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PREFACE. 


It  may  appear  to  those  who  are  familiar  with  the  former  Editions 
of  Dr.  Andrew  Ure's  Dictionaet  of  Arts,  Manofactures,  and 
IVIiNES,  that  but  few  words  are  necessary  for  the  Introduction  to  a  new 
issue  of  a  work  which  is  so  well  known  to  the  public.  If  the  present 
Edition  appeared  under  the  ordinary  circumstances  of  a  reprint, — with 
modern  discoveries,  and  new  applications  added, — ^little  would  have  been 
required  in  the  way  of  preface.  Such,  however,  is  not  the  case,  for, 
although  this  Dictionary  is  based  on,  bears  the  name  of,  and  is  in  style 
and  intention  similar  to,  the  production  by  Dr.  Ure,  it  cannot  but  be 
regarded,  from  the  extent  of  origintel  matter  which  has  been  introduced, 
as  a  new  publication.  i 

Dr.  Andrew  Ure's  DiCTioNAify  of  Arts,  Manufactures,  and 
Mines,  has,  during  many  years,  occupied  a  very  important  position  in, 
what  may  be  termed,  the  Commercial  Literature  of  England. 

There  were  few  men  more  familiar  with  the  applications  of  Science, 
and  the  details  of  all  those  Arts  and  Manufactures  which  involved  the 
discoveries  of  Chemistry,  than  the  late  Dr.  Ure.  Perhaps  no  man  was 
more  frequently  consulted  upon  questions  of  patent  right,  or  concerned 
in  experiments  which  had  for  their  objects  the  removal  of  difficulties  in 
the  processes  which  the  laboratory  had  given  to  the  manufactory.  With 
these  advantages,  superadded  to  such  as  naturally  belong  to  a  compre- 
hensive mind,  trained  with  much  industry  in  habits  of  close  observation, 
it  could  scarcely  be  otherwise  than  that  a  work  of  a  technological 
character  produced  by  such  a  man  should  reach  a  high  standard  of 
excellence. 

Many  of  the  most  eminent  amongst  the  living  men  of  science,  look 
back  with  feelings  of  affection  to  the  days  when,  commencing  their 
studies,  they  were  guided  by  the  clear  light  shed  upon  their  paths  by 
Ure's  Dictionary/  of  Chemistry.  This  science,  since  the  fourth  Edition 
of  that  work  (the  Edition  now  before  me)  was  published  in  1831  has 
completely  changed  its  character.  One  vast  division  _  that  of  or-anic 
chemistry —  having  been  indeed  created  within  the  thirty  years  which 
have  elapsed,  and  the  theory  of  chemicid  combination  having  been 
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established  upon  a  more  philosophic  basis.  Consequently  the  features 
of  any  new  Edition  of  that  work  must  present  an  entire  change,  and  to 
the  young  chemist  of  the  modern  school  the  original  must  necessarily 
wear  an  unsatisfactory  aspect.  There  is,  however,  one  feature  in  con- 
nexion  with  the  original  Dictionary  of  Chemistry  of  Ure,  which  it  is 
desirable  to  see  repeated  in  all  our  modern  works  on  that,  or  any  other 
branch  of  science.  A  peculiarly  lucid  style  distinguished  all  the 
articles  which  proceeded  from  the  pen  of  Dr.  Ure  in  those  days,  and 
many  of  the  essays,  devoted  to  physico-chemical  science,  are  worthy  of 
preservation,  as  examples,  from  which  writers  on  similar  subjects  might 
learn  to  reach  that  clearness  of  expression  united  with  elegance  of 
diction  which  distinguishes  them,  but  which  is  exceedingly  rare  in  this 
class  of  literature  at  present. 

The  Dictionary  of  Chemistry  slid  by  degrees  into  the  more  compre- 
hensive book,  the  Dictionary  of  Arts,  Manufactures,  and  Mines, 
which  became  the  original  of  several  similar  works  in  this  country,  in 
France,  and  in  Germany.  During  the  lifetime  of  Dr.  Ure  the  latter 
book  passed  through  four  editions,  aU  of  which  have  been  found  to  be 
eminently  useful  to  the  manufacturer,  the  man  of  business,  and  the 
student  of  technology.  In  consequence  of  an  arrangement  made  with 
Messrs.  Newton  and  Son,  of  Chancery  Lane,  we  are  enabled  to  retain 
much  valuable  matter  extracted  by  Dr.  Ure  for  his  last  edition  from  a 
Series  of  Essays  first  published  in  '  Newton's  London  Journal  of  Arts.' 
The  extracts,  relating  in  great  part  to  novelties  of  an  interesting  and 
useful  nature  displayed  in  the  Great  Exhibition  of  the  Industry  of  all 
Nations,  will  be  found  included  under  the  following  heads,  viz.  :  Alum, 
Beer,  Citric  Acid,  Clay,  Envelopes,  Glass,  Knife-cleaning  Machines,' 
Matting,  Meats  Preserved,  Nickel,  Oxalic  Acid,  Paging  Machines, 
Printing  and  Numbering  Cards,  Sand,  Soap,  Sulphuric  Acid,  Tartaric 
Acid,  and  White  Lead. 

A  careful  examination  of  this  work,  after  the  death  of  Dr.  Ure,  proved 
chat  the  shackles  of  age  had,  to  some  extent,  prevented  his  embracing 
aU  those  applications  of  science  which  have  been  made  with  most  rapid 
strides  within  the  last  few  years.  Consequently,  the  publishers,  re- 
solved to  spare  nothing  which  should  conti-ibute  towards  maintaining 
the  usefulness  of  this  work,  committed  it  to  my  care,  fully  entertain- 
ing the  view  that  competent  wi-iters  should  be  engaged,  to  furnish 
articles  on  those  special  industries  which  they  have  made  the  subject 
of  their  particular  study. 

From  an  examination  of  the  list  of  contributors  it  will  be  seen,  that 
in  many  instances  the  highest  authorities — men  whose  original  investi- 
gations have  contributed  to  sujjport  the  dignity  of  British  science — 
have  written  articles  for  the  present  Edition.  Indeed,  it  has  been  my 
earnest  endeavour  to  obtain,  upon  every  branch  in  each  of  the  three 
divisions  of  this  Dictionary,  the  most  efficient  aid,  and  to  gather  in- 
formation upon  every  subject,  from  the  most  reliable  sources. 
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For  the  zealous  and  really  kind  manner  in  which  assistance  has  been 
afforded  I  am  bound  to  express  my  obligations.  But  for  this  friendly 
cooperation  the  task  of  producing  the  present  work  would  have  been 
infinitely  more  laborious  than  it  has  proved  to  be.  To  the  living  I  can 
only  use  general  terms  of  thanks,  since  any  selection  would  be  unjust, 
where  aU.  have  shown  so  large  an  amount  of  earnestness. 

Death  has,  however,  removed  from  the  list  of  our  fellow  labourers, 
while  the  printers  have  been  engaged  on  this  work,  three  friends  to 
whose  names  a  few  words  may  be  allowed,  and  to  whose  memory 
some  tribute  is  due. 

There  was  no  one  from  whom  I  counted  for  more  assistance  in  all 
that  related  to  the  applications  of  chemical  science,  than  from  Henry 
M.  Witt.  A  few  articles  from  the  pen  of  that  young  chemist  appear 
in  these  volumes,  and  had  not  his  too  sensitive  mind  given  way  under 
the  unfortunate  circumstances  in  which  it  had  pleased  Providence  to 
place  him,  there  can  be  no  doubt  but  he  would  have  achieved  honours  in 
the  path  he  had  chosen.  T.  H.  Henry,  whom  we  have  also  lost,  and 
whose  loss  is  deeply  regretted,  was  a  chemist  of  longer  standing,  and 
consequently  better  known  —  especially  for  the  correctness  of  his 
analytical  investigations,  and  his  perfect  knowledge  of  metallurgical 
chemistry.  Herbert  Mackworth,  one  of  Her  Majesty's  Inspectors  of 
Collieries,  came  to  his  early  end,  no  doubt,  from  the  zeal  which  led  him, 
in  the  practice  of  his  professional  duties,  into  badly-ventilated  mines. 
He  was  a  man  ever  anxious  to  improve  the  condition  of  the  working 
miner,  and  to  relieve  him,  as  far  as  possible,  from  those  disastrous 
accidents  which  are  so  fatal  to  this  industrious  class.  From  him  I 
obtained  valuable  assistance, — beyond  that  which  is  indicated  by  his 
initials, — on  various  points  connected  with  engineering  as  applied  to 
our  subterranean  operations. 

A  few  words  on  the  plan  of  the  present  work.  As  in  the  former 
editions,  the  mere  handicrafts  were  not  included,  so  in  this,  they  have, 
unless  where  they  possess  more  than  ordinary  interest,  been  omitted, 
as  it  was  not  possible  without  greatly  extending  the  work  to  compre- 
hend them. 

The  objects  which  have  been  steadily  kept  in  view  are  the  follow- 
ing:—To  furnish  a  work  of  reference  on  all  points  connected  with  the 
subjects  included  in  its  design,  which  should  be  of  the  most  reliable 
character.  To  give  to  the  scientific  student  and  the  public  the  most 
exact  details  of  those  manufactures  which  involve  the  application  of  the 
discoveries  of  either  physics  or  chemistry.  To  include  so  much  of 
science  as  may  render  the  philosophy  of  manufacture  at  once  intelligible, 
and  enable  the  technical  man  to  appreciate  the  value  of  abstruse  research! 
To  include  such  commercial  information  as  may  guide  the  manufacturer^ 
and  fairly  represent  the  history  and  the  value  of  such  Foreign  and  Colo- 
nial productions  as  are  imported  in  the  raw  condition.  To  present  to 
the  public,  without  much  elaboration,  a  sufficiently  copious  description  of 
the  Arts  we  cultivate,  of  the  Manufactures  for  which  we  are  distin- 
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guislied,  and  of  those  Mining  and  metallurgical  operations  which  are  so 
preeminently  of  native  growth,  including  at  the  same  time  a  sufficiently 
detailed  account  of  the  industries  of  other  states. 

The  greatest  care  has  been  taken  to  render  all  the  cross-references  as 
complete  as  possible,  without  putting  the  reader  to  the  vexatious 
process  of  hunting  to  and  fro  amongst  the  pages,  for  the  information 
for  which  he  seeks.  It  is  hoped  that  the  Dictionaiy  will  be  found  to 
answer  the  great  end  of  such  a  work,  and  that  the  facts  in  which  it 
deals  may  be  found  with  facility.  For  all  those  articles  which  have  not 
initial  letters  indicating  the  authors'  names,  I  am  entirely  responsible. 
Of  these,  a  few  have  been  reprinted  without  much  alteration  from  the 
former  edition ;  but  by  far  the  larger  number  have  been  written  by  me, 
after  having  obtained  the  fullest  information  from  the  best  authorities. 
I  have  never  hesitated  to  take  fresh  knowledge  from  any  source,  —  but 
if  I  have  omitted  to  acknowledge  the  source,  the  neglect  is  uninten- 
tional. 

I  commenced  the  New  Edition  of  Ure's  Dictionarjr  with  an  earnest 
determination  to  render  the  work  as  complete  and  as  correct  as  it  was 
possible  for  me  to  make  it.  I  soon  became  conscious  of  my  imperfect 
knowledge  of  many  subjects  embraced  within  the  scheme,  —  and  even 
after  having  laboured  to  acquire  that  knowledge  from  books,  I  often 
found  there  was  still  a  want.  In  my  necessities  I  have  asked  the  aid  of 
the  manufacturer,  and  the  advice  of  the  man  of  science  —  and  never 
having  been  refused  the  information  solicited,  I  am  led  to  hope 
that  those  who  may  possess  these  volumes  will  find  in  them  more 
practical  knowledge  than  exists  in  any  work  of  a  similar  character. 
For  this  they  are  indebted  to  the  liberal  feeling  which  marks  the  great 
manufacturers  of  England,  and  distinguishes  her  men  of  science.  With 
these  remarks  my  labours  are  committed  to  the  public — trusting  that 
their  verdict  will  be,  that  I  have  used  my  abilities  and  "my  industry 
so  as  to  produce  a  Dictionary  of  Arts,  Manufactures,  and  Mines  which 
will  be  found  practically  useful  to  all  who  are  engaged  in  these  special 
divisions  of  human  industry,  and  prove  valuable  as  a  book  of  reference 
to  every  inquirer. 

EGBERT  HUNT. 


Mining  llecord  Office,  Museum  of  Practical  Geology : 
August  1S60. 
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VOL.  11. 

Page  123.  GUANO,  paragraph  20,  for  "3.  Soda  lime  for  platinum,"  read  "  Bichloride  of  platimim  " 
„  489.  ICE-HOUSE,  ninth  line,  for  "  Fig.  384,"  read  'Tig.  985." 
„  519.  Insert  the  initials  E.  S.  at  the  end  of  Indigo. 

„  700.  LEUCOLINE,  for  "  a  compound,  SiC,"  read  "  a  synonym  of  LEUKOt,." 
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ABA.    A  woollen  stuff  manufactured  in  Turkey. 

ABACA.  A  species  of  fibre  obtained  in  the  Philippine  Islands  in  abundance 
Some  authorities  refer  those  fibres  to  the  palm-tree  known  as  the  Abaca  or  Ariisa 
texhlis.  There  seem,  indeed,  several  well-known  varieties  of  fibre  under  this  name 
some  so  fine  that  they  are  used  in  the  most  delicate  and  costly  textures,  mixed  with 
fibres  of  the  pme-apple,  forming  Pina  muslins  and  textures  equal  to  the  best  muslins  of 
Bengal  Of  the  coarser  fibres  mats,  cordage,  and  sail-cloth  are  made.  M.  Duchesne 
states,  that  the  well-known  fibrous  manufactures  of  Manilla  have  led  to  the  manufac- 
T^-r  >.  -ir  thejnselves,  at  Pans,  into  many  articles  of  furniture  and  dress 

Their  brilliancy  and  strength  give  remarkable  fitness  for  bonnets,  tapestry,  carpets 
network,  hammocks,  &c.     The  only  manufactured  articles  eiported^rom^the 
Philippine  Islands,  enumerated  by  Thomas  de  Comyn,  Madrid,  IS^O  ft  anTl  hv 
Walton),  besides  a  few  tanned  bufi-alo  hides  and  skinsf  are  8000  o  12  000  pieces  o^f 
light  sail-cloth,  and  200,000  lbs.  of  assorted  abaca  cordage  ^ 

ABIES  {in  Botany),  the  fir,  a  genus  of  trees  which  belong  to  the  coniferous  tribp 
These  trees  are  well  known  frorn  their  ornamental  character,  and  for  X  vallate 

ABIES  BALSAMEA  (the  Balm  of  Gilead  fir)  produces  the  rnt,nri;a„  >>  i 

IbIeS^cTnTdS^^^  f      regiLS  No"  h'lm'Sct"'^ 

(^AJNAJDJiNblS  (the  hemlock  spruce  fir")     A  f.nn«;/q,.,.oT,i„ 

the  essence  of  spruce  is  extracted  from  the  ^shoots  3' thk  tree  ftTs  L^'"*''^°^ 
obtained  from  other  varieties  of  the  spruce  fir.  '       '  ^^^^ever,  also 

ABIES  PICEA  of  Linnaeus  {Abies  pectinata  of  De  Oandole')    Thp  Silvo,. 

A7TFTr^"/^f  ^  P,'*"'^  r ^  '^"^  ^^••^^^"g  turpentine.       ^'       '  ^"^^'^  f'""' 

nal^a™f  of  tte''s1rvj;S  ^he  Abies  pecti- 

monly  called  ^Strasburg  turpenti^ne    't^  l^ir^s'^^^^^^  f  ^'T'r^' 

agreeable  smell,  combined  with  a  resin  and  a  P"^^™*-  of  a  volatile  oil  of  an 

well  as  the  peculiar  body  cl^ led  ahtua  ^"'^^      ^"^^er,  as 

some  abietic  acid.    If  fhe  ordinary  '  sL  be  removed  W  T\  f  ^'f 

remainder  digested  with  carbonate  of Ttasli  an  ahil^/.f  °!"'f  ''^"'^  ^''^ 

which  the  crystalline  Abietine  can  be  Ccm-'ed     TwTj  T^'^' T  "^'^'""^'^ 

m  petroleum  and  crystallises  out  of  it    sSurl  .  , 1-       Bubstunce  dissolves 


ABRASION.    The  fiemn  inn      ^     •  rl^^^^'^s-  Artificial. 
general,  the  abrasive  ooTo  SdeH  T""^  ''''  --ftoe.  In 

duced  ;  thus,  for  plane  surfac'era'fl^t  gS' s  ernXv^ed''!^' ''^  P™" 
a  convex  grmder.  See  Grindstone  -  File  ^"P'"^^'*'  for  concave  surfaces 
^ACACIA  (Z.  acacia,  a  thorn ;  Gr!       a  point.)    The  acacia  is  a  very  extensive 
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genus  of  trees  or  shrubby  plants,  inhabiting  the  tropical  regions  generally,  but  ex- 
tending in  some  few  instances  into  the  temperate  zone;  being  found,  for  example,  in 
Australia,  and  the  neighbouring  islands.  Botanists  are  acquainted  with  nearly  300 
species  of  the  acacia  ;  some  of  these  yield  the  gum  arable  and  the  gum  catechu  of 
commerce;  while  the  bark  of  others  yields  a  large  quantity  of  tannin,  especially  a 
variety  which  grows  in  Van  Dieraen's  Land,  or  Tasmania.  See  Arabic,  Gum  ; 
Catechu. 

ACACIA  ARABICA.  An  inhabitant  of  Arabia,  the  East  Indies,  and  Abyssinia. 
One  of  the  plants  yielding  the  gum  arabic,  which  is  procured  by  wounding  the  hark 
of  the  tree,  after  which  the  sap  flows  out  and  hardens  in  transparent  lumps.  This 
gum  is  also  produced  from  some  other  species  nearly  related  to  this,  as  A.  Nilotica, 
A.  vera,  A.  Ehrenbergii,  A.  tortilis,  and  A.  Seyal,  which  are  natives  of  Arabia,  Nubia, 
Egypt,  Dongola,  &c. 

ACACIA  CATECHU.  The  catechu  acacia  {Mimosa  catechu  of  Linnaeus)  is  a 
tree  with  a  moderately  high  and  stout  stem,  growing  in  mountainous  places  in  Bengal 
and  Coromandel,  and  in  other  parts  of  Asia.  Its  unripe  pods  and  wood,  by  decoction, 
yield  the  catechu  or  terra  Japonica  of  the  shops. 

ACAJOU  (BOIS  D').    The  French  name  for  mahogany,  which  see. 

ACESCENT.  Substances  which  have  a  tendency  to  pass  into  an  acid  state  ;  as  an 
infusion  of  malt,  &c. 

ACETAL.  (C^  H»  O'.)  One  of  the  products  of  the  oxidation  of  alcohol 
under  the  influence  of  the  oxygen  condensed  in  platina  black.  It  is  a  colourless, 
mobile,  ethereal  liquid,  boiling  at  221°  F.  Its  density  in  the  fluid  state  is  0-821 
at  72°.  The  specific  gravity  of  its  vapour  4'138  Stas.  (mean  of  three  experiments): 
calculation  gives  4-083  for  four  volumes  of  vapour.  —  For  the  description  of  the  modes 
of  determining  vapour  volume,  see  the  article  Equivalents,  Chemical.  —  The 
recent  researches  of  Wurtz  render  it  evident  that  the  constitution  of  acetal  is  quite 
different  to  what  has  generally  been  supposed,  and  that  it  is  in  fact  glycodiethyUne  ; 
that  is  to  say,  glycole  in  which  two  equivalents  of  hydrogen  are  replaced  by  two 
equivalents  of  ethyle. — C.  G.  W. 

ACETATE.  {Acetate,  Fr. ;  Essigsaure,  Germ.)  Any  saline  compound  in  which 
the  acid  constituent  is  acetic  acid.  All  acetates  are  soluble  in  water:  the  least 
soluble  being  the  acetates  of  tungsten,  molybdenum,  silver,  and  mercury.  The  acetates, 
especially  those  of  lead  and  alumina,  are  of  great  importance  in  the  arts.  The 
acetates  are  all  described  under  their  respective  bases  ;  —  a  rule  which  will  be 
adopted  with  all  the  acids. 

ACETIC  ACID.  (Acide  acetique,  Fr.;  Essigsaure,  Germ.;  Acidum  aceHcum,Lat. ; 
Eisel,  Sax.)  The  word  "  acetic  "  is  derived  from  the  Latin  acetum,  applied  to  vinegar ; 
probably  the  earliest  known  body  possessing  the  sour  taste  and  other  properties  which 
characterise  acids  ;  hence  the  term  Acid,  now  become  generic ;  both  the  Latin  word 
and  also  the  Saxon  acid  being  from  the  root  acies  (Greek  ok^j),  an  edge  or  point,  in 
reference  to  the  sharpness  of  the  taste.  .... 

Vinegar  must  have  been  known  from  the  most  remote  periods  of  antiquity.  It  is 
mentioned  by  Moses.*  Hippocrates  employed  it  in  medicine  under  the  name  Sfuj.f 
Hannibal,  in  his  passage  over  the  Alps,  is  said  to  have  softened  the  rocks  by  fire  and 
vinegar.t  It  was  known  to  the  alchemists  in  the  more  concentrated  state  in  which 
it  is  obtained  by  the  distillation  of  acetate  of  copper  (verdigris)  ;  being  mentioned 
both  by  Geber  §  and  Stahl. 

CIrystallised  acetic  acid  was  first  obtained  by  Westendorf  ||  and  Lowitz.t 
Acetic  acid  exists  in  nature  only  in  the  organised  kingdoms,  or  as  a  product  of 
the  oxidation  of  organic  bodies.    According  to  Vauquelin  and  Morin  it  is  found  in 
the  iuices  of  certain  plants,  and  it  probably  exists  in  certain  animal  fluids. 

Gmelin  and  Geiger  state  that  it  has  been  found  in  mineral  waters,  which  is  quite 
Dossible  having  been  derived  from  the  decay  of  organic  matter  originally  present. 

Acetic  acid  is  produced  either  by  the  oxidation,  or  the  destructive  distillation,  of 
organic  bodies  containing  its  elements  —  carbon,  hydrogen,  and  oxygen. 

The  oxidation  of  organic  bodies,  in  order  to  convert  them  into  acetic  acid,  may  be 
efi-ected  either,—  1,  by  exposing  them  in  a  finely  divided  state  to  the  action  of  air  or 
oxygen  'as  ;  2,  by  submitting  them  to  the  action  of  ferments  m  the  presence  of  a  free 
supply  of  atmospheric  air  ;  or,  3,  by  the  action  of  chemical  oxidising  agents. 

When  acetic  acid  is  procured  by  the  o.vtdation  of  organic  bodies,  f  J  y 

alcohol  that  is  employed;  but  by  whatever  process  alcohol  is  transformed  >nto  ace t  c 
acid,  it  is  always  first  converted  into  an  intermediate  compound,  aldehyde;  and  this 

.  vT     I,  ..    I  a  t  T)e  naturn  inuliobri. 

I  »^  Investigation  of  I'crfuction. 

II  Wotmdorr,  Diss,  ile  opt.  ncet.  cone.  &c.  Gottenburg,  1772. 
H  Lowitz,  Allgcm.  Journal  von  Liltcrer,  111.  600. 
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beiug  a  very  volatile  body,- it  is  desirable  always  to  eft'ect  the  oxidation  as  completely 
and  rapidly  as  possible,  to  avoid  the  loss  of  alcohol  by  the  evaporation  of  this  aldehyde. 


The  process,  therefore,  consists  first  in  the  removal  of  two  equivalents  of  hydropen 
from  alcohol,  which  are  converted  into  water,  — aldehyde  being  produced,  ■ —  and  then 
the  further  union  of  this  aldehyde  with  two  equivalents  of  oxygen  to  convert  it  into 
acetic  acid.    See  Aldehyde. 

By  the  oxidation  of  alcohol,  pure  acetic  acid  is  obtained  :  but  the  vinegars  of  com- 
merce are  mixtures  of  the  pure  acetic  acid  with  water  ;  with  saccharine,  gummy,  and 
colouring  matters ;  with  certain  ethers  (especially  the  acetic  ether),  upon  which  their 
agreeable  aromatic  flavour  depends  ;  with  empyreumatic  oils,  &c. 

The  pure  acetic  acid  (free  from  water  and  other  impurities)  may  be  obtained  most 
advantageously,  according  to  Melsens  *,  by  distilling  pure  acetate  of  potash  with  an 
excess  of  acetic  acid  (which  has  been  obtained  by  the  redistillation  of  ordinary  acetic 
acid,  procured  either  by  oxidising  alcohol,  or  by  the  destructive  distillation  of  wood)  : 
the  acid  which  first  passes  over  contains  water ;  but  finally  it  is  obtained  free. 

Properties  of  pure  Acetic  Acid.  —  When  absolutely  pure,  acetic  acid  is  a  colourless 
liquid  of  specific  gravity  1-064,  which  at  temperatures  below  62°  F.  (17°  C.) 
solidifies  into  a  colourless  crystalline  mass.  It  has  sti-ongly  acid  properties,  being  as 
powerfully  corrosive  as  many  mineral  acids,  causing  vesication  when  applied  to  the 
skin ;  and  it  possesses  a  peculiarly  pungent,  though  not  a  disagreeable  smell. 

The  vapour  of  the  boiling  acid  is  highly  combustible,  and  burns  with  a  blue  flame. 
Hydrated  acetic  acid  dissolves  camphor,  gliadine,  resins,  the  fibrine  of  blood,  and 
several  organic  compounds.  When  its  vapour  is  conducted  through  a  sli'ghtlv 
ignited  porcelain  tube,  it  is  converted  entirely  into  carbonic  acid  and  acetone,  an  atom 
of  the  acid  being  resolved  into  an  atom  of  each  of  the  resultants.  At  a  white  heat 
the  acid  vapour  is  converted  into  carbonic  acid,  carburetted  hydrogen,  and  water 

It  attracts  water  with  great  avidity,  mixing  with  it  in  all  proportions.  Its  solution 
m  water  mcreases  m  density  with  the  increase  of  acetic  acid  up  to  a  certain  point  • 
but  beyond  this  point  its  density  again  diminishes.    Its  maximum  density  beine 


Alcohol  contains  C*  O'^ 
Aldehyde  „  C*  H*  O' 
Acetic  acid  „  C'E*0* 


ofMohr's  Table  of  the  Specific  Gravity  of  Mixtures  of  Acetic  Acid  and 


Water.X 


Per-centage  of  Acetic 
Acid,  C  H-i  O*. 


Density. 


Per-centage  of  Acetic 
Acid,      H-i  O'. 


Density. 


100 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 


1-0635 

1-070 

1-073 

1-073 

1-0735 

1-072 

1-070 

1-068 

1-067 

1-064 

1-060 


45 
40 
35 
30 
25 
20 
15 
10 
5 
1 


1-055 

1051 

1-046 

1-040 

1-034 

1-027 

1-022 

1-015 

1-0067 

1-001 


*  Compten  rendus,  xix.  6U. 

t  Mohr,  Ann.  der  Cln.m.  und  Phur.  xxxl.  227. 


f  Gerhardt,  Chimie  Organiquc,  i.  718. 
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Which  numbers  closely  agree  with  those  obtained  by  Dr.  Ure :  — 


Acid. 

c«  /It- 
op.  Ur. 

JxClxX- 

Sp.  Gr. 

A  id 

Cl 

Sp  Gr. 

100 

1*0620 

7o 

1  u/  to 

1  Uu  1  / 

98 

1*0650 

74 

1  *c\'7Ar\ 
1  u  /  *tu 

ou 

i  UDUO 

96 

1"0680 

7i5 

1  '07^^ 

1  U  /  OO 

'*0 

94 

1"0700 

7U 

1  yj  1  £iD 

X  1 

92 

1"0715 

c  o 

OO 

X  U/  ID 

OJ 

i  U%0i7 

90 

1  U/lso 

OD 

1'0712 

30 

1*0405 

88 

1-0730 

64 

1*0701 

25 

1-0342 

86 

1-0735 

62 

1-0687 

20 

1*0282 

84 

1-0738 

60 

1*0675 

15 

1-0213 

82 

1-0740 

58 

r0665 

10 

1-0147 

80 

1-0750 

56 

1-0647 

5 

1-0075 

78 

1-0748 

54 

1*0634 

Acetic  acid  was  formerly  (and  is  still  by  some  chemists)  viewed  as  the  hydrated 
teroxide  of  a  radical  acetyl,  now  called  vinyl.   See  Formulae. 

(C^  H^)  O',  HO 

Acetyl. 

And  therefore  an  anhydrous  acetic  acid,  O',  is  supposed  to  exist.  Many 

attempts  have  been  made  to  isolate  this  anhydrous  acetic  acid     H'  O'  -,  and  a  body 
which  has  received  this  name  has  been  quite  recently  obtained  by  Gerhardt*,  by  the 
double  decomposition  of  chloride  of  acetyl  and  an  alkaline  acetate,  thus— 
C'ff(O^Cl)    +    KO,C*H'0'     =    C»HW     +  KCl 


Chloride  of 
acetyl. 


Acetate  of         (So-called)    Chloride  of 
potash.  Anhydrous  potassium, 

acetic  acid. 

This  body  Gerhardt  describes  as  a  colourless  liquid  having  a  strong  smell  of  acetic 
acid,  but  associated  with  the  flavour  of  hawthorn  blossom,  having  a  specific  gravity 
of  1-073,  and  boiling  at  1 37°  C.  (278°  F.)  ;  falling  in  water  m  the  form  of  oily  drops, 
only  dissolving  on  gently  heating  that  fluid.  It  is,  however,  not  anhydrous  acetic 
acid,  bu  a  compound  isomeric  with  the  hypothetical  anhydrous  acetic  acid  C^  H'  O' 
containing,  in  fact,  double  the  amomit  of  matter,  its  formula  bemg  CH^O".  See 

ThTSure  varieties  of  acetic  acid  known  as  vinegar,  pyroligneous  acid,  &c.,  are 
the  products  met  with  in  commerce,  and  therefore  those  reqmre  more  minute  de- 

''STe'deSibinfihe  manufacture  of  these  commercial  articles,  it  may  be  in- 
tereslne  trSe  to  a  method  of  oxidising  alcohol  by  means  of  spongy  platinum; 
^hich  may  ?et  meet  with  extensive  practical  application.    It  is  a  weU-known  fact 

~  ^rs-s     -ss       ■r^^^s.^f^  ; 

ron;bto«io',;'be»«n%L  ojgM  »d  He  d.oh.l,  evening  the  lauer  mt=  aoe.,0 
illaslraled  by  «  very  simple  experiment.   Place  reeently  ignited 

;r'"SS..nlrfo.i^^^  i..  «  .ime..b«nd„tly 

»  Comptes  rendus..  xxxiv.  785. 
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extensively  employed  in  this  country,  on  account  of  its  elegance  and  extreme 
simplicity. 

Manufactuee  of  Vinegar 
A.  By  acetous  Fermentation. 

AU  liquids  which  are  susceptible  of  the  vinous  fermentation  are  capable  of  yielding 
vinegar.  A  solution  of  sugar  is  the  essential  ingredient,  which  is  converted  first 
into  alcohol,  and  subsequently  into  acetic  acid.  The  liquids  employed  vary  according 
to  ckcumstances.  In  this  country  the  vinegar  of  commerce  is  obtained  from  an 
infusion  of  malt,  and  in  wine  countries  from  inferior  wines. 

The  oxidation  of  alcohol  is  remarkably  faciUtated  by  the  presence  of  nitrogenised 
organic  bodies  in  a  state  of  change,  called /ermente,  hence  the  process  is  frequently 
termed  acetous  fermentation.  Now,  although  in  most  cases  the  presence  of  these  fer- 
ments curiously  promotes  the  process,  yet  they  have  no  specific  action  of  this  kind; 
for  we  have  already  seen  that,  by  exposure  to  air  in  a  condensed  state,  alcohol, 
even  when  pure,  is  converted  into  acetic  acid  ;  and,  moreover,  the  action  of  oxidising 
agents,  such  as  chromic  and  nitric  acid,  &c.,  is  capable  of  effecting  this  change. 

However,  in  the  presence  of  a  ferment,  with  a  free  supply  of  air,  and  at  a  tempera- 
ture of  from  60°  to  90°  F.,  alcohol  is  abundantly  converted  into  acetic  acid. 

At  the  same  time  that  the  alcohol  is  converted  into  acetic  acid,  the  nitrogenised 
and  other  organic  matters  undergo  peculiar  changes,  and  often  a  white  gelatinous 
mass  is  deposited, — which  contains  Vibriones  and  other  of  the  lower  forms  of  organised 
beings, — and  which  has  received  the  name  oi  mother  of  vinegar*,  from  the  supposition 
that  the  formation  and  development  of  this  body,  instead  of  bemg  a  secondary  result 
of  the  process,  was  really  its  exciting  cause. 

1.  Wine  Vinegar.  (  Vinaigre,  Fr. ;  Weinessig,  Germ.)  Wine  vinegar  is  made  of 
the  best  quality,  and  on  the  greatest  scale,  at  Orleans  in  France,  out  of  wines  which 
have  become  more  or  less  acidulous,  and  are,  therefore,  of  inferior  value.  When  the 
vinegar  is  made  from  well-flavoured  wines,  it  is  preferable  to  every  other  for  the  use 
of  the  table.  The  old  method  pursued  in  the  vinaigreries  consists  merely  in  partially 
filling  a  series  of  large  casks  placed  in  three  or  four  ranges  over  each  other,  in  a 
cellar  warmed  with  a  stove  to  the  temperature  of  85°  F.,  with  the  wine  mixed  with 
a  certain  proportion  of  ready-made  vinegar  as  a  ferment.  Low-roofed  apartments  are 
the  most  suitable  ;  when  there  is  a  high  ceiling  it  is  necessary  to  elevate  the  "  mothers," 
in  order  that  they  may  occupy  the  higher  strata  of  warm  air.  This  trouble  is  dis- 
pensed with  when  the  roofs  are  low.  Experience  has  proved  that  in  high-roofed 
apartments,  where  the  tuns  are  placed  at  different  levels,  the  uppermost  work  off 
quicker  and  better  than  the  others.  More  wine  is  added,  in  successive  small  portions, 
as  fast  as  the  first  has  become  acetified,  taking  care  that  a  free  ventilation  be  main- 
tained, in  order  to  replace  the  carbonic  acid  produced  by  fresh  atmospheric  oxygen. 
In  summer,  under  a  favourable  exposure  of  the  windows  and  walls  of  the  fermenting 
room  to  the  sun,  artificial  heat  is  not  needed.  Each  cask  is  of  about  60  gallons'  capa- 
city, and  into  each  cask  of  the  set  is  poured  jrd  its  capacity  of  vinegar,  to  which  2  galls, 
of  wine  are  added,  and  weekly,  afterwards,  2  galls,  more.  About  8  galls,  are  drawn 
oiF  at  the  end  of  four  weeks  as  vinegar,  and  then  successive  additions  of  wine  are  made  as 
before  to  the  casks.  These  are  laid  horizontally  in  rows  upon  their  gawntrees,  and  are 
pierced  at  the  upper  surface  of  the  front  end  with  two  holes :  one,  called  the  eye,  is  two 
inches  in  diameter,  and  serves  for  pouring  in  the  charges  through  a  funnel;  the  other 
is  a  small  air-hole  alongside.  The  casks  should  never  be  more  than  §rds  full,  otherwise 
a  sufficient  body  of  air  is  not  present  in  them  for  favouring  rapid  acetification.  At  the 
end  of  a  certain  period,  the  deposit  of  tartar  and  lees  becomes  so  gi-eat  that  the  casks 
must  be  cleared  out.  This  renovation  usually  takes  place  every  10  years  ;  but  the 
casks,  when  made  of  well-seasoned  oak  and  bound  with  iron  hoops,  will  last  25  years. 
The  wine,  as  well  the  vinegar  produced,  should  be  clarified  by  being  slowly  filtered 
through  beech  chips,  closely  packed  in  a  large  open  tun.  When  wines  are  new,  and 
somewhat  saccharine  or  too  alcoholic,  they  acetify  reluctantly,  and  need  the  addition 
of  a  little  yeast,  or  even  water,  to  the  mixture ;  and  when  they  are  too  weak,  they 
should  be  enriched  by  the  addition  of  some  sugar  or  stronger  wine,  so  as  to  bring 
them  to  a  uniform  state  for  producing  vinegar  of  normal  strength.  To  favour  the 
renewal  of  fresh  air  into  the  upper  part  of  the  hogsheads,  it  would  be  advisable  to 
pierce  a  two-inch  hole  near  to  the  upper  level  of  the  liquid  when  the  cask  is  fullest 
by  which  means  the  heavy  carbonic  acid  would  fall  out,  and  be  replaced  by  the 
atmospheric  air  at  the  superior  apertures. 

the  n™l  ofMKold^m  ^6?"''''°''''     """"  '°     "  ^"'""'^'^      Mulder  under 
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Wine  vinegar  is  of  two  kinds,  white  and  red,  according  as  it  is  prepared  fVom  -white 
or  red  wine.  White  wine  vinegar  is  usually  preferred,  and  that  made  at  Orleans  is 
regarded  as  the  best. 

Dr.  Ure  found  its  average  specific  gravity  to  be  1-019,  and  to  contain  from  6.^  to  7 
per  cent,  of  real  acid  ;  according  to  the  Edinburgh  Pharmacopoeia,  its  specific  gravity 
varies  from  1-014  to  1-022. 

2.  MAiT  Vinegar.  {British  Vinegar;  in  Germany  called  Malz-Getreide  or  Bier- 
essig.)  In  England  vinegar  is  chiefly  made  from  an  infusion  of  malt,  by  first  ex- 
citing in  it  the  alcoholic  fermentation,  and  subsequently  inducing  the  oxidation  of  the 
alcohol  into  acetic  acid. 

For  details  of  the  processes  of  malting  and  brewing  the  alcoholic  liquor,  we  must 
refer  to  the  special  articles  on  these  subjects,  confining  our  attention  here  more 
especially  to  the  latter  stages  of  the  operation. 

From  6  bushels  of  malt,  properly  crushed,  100  gallons  of  wort  may  be  extracted 
by  due  mashing,  the  first  water  of  infusion  being  of  the  temperature  of  160°  F., 
and  the  next  two  progressively  hotter,  for  exhausting  the  soluble  saccharine  matter. 
"When  the  wort  is  cooled  to  75°,  from  3  to  4  gallons  of  good  yeast  are  stirred  into  it 
in  the  fermenting  tun,  and  when  it  has  been  in  brisk  fermentation  for  about  40  liours, 
it  is  ready  for  transference  into  the  vessels  in  which  the  acetification  is  to  be 
accomplished. 

The  transformation  of  the  fermented  wort  into  vinegar  was  formerly  effected  in 
two  ways,  which  were  entirely  opposite  in  their  manner  of  operation.  In  one  case  the 
casks  containing  the  fermented  malt  infusion  (or  gtjle)  were  placed  in  close  rooms, 
maintained  at  a  uniform  temperature,  as  already  described  in  the  preparation  of 
wine  vinegar ;  in  the  other,  they  were  arranged  in  rows  in  an  open  field,  where 
they  remained  many  months.  As  regards  the  convenience  and  interests  of  the  manu- 
facturer, it  appears  that  each  method  had  its  respective  advantages,  but  both  are 
now  almost  entirely  abandoned  for  the  more  modern  processes  to  be  described  —  a 
short  notice  of  the  fielding  process  is,  however,  retained. 

When  fielding  is  resorted  to,  it  must  he  commenced  in  the  spring  months,  and 
then  left  to  complete  itself  during  the  warm  season.  The  fielding  method  requires  a 
much  larger  extent  of  space  and  utensils  than  the  stoving  process.  The  casks  are 
placed  in  several  parallel  tiers,  with  their  hung  side  upwards  and  left  open.  Beneath 
some  of  the  paths  which  separate  the  rows  of  cask  are  pipes  communicating  with 
the  "  hack "  at  the  top  of  the  brewhouse ;  and  in  the  centre  of  each  is  a  valve, 
opening  into  a  concealed  pipe.  When  the  casks  are  about  to  be  filled,  a  flexible 
hose  is  screwed  on  to  this  opening,  the  other  end  being  inserted  into  the  bung-hole . 
of  the  cask,  and  the  liquor  in  the  "gyle  back"  at  tlie  brewhouse,  by  its  hydrostatic 
pressure,  flows  through  the  underlying  pipe  and  hose  into  the  cask.  The  hose  is  so 
long  as  'to  admit  of  reaching  all  the  casks  in  the  same  row,  and  is  guided  by  a 

workman.  i,    *  n  • 

After  some  months  the  vinegar  is  made,  and  is  drawn  ofl  by  the  tollowing 
operation  :  a  long  trough  or  sluice  is  laid  by  the  side  of  one  of  the  rows  of  casks, 
into  which  the  vinegar  is  transferred  by  means  of  a  syphon,  whose  shorter  limb  is 
inserted  into  the  bung-hole  of  the  cask.  The  trough  incUnes  a  Uttle  from  one  end  to 
the  other  and  its  lower  end  rests  on  a  kind  of  traveUing  tank  or  cistern,  wherein  the 
vinegar  from  several  casks  is  collected.  A  hose  descends  from  the  tank  to  the  open 
valve  of  an  underground  pipe,  which  terminates  in  one  of  the  buildings  or  stores,  and, 
bv  the  agency  of  a  steam  boiler  and  machinery,  the  pipe  is  exhausted  of  its  air, 
and  this  causes  the  vinegar  to  flow  through  the  hose  into  the  valve  of  the  pipe,  and 
thence  into  the  factory  buildings.  By  this  arrangement  the  whole  of  the  vinegar  is 
speedily  drawn  ofi'.  From  the  storehouse,  where  the  vinegar  is  received,  it  is  pumped 

'''%^:t$'Z:i':r^er^  Mea  with  the  stalks  and  skms  of  grapes  or 
raisins  (the  refuse  of  the  British  wine  manufacture  is  generally  used),  and  the  liquor 
befng  admitted  at  the  top.  is  allowed  slowly  to  filter  through  them  ;  after  pa  sing 
thiough,  it  is  pumped  xip  again  to  the  top,  and  this  process  is  repea  ed  until  the 
aceUfication  is  complete.  Sometimes  wood  shavings,  straw,  or  spent  tan,  a. e  sub- 
stituted for  the  grape  refuse,  hut  the  latter  is  generally  pretcrred. 

Bv  thirprocfss  not  only  is  the  oxidation  of  the  alcohol  completed,  but  coagulable 
nitlynols'TnTmuSlagin'ous  matter  is  separated,  and  thus  the  v^^^^^^^^^ 
bright.    It  is  finally  pumped  into  store  vats,  vvhere  it  is  kept  until  put  mto  casks 

\^%aAn  Cider  Fruit  and  Beet  Vinegars.  An  exceUent  vinegar  may  be  made 
for'istic  p'iuTose^^^^^^  to  a  syrup  consisting  of  ^-^^fj^^:;'^:! 

sugar  for  every  gallon  of  water,  a  quarter  of  a  pint  of  good  yf.'^t.  The  Muor  be  ng 
Stained  at  a  heat  of  fr„m  75°  to  80°  F.,  acetificat.on  will  proceed  so  well  that 
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in  2  or  3  days  it  may  be  racked  off  from  the  sediment  into  the'  ripening  cask,  where 
it  is  to  be  mixed  with  1  oz.  of  cream  of  tartar  and  1  oz.  of  crushed  raisins.  "When 
completely  freed  from  the  sweet  taste,  it  should  be  drawn  off  clear  into  bottles,  and 
closely  corked  up.  The  juices  of  currants,  gooseberries,  and  many  other  indigenous 
fruits,  may  be  acetified  either  alone  or  in  combination  with  syrup.  Vinegar  made 
by  the  above  process  from  sugar  should  have  fully  the  Revenue  strength.  It  will 
keep  much  better  than  malt  vinegar,  on  account  of  the  absence  of  gluten,  and  at 
the  present  low  price  of  sugar  will  not  cost  more,  when  fined  upon  beech  chips,  than 
Is.  per  gallon. 

The  sugar  solution  may  likewise  be  replaced  by  honey,  cider,  or  any  other  alcoholic 
or  saccharine  liquid.  An  endless  number  of  prescriptions  exist,  of  which  the  following 
example  may  sufiice: — 100  parts  of  water  to  13  of  brandy,  4  of  honey,  and  1  of  tartar. 

Messrs.  Neale  and  Duyck,  of  London,  patented  a  process,  in  1841,  for  the  manu- 
facture of  vinegar  from  beet-root. 

The  saccharine  juice  is  pressed  out  of  the  beet,  previously  rasped  to  a  pulp,  then 
mixed  with  water  and  boiled  ;  this  solution  is  fermented  with  yeast,  and  finally 
acetified  in  the  usual  way,  the  process  being  accelerated  by  blowing  air  up  througli 
the  liquid,  which  is  placed  in  a  cylindrical  vessel  with  fine  holes  at  the  bottom. 

In  some  factories  large  quantities  of  sour  ale  and  beer  are  converted  into  vinegar  ; 
but  it  is  usually  of  an  inferior  quality,  in  consequence  of  being  liable  to  further 
fermentation. 

Dr.  Stenhouse  has  shown  that  when  sea-iveed  is  subjected  to  fermentation,  at  a 
temperature  of  96°  F.,  in  the  presence  of  lime,  acetate  of  lime  is  formed,  from  which 
acetic  acid  may  be  liberated  by  the  processes  described  under  the  head  of  Pyro- 
ligneous  Acid.  Although  such  large  quantities  of  sea-weed  are  found  on  all  our 
coasts,  it  does  not  ^.appear  that  they  have  yet  been  utilised  in  this  way,  although 
they  would  still  be,  to  a  certain  extent,  valuable  as  manure  after  having  been  sub- 
jected to  this  process. 

4.  The  German  or  Quick- Vinegar  Process.  {Schnellessigbereitung.') — In  the 
manufacture  of  vinegar  it  is  highly  important  that  as  free  a  supply  of  air  should  be  ad- 
mitted to  the  liquid  as  possible,  since  if  the  oxidation  take  place  but  slowly,  a  considerable 
loss  may  be  sustained  from  much  of  the  alcohol,  instead  of  being  completely  oxidised 
to  acetic  acid,  being  only  converted  into  aldehyde,  which,  on  account  of  its  volatility, 
passes  off  in  the  state  of  vapour.  This  is  secured  in  the  German  process  by  greatly 
enlarging  the  surface  exposed  to  the  air;  which,  however,  not  only  diminishes  or 
prevents  the  formation  of  aldehyde,  but  also  greatly  curtails  the  time  necessary  for 
the  whole  process.  In  fact,  when  this  method  was  first  introduced,  from  the  supply 
of  air  being  insufficient,  very  great  loss  was  sustained  from  this  cause,  which  was, 
however,  easily  remedied  by  increasing  the  number  of  air-holes  in  the  apparatus. 

This  quick-vinegar  process  consists  in  passing  the  fermented  liquor  (which  generally 
contains  about  50  gallons  of  brandy  of  60  per  cent.,  and  37  gallons  of  beer  or  malt- 
wort,  with  ^  of  ferment,)  two  or  three  times  through  an  apparatus  called  the 
Vinegar  Generator  (essigbilder). 

This  apparatus  consists  of  an  oaken  tub,  narrower  at  the  bottom  than  at 
the  top,  furnished  with  a  loose  lid,  a,  with  a 
funnel,  through  which  the  liquids  for  charging 
the  graduator  are  supplied;  below  this  is  a 
perforated  shelf,  b,  having  a  number  of  small 
holes,  loosely  filled  with  packthread,  about  six 
inches  long,  and  prevented  from  falling  through 
by  a  knot  at  the  upper  end.  Through  this  lid 
there  likewise  pass  some  glass  tubes,  open  at 
both  ends,  c,  which,  having  their  apertures  above 
and  below  the  shelf,  act  as  air  vents.  At  a  dis- 
tance of  about  eighteen  inches  from  the  bottom 
is  placed  another  perforated  diaphragm,  at  d  ; 
and  two  inches  above  this  the  tub  is  perforated 
with  eight  or  ten  equidistant  holes,  e  e,  an  inch 
to  an  inch  and  a  half  in  diameter,  which  serve 
to  admit  atmospheric  air.  The  space,  f,  between 
the  diaphragm  and  the  perforated  lid,  is  fiUed  with 
shavings  of  beechwood  ;  by  percolating  through 
which  the  solution  is  exposed,  over  a  very  con- 
siderable surface,  to  the  oxidising  influence 
ot  the  air  which  passes  in  a  current  upwards - 
through  the  apparatus.    One  inch  above  the  bottom 
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pipe  G  the  upper  cufVature  of  which  stands  one  inch  below  the  air-holes  in  the  side 
when  the  liquid  in  the  bottom  of  the  generator,  which  has  passed 
thiough  the  shavings,  collects  up  to  this  level,  it  runs  off  into  any  vessel  placed 
neneatn  to  receive  it. 

The  analogy  between  acetification  and  ordinary  processes  of  decav  and  even  com- 
bustion, is  well  seen  in  this  process  ;  for  as  the  oxidation  proceeds,  the  temperature  of 
the  liquid  rises  to  100°  or  even  104°  F. ;  but  if  the  temperature  generated  by  the 
process  itself  be  not  sufficient,  the  temperature  of  the  room  in  which  the  tuns  are 
placed  should  be  artificially  raised. 

By  this  method  150  gallons  of  vinegar  can  be  manufactured  daily  in  ten  tuns 
which  one  man  can  superintend  ;  and  the  vinegar,  in  purity  and  clearness,  resembles 
distilled  vinegar. 

It  is  better  to  avoid  using  liquors  containing  much  suspended  mucilaginous  matter 
which,  collecting  on  the  chips,  quickly  chokes  up  the  apparatus,  and  not  only  impedes 
the  process,  but  contaminates  the  product. 

The  chips  aud  shavings  may  with  advantage  be  replaced  by  charcoal  in  fragments 
which,  by  the  oxygen  it  contains  condensed  in  its  pores,  still  further  accelerates 
the  process.    The  charcoal  would  of  course  require  re-igniting  from  time  to  time. 

Processes  for  the  rapid  formation  of  vinegar  have  likewise  been  adopted  in  this 
country.  So  long  ago  as  the  year  1824,  Mr.  Ham  obtained  a  patent  for  the  following 
method,  which  is  still  in  operation  at  several  works : — 

The  apparatus  consists  of  a  large  vat,  in  the  centre  of  which  is  placed  a  revolving 
pump,  having  two  or  more  shoots  pierced  with  holes,  so  as  to  cause  a  constant  shower 
of  wash — fermented  wort — to  descend.  The  lower  part  of  the  vat  is  charged  with 
wash,  the  upper  part  with  birch  twigs,  piled  as  high  as  possible,  but  without  inter- 
fering with  the  revolution  of  the  shoots.  Between  the  surface  of  the  wash  and  the 
joist  which  supports  the  birch  twigs,  a  space  of  three  or  four  inches  is  unoccupied,  and 
holes  are  perforated  in  it,  to  admit  a  current  of  air,  either  from  the  atmosphere  or 
from  a  blowing  apparatus. 

If  the  wash  be  maintained  at  a  temperature  of  from  90  to  100°  F.,  and  the  supply 
of  liquid  duly  proportioned  to  the  mass  of  the  twigs,  a  charge  is  generally  acetified 
in  about  a  fortnight.  The  acetification  can  of  course  be  arrested  at  any  moment,  aud 
the  current  of  air  increased  or  diminished  at  will. 

Generally  in  England  much  larger  tuns  are  used  than  in  Germany,  the  larger  mass 
of  matter  thus  undergoing  oxidation  generating  so  much  heat  that  no  artificial  eleva- 
tion of  temperature  is  required  j  and  in  consequence  of  the  promotion  of  the  process 
in  this  way,  one  of  these  large  tuns,  fifteen  feet  wide  at  the  bottom,  fourteen  at  the 
top,  and  thirteen  high,  turns  out  as  much  vinegar  as  is  in  Germany  obtained  from 
six  tubs  eighteen  feet  high  and  four  feet  wide. 

B. — By  destructive  Distillation  of  Wood.    Pyroligneous  Acid. 

The  general  nature  of  the  process  of  destructive  distillation  will  be  found  detailed 
under  the  head  of  Distilllation,  Destructive  ;  as  well  as  a  list  of  products  of  the 
rearrangement  of  the  molecules  of  organic  bodies  under  the  influence  of  heat  in  closed 
vessels.  "We  shall,  therefore,  at  once  proceed  to  the  details  of  the  process  as  specially 
applied  in  the  manufacture  of  acetic  acid  from  wood. 

The  forms  of  apparatus  very  generally  employed  on  the  Continent  for  obtaining 
at  the  same  time  crude  acetic  acid,  charcoal,  and  tar,  are  those  of  Schwartz  and 
Reichenbach  ;  but  in  France  the  process  is  carried  out  with  special  reference  to  the 
production  of  acetic  acid  alone. 

The  following  is  a  description  of  that  in  use  at  Nuits  and  Rouen  : — 

Into  large  cylindrical  vessels  (Jig.  2)  made  of  rivetted  sheet  iron,  and  having 
at  their  top  and  side  a  small  sheet-iron  cylinder,  the  wood  intended  for  making 
charcoal  is  introduced.  To  the  upper  part  of  this  vessel  a  cover  of  sheet  iron,  b,  is 
adapted,  which  is  fixed  with  bolts.  This  vessel,  thus  closed,  represents,  as  we  see, 
a  vast  retort.  "When  it  is  prepared,  as  we  have  said,  it  is  lifted  by  means  of  a  swing 
crane,  c,  and  placed  in  a  furnace,  d  {fig.  3),  of  a  form  relative  to  that  of  the  vessel, 
and  the  opening  of  the  furnace  is  covered  with  a  dome,  e,  made  of  masonry  or 
brickwork.  The  whole  being  thus  arranged,  heat  is  applied  in  the  furnace  at  the 
bottom.  The  moisture  of  the  wood  is  first  dissipated,  but  by  degrees  the  liquor 
ceases  to  be  transparent,  and  becomes  sooty.  An  adapter  tube,  a,  is  then  fitted  to 
the  lateral  cylinder.  This  adapter  enters  into  another  tube  at  the  same  degree 
of  inclination  which  commences  the  condensing  apparatus.  The  means  of  con- 
densation vary  according  to  the  localities.  lu  certain  works  they  cool  by  nieans 
of  air,  by  making  the  vapour  pass  through  a  long  series  of  cylinders,  or  sometimes, 
even,  through  a  series  of  casks  connected  together ;  but  most  usually  water  is 
used  for  condensing,  when  it  cop  be  easily  procured  in  abundance.     The  most 
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simple  apparatus  emplo)'ed  for  this  purpose  consists  of  two  cylinders,  f  f  (^fig.  3), 
the  one  within  the  other,  and  which  leave  between  them  a  sufficient  space  to  allow  a 
considerable  body  of  water  to  circulate  along  and  cool 
2  the  vapours.    This  double  cylinder  is  adapted  to  the 

,  I  distilling  vessel,  and  placed  at  a  certain  inclination.  To 
the  first  double  tube,  f  f,  a  second,  and  sometimes  a 
third,  entirely  similar,  are  connected,  which,  to  save  space, 
return  upon  themselves  in  a  zigzag  fashion.  The  water  is 
set  in  circulation  by  an  ingenious  means  now  adopted  in 
many  different  manufactories.  From  the  lower  extremity, 
G,  of  the  system  of  condensers,  a  perpendicular  tube  rises, 
whose  length  should  be  a  little  more  than  the  most  ele- 
vated point  of  the  system.    The  water,  furnished  by  a 


reservoir,  l,  enters  by  means  of  the  perpendicular  tube  through  the  lower  part  of 
the  system,  and  fills  the  whole  space  between  the  double  cylinders.  When  the 
apparatus  is  in  action,  the  vapours,  as  they  condense,  raise  the  temperature  of  the 
water,  which,  by  the  column  in  l  g.  is  pressed  to  the  upper  part  of  the  cylinders, 
and  runs  over  by  the  spout  k.  To  this  point  a  very  short  tube  is  attached,  which 
is  bent  towards  the  ground,  and  serves  as  an  overflow. 

The  condensing  apparatus  is  terminated  by  a  conduit  in  bricks  covered  and  sunk 
in  the  ground.  At  the  extremity  of  this  species  of  gutter  is  a  bent  tube,  e,  which, 
discharges  the  liquid  product  into  the  first  cistern.  When  it  is  full,  it  empties  itself, 
by  means  of  an  overflow  pipe,  into  a  great  reservoir ;  the  tube  which  terminates  the 
gutter  plunges  into  the  liquid,  and  thus  intercepts  communication  with  the  inside  of 
the  apparatus.  The  disengaged  gas  is  brought  back,  by  means  of  pipes  m  l,  from 
one  of  the  sides  of  the  conduit  to  the  under  part  of  the  ashpit  of  the  furnace.  These 
pipes  are  furnished  with  stopcocks,  m,  at  some  distance  in  front  of  the  furnace,  for 
the  purpose  of  regulating  the  jet  of  the  gas,  and  interrupting,  at  pleasure,  communi- 
cation with  the  inside  of  the  apparatus.  The  part  of  the  pipes  which  terminates  in 
the  furnace  rises  perpendicularly  several  inches  above  the  ground,  and  is  expanded 
Ike  the  rose  of  a  watering-can,  n.  The  gas,  by  means  of  this  disposition,  can  dis- 
tribute itself  uniformly  under  the  vessel,  without  suffering  the  pipe  which  conducts  it 
to  he  obstructed  by  the  fuel  or  the  ashes. 

The  temperature  necessary  to  effect  the  carbonisation  is  not  at  first  considerable  • 
nowever,  at  the  last,  it  is  raised  so  high  as  to  make  the  vessels  red  hot ;  and  the  duration 
ot  the  process  is  necessarily  proportional  to  the  quantity  of  wood  carbonised.  For  a 
firf  fi  ^^""^  shall  contain  about  5  meters  cube  (nearly  6  cubic  yards),  8  hours  of 
fire  IS  sufficient.  It  is  known  that  the  carbonisation  is  complete  by  the  colour  of  the 
flameof  the  gas:  It  is  first  of  a  yellowish  red;  it  becomes  afterwards  blue,  when 
more  carbonic  ox.de  than  carburetted  hydrogen  is  evolved;  and  towards  the  end  U 
becomes  entirely  white,  -  a  circumstance  owing,  probably,  to  the  furnace  beine 
more  heated  at  this  period,  and  the  combustion  therefore  more  complete  There  i! 
still  another  means  of  knowing  the  state  of  the  process,  to  which  recourse  is  more 
i^f         that  IS  the  cooling  of  the  first  tubes,  which  are  not  suTounded  wi  h 
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taken  out  of  the  furnace  is  entirely  cooled,  its  cover  is  removed,  and  the  charcoal  is 
emptied.  Five  cubic  meters  of  wood  furnish  about  7  chaldrons  and  a  half  of  char- 
coal. 

Since  the  carbonisers  of  Reichenbach  and  Schwartz  are  employed  with  special 
reference  to  the  manufacture  of  wood  charcoal,  the  condensation  of  the  volatile  pro- 
ducts being  only  a  secondary  consideration,  they  will  be  more  appropriately  described 
under  the  head  of  Charcoal. 

In  England  the  distillation  is  generally  carried  out  in  large  iron  retorts,  placed 
horizontally  in  the  furnace,  tbe  process,  in  fact,  closely  resembling  the  distillation  of 

coal  in  the  manufac- 
4  ture  of  coal  gas,  ex- 

cepting that  the  re- 
torts are  generally 
larger,  being  some- 
times 4  feet  in  dia- 
meter, and  G  or  8 
feet  long.  Generally 
two,  or  even  three, 
are  placed  in  each 
furnace,  as  shown  in 
Jig.  4,  so  that  the 
fire  of  the  single 
furnace,  a,  plays  all 
round  them.  The 
doors  for  charging 
the  retorts  are  at  one 
end,  b  {fig.  5),  and 
the  pipe  for  carrying 
off  the  volatile  pro- 
ducts at  the  other,  c, 
by  which  they  are 
conducted,  first  to 
the  tar  condenser,  d, 
and  finally  through 
a  worm  in  a  large 
tub,  e,  where  the 
crude  acetic  acid  is 
collected. 

Of  course,  in  dif- 
ferent localities  an 
endless  variety  of 
modifications  of  the 
process  are  em- 
ployed. 

In  the  Forest  of 
Dean,  instead  of 
cylindrical  retorts, 
square  sheet  -  iron 
boxes  are  used,  4  ft. 
f.  in.  by  2  ft.  9  in., 
which  are  heated  in 
large  square  ovens. 

Dr.  Ure  gives  the 
following  description 
of  special  works  iu 
Glasgow : — 


The  cylinders  here  employed  are  G  feet  long,  and  both  ends  Foj«<=' *  1!"^^,,^^^°"^ 
the  brickwork.  One  end  has  a  disc,  or  round  plate  of  cast-,ron,well_  flatted  and 
firmly  bolted  to  it,  f-m  the  centre  of  wh:ch  an  jron  ^^^^ 


nches  in  diameter. 
The  diameter 


J  oceedTrnd  enters  at  a  right  angle  the  main  tube  of/^^g'^-f  ,  ^^J^^^^^^^ 
of  this  tube  may  be  from  9  to  14  inches,  according  to  the  number  cylinders.  1  ne 
other  end  of  thl  cylinder  is  called  the  mouth  of  the  retort ;  th.s  ,s  closed  by  a  d.sc  of 
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tlie  night.  Next  morning  the  door  is  opened,  the  charcoal  removed,  and  a  new 
charge  of  wood  introduced.  Tlie  average  product  of  crude  vinegar  is  35  gallons. 
It  is  much  contaminated  with  tar,  is  of  a  deep  brown  colour,  and  has  a  specific  gra- 
vity of  1-025.  Its  total  weight  is  therefore  about  300  lbs. ;  but  the  residuary  charcoal 
is  found  to  weigh  no  more. than  one-fifth  of  the  wood  employed;  hence  nearly  one- 
lialf  of  the  ponderable  matter  of  the  wood  is  dissipated  in  incondensable  gases. 

With  regard  to  the  relative  advantages  of  cylindrical  retorts  or  square  boxes, 
it  should  be  remarked,  that  the  cylinders  are  more  adapted  for  the  distillation  of  the 
large  billets  of  Gloucestershire  and  the  refuse  ship  timber  of  Glasgow,  Newcastle, 
and  Liverpool ;  but,  on  the  other  hand,  where  light  wood  is  used,  such  as  that  gene- 
rally carbonised  in  the  Welsh  factories,  the  square  oveus  answer  better. 


The  most  recent  and  ingenious  improvement  in  the  manufacture  of  pyroligneous 
acid  is  that  patented  by  the  late  Mr.  A.  G.  Halliday,  of  Manchester,  and  adopted  by 
several  large  manufacturers.  The  process  consi.sts  in  effecting  the  destructive 
distillation  of  waste  materials,  such  as  sawdust  and  spent  dyewoods,  by  causing 
them  to  pass  in  continuous  motion  through  heated  retorts.  For  this  purpose  the 
materials,  which  are  abnost  in  a  state  of  powder,  are  introduced  into  a  hopper,  h 
(fig-  6),  whence  they  descend  into  the  retort,  B,  being  kept  all  the  while  in  constant 
agitation,  and  at  the  same  time  moved  forward  to  the  other  end  of  the  retort  by 
means  of  an  endless  screw,  s.  By  the  time  they  arrive  there,  the  charge  has  been 
completely  carbonised,  and  all  the  pyroligneous  acid  evolved  at  the  exit  tube,  t.  The 
residuary  charcoal  falls  through  the  pipe  d  into  a  vessel  of  water,  e,  whilst  the  vola- 
tile products  escape  at  f,  and  are  condensed  in  the  usual  way. 

Several  of  these  retorts  are  generally  set  in  a  furnace  side  by  side,  the  retorts  are 
only  14  inches  in  diameter,  and  eight  of  these  retorts  produce  in  24  hours  as  much 
J  l%^f^^}^^  "Pon  the  old  system.    In  the  manufacturing 

districts  of  Lancashire  and  Yorkshire,  where  such  immense  quantities  of  spent  dve- 
^emnir^C  T  ^  "'^  annoyance  and  expense  for  their 

ihZi  :  1  ^'^f  f  aSovied  a  most  important  means  of  economically  converting 
them  into  valuable  products  —  charcoal  and  acetic  acid 

Mention  should  also  be  made  of  Messrs.  Solomons  and  Azulay's  patent  for  em- 
ploying superheated  steam  to  effect  the  carbonisation  of  the  wood,  which  is  passTd 
directly  ,nto  the  mass  of  materials  Since  the  steam  accompanies\he  volatileTro- 
bv  Pr^n  "".'^^'f'^y  ^^'^^^^^  ^"t  this  is  in  a  great  degree  compensated  for 

^rLl^r  i7-^P°"f'  to  concentrate  the  distilled  producfs,  by  causing  them  to 

traverse  a  coil  of  tubing  placed  ma  pan  of  the  distillates.  g  inem  lo 

f..V/  r^'"'!'  ^'f}^  of' acetic  acid  from  the  different  kinds  of  wood,  some  valuable 
facts  h_ave  been  collected  and  tabulated  by  Stolze.  in  his  work  on  Pyrorgneous 
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Carbonate 

of  Fotassu 

One  Pound  of  Wood. 

Weight 

ucuLrdiiseu 

w  eigoi  01 

of  Acid. 

by  One 
Ounce  of 
Acid. 

Charcoal. 

ozs. 

grs. 

OZS. 

Wnite  birch 

-  Betula  alba 

7' 
'8 

DO 

34 

Red  beech 

-  Fagus  sylvatica  - 

7 

Large-leaved  linden 

-  Tilia  pataphylla  - 

6? 

52 

.15 

•'b 

Oak 

-  Quercus  robur  - 

"8 

50 

41 

S^ 

Ash 

-  Fraxinus  excelsior 

7A 

'5 

44 

Horse  chestnut  - 

-  Esculus  hippocastanus 

73 

*T  1 

^1 
^5 

Lombardy  poplar 

-  Populus  diiatata 

7S 

'B 

40 

White  poplar 

-  Populus  alba 

'  8 

39 

3? 

Bird  cherry 

-  Prunus  padus 

7 

37 

3i 

Basket  -willow  - 

-  Salix 

7i 

'  8 

35 

3il 

Buckthorn 

-  Rhamnus  -      -  - 

7i 

34 

Logwood  - 

-  Hematoxylon  campechianum 

*  B 

35 

2 

Alder 

-  Alnus  ... 

7S 

'B 

30 

3t 

Juniper  - 

-  Juniperus  communis 

7^ 

29 

•1b 

White  fir  - 

-  Pinus  abies 

61 

29 

"*B 

Common  pine  - 

-  Pinus  sylvestris 

6i 

28 

34 

Common  savine 

-  Juniperus  sabina 

7 

27 

31 

Red  fir  - 

-  Abies  pectiuata  - 

°8 

25 

3,^ 

Properties  of  the  crude  PyroUgneous  Acid. 

The  crude  pyroligneous  acid  possesses  the  properties  of  acetic  acid,  combined  with 
those  of  the  pyrogenous  bodies  with  which  it  is  associated.  As  first  obtained,  it  is 
black,  from  the  large  quantity  of  tar  which  it  holds  in  solution  ;  and  although  cer- 
tain resins  are  removed  by  redistillation,  yet  it  is  impossible  to  remove  some  of  the 
empyreumatic  oils  by  this  process,  and  a  special  purification  is  necessary. 

In  consequence  of  the  presence  of  creosote,  and  other  antiseptic  hydrocarbons,  in 
the  crude  pyroligneous  acid,  it  possesses,  in  a  very  eminent  degree,  anti-putrescent 
properties.  Flesh  steeped  in  it  for  a  few  hours  may  be  afterwards  dried  in  the  air 
without  corrupting;  but  it  becomes  hard,  and  somewhat  leather-like:  so  that  this 
mode  of  preservation  does  not  answer  well  for  butcher's  meat.  Fish  are  sometimes 
cured  with  it. 


Purification  oj  Pyroligneous  Acid. 

This  is  efifected  either,  1st,  by  converting  it  into  an  acetate,  —  acetate  of  lime 

or  soda,  and  then,  after  the  purification  of  these  salts  by  exposure  to  heat  sufficient 

to  destroy  the  tar,  and  repeated  recrystallisation,  liberating  the  acid  again  by  distil- 
ling with  a  stronger  acid,  e.g.  sulphuric. 

Or,  2nd,  by  destroying  the  pyrogenous  impurities  by  oxidising  agents,  such  as 
binoxide  of  manganese  in  the  presence  of  sulphuric  acid,  &c. 

The  former  is  the  method  generally  adopted. 

After  the  naphtha  has  been  expelled,  the  acid  liquor  is  run  off  into  tanks  to  deposit 
part  of  its  impurities  ;  it  is  then  syphoned  off  into  another  vessel,  in  which  is  either 
milk  of  lime,  quicklime,  or  chalk ;  the  mixture  is  boiled  for  a  short  time,  and  then 
allowed  to  stand  for  24  hours  to  deposit  the  excess  of  lime  with  any  impurities  which 
the  latter  will  carry  down  with  it.    The  supernatant  liquor  is  then  pumped  mto  the 

^""Threvaforatfon  is  efifected  either  by  the  heat  of  a  fire  applied  beneath  the  evapo- 
rating pans,  or  more  frequently  by  a  coil  of  pipe  in  the  liquor  through  which  steam 
L  passed -  the  liquor  being  kept  constantly  stirred,  and  the  impurities  which  rise 
to  the  surface  during  the  process  carefully  skimmed  off. 

From  time  to  time,  as  the  evaporation  advances,  the  acetate  of  1""^  which  sepa- 
rates is  removed  by  ladles,  and  placed  in  baskets  to  drain ;  and  tt^^  residual  m^her- 
liquor  is  evaporated  to  dryness.    This  mass,  by  ignition,  is  converted  into  carbonate 

''\f"?he''a°cttatfof  Ume  have  been  procured  by  directly  saturating  t^^e  ^^^e  acid  it 
is  called  brown  acetate;  if  from  the  acid  once  purified  by  redisUUation,  it  is  called 
grey  acetate. 
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From  this  grey  acetate  of  lime  acetate  of  soda  is  now  prepared,  by  adding  sulphate 
of  soda  to  the  filtered  solution  of  the  acetate  of  lime.  In  performing  this  operation, 
it  is  highly  important  to  remembor  that,  for  every  equivalent  of  acetate  of  lime,  it  is 
necessary  to  add  two  equivalents  of  sulphate  of  soda,  on  account  of  the  formation  of 
a  double  sulphate  of  soda  and  lime.    The  equation  representiug  the  change  being:  — 

CaO,C*H»0'    +    2(NaO,SO')    =     NaO,C'H»0'    +    CaO,  S0=.    NaO,  SO' 

»  ,         /  <  ,  '         '  ,  ' 

Acetate  of  lime.  Acetate  of  soda.  Double  salt. 

Or,  if  sulphuric  acid  be  considered  as  a  bibasic  acid,  which  this  very  re-action  so 
strongly  justifies — 

C*H»(Ca)0'       +       Na=S=0«  =       C«H'(Na)0*       +  ^'"l-S^O' 

'  >  '   '  '  .  '  C-L^^ 

Acetate  of  lime.         Sulphate  of  soda.  A  cetate  of  soda.  Double  salt. 

If  this  point  be  neglected,  and  only  one  equivalent  of  sulphate  of  soda  be  used, 
one-half  of  the  acetate  of  lime  may  escape  decomposition,  and  thus  be  lost. 

After  the  separation  of  the  double  salt,  the  solution  of  acetate  of  soda  is  drawn  off, . 
any  impurities  allowed  to  subside,  and  then  concentrated  by  evaporation  until  it  has 
a  density  of  4-3  —  when  the  acetate  of  soda  crystallises  out,  and  may  be  further 
purified,  if  requisite,  by  another  re-solution  and  re-crystallisation.     The  contents  of 
the  mother  liquors  are  converted  into  acetone  and  carbonate  of  soda,  as  before. 

The  crystallised  acetate  of  soda  is  now  fused  in  an  iron  pot,  at  a  temperature  of 
about  400°,  to  drive  off  the  water  of  crystallisation,  the  mass  being  kept  constantly 
stirred.  A  stronger  heat  must  not  be  applied,  or  we  should  effect  the  decomposition 
of  the  salt. 

For  the  production  of  the  acetic  acid  from  this  salt,  a  quantity  of  it  is  put  into  a 
stout  copper  still,  and  a  deep  cavity  made  in  the  centre  of  the  mass,  into  which  sul- 
phuric acid  of  specific  gravity  1  -84  is  poured  in  the  proportion  of  35  per  cent,  of  the 
weight  of  the  salt ;  the  walls  of  the  cavity  are  thrown  in  upon  the  acid,  the  whole 
briskly  agitated  with  a  wooden  spatula.  The  head  of  the  still  is  then  luted,  and  con- 
nected with  the  condensing  worm,  and  the  distillation  carried  on  at  a  very  gentle 
heat.  The  worm  should  be  of  silver  or  porcelain,  as  also  the  still  head  ;  and  even 
silver  solder  should  be  used  to  connect  the  joinings  in  the  body  of  the  still.  The  still 
is  now  generally  heated  by  a  steam  "jacket."    See  Distillation. 

The  acid  which  passes  over  is  nearly  colourless,  and  has  a  specific  gravity  of  1-05. 
That  which  collects  at  the  latter  part  of  the  operation  is  liable  to  be  somewhat  era- 
pyreumatic,  and  therefore  before  this  point  is  reached  the  receiver  should  be  changed  • 
and  throughout  the  entire  operation,  care  should  be  taken  to  avoid  applying  too  high 
a  temperature,  as  the  flavour  and  purity  of  the  acid  wUl  invariably  suffer 

Any  trace  of  empyreuma  may  be  removed  from  the  acid  by  digestion  with  animal 
charcoal  and  redistillation. 

°^        ^^'^  crystallises  at  a  temperature  of  from  40°  to 
SH^^O'(o^C*H°O^HO)       ''^"^^  ^^''"'"^  "'"'^  ^^'""^  compound 

For  culinary  purposes,  pickUng,  &c.,  the  acid  of  specific  gravity  1-05  is  diluted 
pri^f  v'inegTr'      ^  °^      "^""^  "'""^"etli  as  Revenue 

Several  modificaflons  and  improvements  of  this  process  have  recently  been  intro- 
duced, which  require  to  be  noticed.  cv-cuuy  ueen  intro 

The  following  process  depends  upon  the  difficult  solubility  of  sulphate  of  soda  in 
strong  acetic  acids:-! 00  lbs.  of  the  pulverised  salt  being  put  X  a  hard  elazed 
stoneware  receiver,  or  deep  pan,  from  35  to  36  lbs.  of  conceLated  s^hurL  acId  are 
poured  in  one  stream  upon  the  powder,  so  as  to  flow  under  it.  The  mixture  of  the 
salt  and  acid  is  to  be  made  very  slowly,  in  order  to  moderate  the  action  and  the  heat 
generated,  as  much  as  possible.  After  the  materials  have  been  inlSate  contoct  for 
a  few  hours,  the  decomposition  is  effected  ;  sulphate  of  soHn  in  m-x-cfin-  *?,^ 
occupy  the  bottom  of  the  vessel,  and  acet  c  a^rthe  upnei  norS  mr^^^  ""''i 
partly  in  crystals.  A  small  portion  of  pure  acetafe  of 'Ce^rdded  it 
free  it  from  any  remainder  of  sulphate  of  soda,  leaving  only  a  litt°e  acPtntl  i.  '/ 
1^*2,  """"i  ^  ^'""^^  P"'-''""  °f  ^-^'P'^-te  of  soda  lay  tiU  rJmL  iti  u„i,f 

dryness,  whe^n  that  mineral  aTdTn'Ksting\^ist?  r  lltZ'Ts^SkS 

This  plan  of  superseding  a  troublesome  distillation,  which  is  due  to  M  MolWnt  f 

of  the  greatest  improvements  in  this  process,  and  depends  upt\l°e'?ns'JluS;  of  th: 
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sulphate  of  soda  in  acetic  acid.  The  sulphate  of  soda  thus  recovered,  and  -well 
drained,  serves  anew  to  decompose  acetate  of  lime  ;  so  that  nothing  but  this  cheap 
earth  is  consumed  in  carrying  on  the  manufacture.  To  obtain  absolutely  pure  acetic 
acid,  the  above  acid  has  to  be  distilled  in  a  glass  retort. 

Volckel  recommends  the  use  of  hydrochloric  instead  of  sulphuric  acid  for  de- 
composing the  acetate. 

The  following  is  his  description  of  the  details  of  the  process  :  — 
"  The  crude  acetate  of  lime  is  separated  from  the  tarry  bodies  which  are  deposited 
on  neutralisation,  and  evaporated  to  about  one-half  its  bulk  in  an  iron  pan.  Hydro- 
chloric acid  is  then  added  until  a  distinctly  acid  reaction  is  produced  on  cooling ;  by  this 
means  the  resinous  bodies  are  separated,  and  come  to  the  surface  of  the  boiling  liquid 
in  a  melted  state,  whence  they  can  be  removed  by  skimming,  while  the  compounds  of 
lime,  with  creosote,  and  other  volatile  bodies,  are  likewise  decomposed,  and  expelled 
on  further  evaporation.  From  4  to  6  lbs.  of  hydrochloric  acid  for  every  33  gallons  of 
wood  vinegar  is  the  average  quantity  required  for  this  purpose.  The  acetate  having 
been  dried  at  a  high  temperature  on  iron  plates,  to  char  and  drive  off  the  remainder 
of  the  tar  and  resinous  bodies,  is  then  decomposed,  by  hydrochloric  acid,  in  a  still 
with  a  copper  head  and  leaden  condensing  tube.  To  every  100  lbs.  of  salt  about  90  to 
95  lbs.  of  hydrochloric  acid  of  specific  gravity  ri6  are  required.  The  acid  comes 
over  at  a  temperature  of  from  100°  to  120°  C.  (212°  to  248°  F.),  and  is  very 
slightly  impregnated  with  empyreumatic  products,  while  a  mere  cloud  is  produced  in 
it  by  nitrate  of  silver.  The  specific  gravity  of  the  product  varies  from  1'058  to  1"061, 
and  contains  more  than  40  per  cent,  of  real  acid;  but  as  it  is  seldom  required  of  this 
strength,  it  is  well  to  dilute  the  90  parts  of  hydrochloric  acid  with  25  parts  of  water. 
These  proportions  then  yield  from  95  to  100  parts  of  acetic  acid  of  specific  gravity 
1-015. 

This  process  is  recommended  on  the  score  of  economy  and  greater  purity  of  pro- 
duct. The  volatile  empyreumatic  bodies  are  said  to  be  more  easily  separated  by  the 
use  of  hydrochloric  than  sulphuric  acid ;  moreover,  the  chloride  of  calcium  being  a 
more  easily  fusible  salt  than  the  sulphate  of  lime,  or  even  than  the  double  sulphate  of 
lime  and  soda,  the  acetic  acid  is  more  freely  evolved  from  the  mixture.  The  resinous 
bodies  also  decompose  sulphuric  acid  towards  the  end  of  the  operation,  giving  rise  to 
sulphurous  acid,  sulphuretted  hydrogen,  &c.,  which  contaminate  the  product. 

The  decomposition  of  acetate  of  lime  or  lead  by  means  of  sulphuric  acid  has  many 
inconveniences,  and  there  is  danger  of  the  product  being  contaminated  with  sulphuric 
acid.  Christl  *  was  therefore  induced  to  employ  hydrochloric  acid  as  a  decomposing 
agent,  and  has  found  that  when  this  acid  is  not  used  in  excess,  the  distillate  contains 
scarcely  an  appreciable  trace  of  chlorine.  A  mixture  of  100  lbs.  of  raw  acetate  of 
lime,  obtained  from  the  distiUation  of  wood,  and  containing  90  per  cent,  of  neutral 
acetate,  with  120  lbs.  of  hydrochloric  acid  (20°  Baume)  is  allowed  to  stand  during  a 
night,  and  then  distilled  in  a  copper  vessel.  The  application  of  heat  requires  to  be 
gradual  in  order  to  prevent  the  somewhat  thick  liquor  from  runnmg  over.  The 
product'  of  acetic  acid  amounts  to  about  100  lbs.  of  8°  B.  ;  it  has  a  famt  yellow 
colour  and  empyreumatic  odour,  which  may  be  perfectly  removed  by  treatment  with 
wood  charcoal  and  subsequent  rectification.  ,,,,,,,        .    j.  ,i  • 

In  order  to  obtain  the  acetate  of  lime  sufiiciently  pm-e,  Volckel  t  adopts  the  followmg 
p,.ocess  — The  raw  pyroligneous  acid  is  saturated  with  lime  without  previous  distil- 
lation A  part  of  the  resinous  substances  dissolved  in  the  acid  are  thus  separated  in 
combination  with  lime.  The  solution  of  impure  acetate  of  lime  is  allowed  to  stand 
imtil  it  becomes  clear,  or  it  is  filtered,  then  evaporated  in  an  iron  pan  to  about  one- 
half  and  hydrochloric  acid  added  until  a  drop  of  the  cooled  liquid  distinctly  reddens 
litmus-paper.  A  part  is  sometimes  distilled  off  in  a  copper  still,  in  order  to  obtain 
wood-spirit.  The  addition  of  acid  serves  to  separate  a  great  part  of  the  resin  still  held 
Tsoludon,  which  coUects  together  in  the  boiling  Uquid,  and  may  be  skimmed  off,  and 
Ukew  se  decomposes  the  compounds  of  lime  with  creosote,  and  some  other  imperfectly- 
known  volatiL  substances  which  are  driven  off  by  further  evaporation.  As  these 
vSe  substances  have  little  or  no  action  upon  litmus-paper,  its  being  reddened  by 
Uie  Suor  k  a  sign,  that  not  only  are  the  lime  compounds  of  these  substances  decom- 
poseKit  also  a^s^all  quantity  of  acetate  of  lime.  The  quantity  of  -"d  necessa  y 
for  this  purpose  varies,  and  depends  upon  the  nature  of  the  pyroligneous  acid  ^^^ich 
s  agafn^dependent  upon  the  quantity  of  the  water  '^ t^^--,  f>^°^.7^'t4,^ 
obtained.   Three  hundred  pints  of  wood-liquor  will  require  from  4  to  6  lbs.  of  hydro 

'^'t£  sSion  of  acetate  of  lime  is  evapoi^ted  to  dryness,  ^ 
applied  at  last,  in  order  to  remove  all  volatile  substances.    Both  operations  may  b<. 

*  Dinsler-s  Polytcch.  Jouru.  t  A.u,.  der  Chem.  und  riiarm. 
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performed  in  the  same  irou  paus ;  but  when  the  quantity  of  salt  is  large,  the  latter 
may  be  more  advantageously  etfeeted  upon  cast-iron  plates.  The  drying  of  the  salt 
requires  very  great  care,  for  the  empyreumatic  substances  adhere  very  strongly  to 
the  acetate  of  lime,  as  well  as  to  the  compound  of  resin  and  acetic  acid  mixed  with  it, 
and  when  not  perfectly  separated,  pass  over  with  the  acetic  acid  in  the  subsequent 
distillation  with  an  acid,  communicating- to  it  a  disagreeable  odour.  The  drying  must 
therefore  be  continued  until,  upon  cooling,  the  acetate  does  not  smell  at  all,  or  but  very 
slightly.  It  then  has  a  dirty  brown  colour.  The  acetic  acid  is  obtained  by  distillation 
with  hydrochloric  acid,  in  a  still  with  a  copper  head  and  leaden  condenser  ;  and  when 
proper  precautions  are  taken,  the  acetic  acid  does  nor  contain  a  trace  of  either  metal. 
The  quantity  of  hydrochloric  acid  required  cannot  be  exactly  stated,  because  the 
acetate  of  lime  is  mixed  with  resin,  and  already  fonned  chloride  of  calcium.  In  most 
instances  90  or  95  parts  by  weight  of  acid,  1'16  specific  gravity,  are  sufficient  to  de- 
compose completely  100  parts  of  the  salt,  without  introducing  much  hydrochloric  acid 
into  the  distillate. 

The  distilled  acetic  acid  possesses  only  a  very  faint  empyreumatic  odour,  very  dif- 
ferent from  that  of  the  raw  pyroligneous  acid ;  it  is  perfectly  colourless,  and  should 
only  become  slightly  turbid  on  the  addition  of  nitrate  of  silver.  If  the  acid  has  a 
yellowish  colour,  this  is  owing  to  resin  having  been  spirted  over  in  the  distillation. 
It  is  therefore  advisable  to  remove  the  resin,  —  which  is  separated  on  the  addition  of 
hydrochloric  acid,  and  floats  upon  the  surface  of  the  liquid, — either  by  skimming  or 
filtration  through  a  linen  cloth.  The  distilled  acid  has  a  specific  gravity  ranging 
between  1-058  and  r061,  containing  upwards  of  40  per  cent,  of  anhydrous  acetic  acid. 
It  is  rarely  that  acid  of  this  strength  is  required  ;  and  as  the  distillation  is  easier  when 
the  mixture  is  less  concentrated,  water  may  be  added  before  or  towards  the  end  of  the 
distillation.    Volckel  recommends  as  convenient  proportions  — 

100  parts  of  acetate  of  lime, 
90  to  95  hydrochloric  acid, 
25  parts  water, 

which  yield  from  95  to  100  parts  of  acetic  acid  of  l-lOh  specific  gravity;  150  litres  of 
raw  pyroligneous  acid  yield  about  50  lbs.  of  acetic  acid  of  the  above  specific  gravity. 

The  acid  prepared  in  this  way  may  be  still  further  purified  by  adding  a  small 
quantity  of  carbonate  of  soda  and  redistilling ;  it  is  thus  rendered  quite  free  from 
chlorine,  and  any  remaining  trace  of  colour  is  likewise  removed.  The  slight  empy- 
reumatic smell  may  be  removed  by  distilling  the  acid  with  about  2  or  .3  per  cent,  of 
acid  chromate  of  potash.   Oxide  of  manganese  is  less  efiBcacious  as  a  purifying  agent. 

Although  pure  acetic  acid  may  be  procured  by  the  distillation  of  vinegar,  the  whole 
of  the  acid  cannot  be  obtained  except  by  distilling  to  dryness,  by  which  means  the 
extractive  substances  are  burnt,  and  the  distillate  rendered  impure.  In  order  to 
obviate  this  difficulty.  Stein*  proposes  to  add  30  lbs.  of  salt  to  every  100  lbs.  of  vine- 
gar ;  the  boiling-point  is  thus  raised,  and  the  acid  passes  over  completely. 

Br  THE  Quick  Process  of  Ham,  when  the  fermentation  is  finished,  the  greatest 
care  ought  to  be  taken  that  all  access  of  air  is  excluded  from  the  wash,  and  that  its 
temperature  be  reduced  to,  and  maintained  at,  a  heat  below  the  point  where  acetifioa- 
tion  commences.  Those  who,  like  Messrs.  HiO,  Evans,  and  Co.,  of  Worcester  attach 
great  importance  to  the  fabrication  of  the  best  keeping  vinegars,  are  in  the  habit  of 
filtenng  the  fermented  wash,  and  also  of  storing  it  away  for  many  months  in  a  cool 
situation  ere  it  is  passed  through  the  acetifier ;  and  there  cannot  be  a  moment's  doubt 
concerning  the  great  value  of  this  practice,  not  only  as  regards  the  appearance  and 
JerZs'  ^  '"'P'*'*  and  sanitary  pro- 

All  recently  fermented  wash  contains  a  quantity  of  partiaUy  decomposed  eluten 

fnT'..  V^^P^"'^^'^  ""^'^ly'       t,y  far  the  larger  pS/Ss 

in  a  state  of  solution  through  the  agency  of  carbonic  acid  gas. 

1  ^  r  1*"       "•'^''''^       ^''™'''''  can  dissipate  the  carbonic  acid  and 

i^^P  1°  '     ^:r'T^  °^  i«  the  only  avS.abie 

remedy  for  though  heat  would  expel  the  carbonic  acid,  yet  it  would  at  the  same  th,  P 
drive  off  the  alcohol;  and  agitation  in  contact  with  air,  though  it  removL  the  cSn  c 
acid  would  tend  to  the  formation  of  acetic  acid,  by  which  the  gluteTwould  L  kent  i^n 
solution  more  decidedly  than  before,  and  thus  lead  to  the  production  o7a  urbid  ronl 

*  Polytech.  Centralblut,  1862,  p.  305. 
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be  removed  by  a  filter,  and  when  held  in  solution  by  carbonic  acid,  this  must  be 
slowly  expelled  by  keeping  at  a  temperature  too  low  for  acetification  to  take  place 
and  which  may  be  assumed  at  less  than  55°  F.  Fermented  wort  stored  away  at  this 
temperature  for  six  months  will  flow  to  the  acetifier  perfectly  limpid  and  bright  •  it 
will  cause  no  deposition  of  gluten  upon  the  birch  twigs,  and  thus  secure  complete 
oxidation  ;  it  will  rapidly  take  on  the  grateful  flavour  of  acetic  ether,  and  never 
become  tainted  by  the  formation  of  that  noxious  product  aldehyde,  which  so  frequently 
contaminates  ill-made  vinegar. 

Presuming,  however,  that  all  the  necessary  precautions,  with  respect  to  care  in 
washing,  fermenting,  and  keeping  the  wort,  have  been  attended  to,  we  may  now  pass 
on  to  the  acetifier,  that  is  to  say,  Ham's  acetifier. 

This  is  a  wooden  vat  or  vessel  {fig.  7)  about  12  feet  in  height,  and  from  7  to 
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8  feet  in  diameter,  closed  at  top  and  bottom,  except  at  the  opening  for  the  introduction 
of  the  wash  and  the  exit  of  the  vinegar.  The  sides  are  perforated  by  a  few  small 
holes  for  the  admission  of  air,  and  within  are  three  floors  or  partitions  perforated  with 
numerous  holes  for  the  passage  of  the  wash  through  them.  Upon  these  floors  are  laid 
bundles  of  birch  twigs,  to  favour  the  dispersion  and  division  of  the  fluid  which  passes 
through  the  acetifier,  and  is  thus  brought  into  the  most  immediate  contact  with  the 
oxygen  contained  in  the  vessel,  or  admitted  through  the  openings  in  its  sides.  The 
fluid  or  wash  is  admitted  at  the  top  of  the  acetifier,  and  suffered  to  trickle  slowly 
through  the  masses  of  birch  twigs  and  through  the  partitions,  thus  causing  a 
rapid  absorption  of  oxygen,  and  consequent  production  of  vinegar,  which  with  any 
undecomposed  wash  flows  out  at  the  bottom  of  the  vessel,  and  is  again  pumped  up  to 
the  top,  and  so  on  untU  the  process  is  finished.  If  we  examine  the  circumstances 
connected  with  the  formation  of  vinegar  in  this  way,  we  shall  perceive,  that  it  is  a 
case  of  partial  combustion,  or,  in  other  words,  an  example  in  which  an  organic  com- 
pound undergoes  oxidation  at  a  temperature  and  under  conditions  which  prevent  the 
completion  of  the  change. 

Every  one  must  have  observed  that  when  common  coals  are  thrown  upon  a  fire,  a 
volatile  portion  immediately  bursts  into  flame,  while  copious  particles  of  soot  or  carbon 
are  thrown  off  unbumt ;  though  of  the  other  constituent  of  the  coal,  that  is  to  say,  the 
hydrogen  gas,  no  particle  escapes  unoxidised.  This  arises  from  the  fact,  that,  except 
at  very  high  temperatures,  hydrogen  has  a  greater  aflSnity  for  oxygen  than  carbon 
has  ;  consequently,  as  the  supply  of  oxygen  from  atmospheric  air  in  the  immediate 
neighbourhood  is  limited,  the  hydrogen  seizes  upon  its  equivalent  to  the  exclusion  of 
the  carbon,  which,  therefore,  remains  and  constitutes  soot.  Exactly  in  the  same  way 
the  hydrogen  of  the  alcohol  in  the  wash  oxidises  to  the  exclusion  of  the  carbon,  and 
vinegar  is  formed  from  the  remaining  or  carbonaceous  element,  which  becomes  itself 
slightly  oxidised.    Thus  2  atoms  of  alcohol  are  composed  of :  — 

Carbon        -  -  -         -         -         "    *  atoms. 

Hydrogen     -         -  -         -  "  -6„ 

Oxygen        -  -  -  -  "  -2„ 
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whilst  acetic  acid  acid  or  pure  radical  vinegar  contains  of — 

Carbon  4  atoms. 

Hydrogen     -       --       --       --  -3„ 

Oxygen  .-------3„ 

If,  therefore,  we  suppose  the  contact  of  air  with  alcohol  to  have  led  to  the  absorption 
of  oxygen,  so  as  to  have  oxidised  three  atoms  of  hydrogen,  and  thus  produced  three 
atoms  of  water,  we  have  left  — 

Carbon  ---------4  atoms. 

Hydrogen  .-.-----3„ 

Oxygen  -2„ 

which,  by  the  mere  absorption  of  another  atom  of  oxygen,  becomes  — 

Carbon  -       -       -       -       -       -       -  -    4  atoms. 

Hydrogen     -       --       --       --  -3„ 

Oxygen  3„ 

or  pure  acetic  acid,  with  which  the  water  produced  from  the  hydrogen  remains  in 
imion  and  forms  vinegar.  From  the  above  it  follows,  that  as  tke  oxidisation  of 
hydrogen  generates  heat  or  caloric,  there  ought  to  be  a  very  appreciable  rise  in  tem- 
perature during  the  passage  of  the  wort  through  the  acetifier.  And,  in  practice,  this 
is  found  to  be  the  case ;  so  that  precautions  are  needed  to  prevent  the  heat  from  rising 
so  high  as  to  vaporise  the  remaining  alcohol  of  the  wash.  The  temperature  sought 
to  be  obtained  is  about  90°  to  92°  F.,  at  which  oxidation  goes  on  freely,  and  the  loss 
of  alcohol  is  moderate.  In  using  the  word  moderate,  we  speak  practically  rather  than 
chemically  ;  for  in  reality  the  loss  is  very  serious  with  strong  worts.  From  practical 
results,  conducted  with  more  than  ordinary  care,  it  has  been  ascertained  that  about 
one-third  of  all  the  extractive  matter  of  the  malt  and  grain  is  lost  or  dissipated  during 
the  processes  of  fermentation  and  acetification.  Thus,  a  wort  having  a  specific  gravity 
of  r072,  or,  in  technical  language,  weighing  about  26  lbs.  per  barrel,  affords  vinegar 
containing  5-4  per  cent,  of  pure  acetic  acid,  and  a  residuary  extract  of  10  lbs.  from 
36  gallons.  The  former  of  these  would  indicate  35  lbs.  of  sugar,  or  13-7  lbs.  per 
barrel  of  gravity ;  whilst  the  latter  shows  3-8  lbs.  per  barrel ;  the  two  united  being 
only  17-5  lbs.  instead  of  26,  the  original  weight.  The  loss,  therefore,  has  been  8-5  lbs., 
or  from  a  specific  gravity  of  1  -072  to  less  than  1  -050.  This  prodigious  destruction  of 
extract  seems  to  imply  that  great  improvements  may  yet  take  place  in  the  manufacture 
of  vinegar. 

The  manufacture  of  vinegar,  by  Ham's  process,  is  an  extremely  interesting  opera- 
tion, and  when  conducted  with  proper  care  furnishes  results  of  the  most  satisfactory 
and  uniform  character.  These,  however,  are  not  to  be  obtained  without  a  vast 
amount  of  experience  and  the  most  vigilant  attention  on  the  part  of  the  manufacturer. 
Thus  a  difference  in  the  water,  in  the  malt,  in  the  mode  of  washing,  in  the  cooling  of 
the  wa^t,  or  in  the  fermentation  of  the  wort,  will  each  give  rise  to  modifications  in 
the.  aCfctifying  process  which  no  subsequent  skill  or  labour  can  rectify.  There 
seems  no  doubt  that  the  most  important  points  in  Ham's  method  are  the  cooling 
and  fermentation  of  the  wort ;  though,  where  perfection  is  sought  for,  no  one  of 
the  other  conditions  can  be  omitted  or  neglected  with  impunity.  We  shall  therefore 
proceed  to  treat  of  these  conditions  seriatim,  rather  than  in  the  order  of  their  import- 
ance. At  first  sight  it  might  be  supposed  that  the  purer  the  water  the  better ;  that  is 
to  say,  the  less  the  amount  of  earthy  or  saline  constituents  the  more  valuable  the 
water  would  be  for  making  vinegar.  Experience,  however,  teaches  us  the  contrary  ; 
and  science  confirms  the  truth  of  this  teaching,  by  pointing  out  the  real  nature  of  the 


opera  ion.  When  pure  water  is  made  to  act  at  a  high  temperature  upon  the  ordinary 
ingredients  of  a  vinegar-maker's  mash  tun,  it  is  not  alone  the  sugar,  gum,  and  starch 
of  the  gram  which  enters  into  solution,  for  under  such  circumstances  the  gluten  is 
also  dissolved  ;  but  this  gluten  is  composed  of  vegetable  albumen  and  vegetable 
gelatine,  the  former  of  which,  as  is  well  known,  is  capable  of  being  decomposed  and 
precipitated  by  many  earthy  and  metallic  salts,  of  which  the  sulphate  of  linie  fs  oTc 
If,  therefore  this  salt  exists  in  the  water  employed  for  the  fabrication  of  vinegar  or  of 
±r ''^^^'^„!7,°"Z!i'  r*-"  ""'^  -  no  vegetable  albumen,  consequfmlV!  the 


   ..."  w..iaiu  ,nut!  ur  no  vegetaoie  albumen;  consequentlv  thp 

vinegar  or  beer  made  with  such  water  never  becomes  cloudy  or  ropy^as  haonens 
when  pure  water  is  used,  for  these  defects  arise  from  an  excess  oLTbum  iio^^ 

of  sulpnate  of  hme ;  and  the  spring  water  of  Worcester,  which  is  employed  bv  tlS 
extensive  firm  ot  Hill,  Evans,  and  Co.,  in  that  city,  vinegar-makers  cSn..^,,.  ! 
very  large  amount  of  sulphate  of  lime,  and  no  doubt  coSutes  n   n  .  f  i 
ma^njainrng  the  well-established  reputationof  that  firm.' wtn^v^^^ 
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sulphate  of  lime  exists  in  water,  -without  the  presence  of  any  noxious  ingredient 
such  water  may  always  be  relied  upon  as  favourable  for  the  production  of  good  beer 
and  vinegar. 

As  regards  the  malt,  or  rather  the  mixture  of  malt  and  grain,  employed  for  the  pro- 
duction of  wort,  the  common  Scotch  distillers'  formula  is  the  best,  containing,  as  it 
always  does,  a  considerable  per-centage  of  oats,  for  the  long  husk  of  the  oat  greatly 
facilitates  the  operation  of  draining,  and  thus  secures  the  thorough  separation  of  the 
wort  from  the  spent  grains. 

In  practice  it  is  found  necessary  to  ferment  only  two  gravities,  a  high  and  a  low, 
all  the  other  qualities  of  vinegar  being  made  by  mixing  or  diluting  these  after 
acetification.  The  most  common,  and  unquestionably  the  best,  gravity  for  fermenta- 
tion is  that  which  in  technical  language  weighs  about  20  lbs.,  or  has  a  specific  gravity 
of  1-056  ;  the  other,  or  that  intended  for  strong  or  proof  vinegar,  being  of  specific 
gi-avity  1-072  :  this  latter  ^ords  a  vinegar  containing  about  5J  per  cent,  of  anhydrous 
acetic  acid.  * 

In  every  instance  the  fermentation  must  be  carried  to  its  utmost  limit,  or  to  zero  at 
least ;  and  in  cooling  the  wort  prior  to  fermentation,  great  care  must  be  used  to  pre- 
vent the  accession  of  the  acetous  fermentation  before  the  yeast  is  added ;  for  if  this 
happens  to  any  considerable  extent,  the  nitrogenised  matter  of  the  yeast  is  then  per- 
manently retained  in  solution  by  the  acetic  acid,  and  this  may  give  rise  to  the  incon- 
venience called  the  "mother."  To  secure  a  perfect  vinegar  by  Ham's  process,  as 
much  attention  is  required  during  the  cooling  and  fermentation  as  for  the  finest  ale ; 
and  this  axiom  cannot  be  too  strongly  inculcated  into  the  minds  of  vinegar-makers. 
The  heat  of  the  fermenting  tun  should  not  exceed  75°  F.,  as  the  alcohol  formed  by 
the  process  is  apt  at  higher  temperatures  to  pass  off  in  considerable  quantity  with  the 
carbonic  acid,  and  thus  give  rise  to  a  loss  of  vinegar.  Presuming  that  the  fermenta- 
tion has  been  well  conducted,  and  that  the  specific  gravity  of  the  wash  is  as  low  as 
water,  or  1-000,  the  next  step  is  to  pass  it  through  that  apparatus  which  constitutes  the 
great  peculiarity  of  Ham's  process.    This  apparatus  is  called  the  acetifier. —  Ure. 


C.  —  Manufacture  of  Acetic  Acid  froin  Acetate  of  Copper. 

Before  the  process  for  pyroligneous  acid,  or  wood  vinegar,  was  known,  there  was 
only  one  method  of  obtaining  strong  vinegar  practised  by  chemists ;  and  it  is  still 
followed  by  some  operators,  to  prepare  what  is  called  radical  or  aromatic  vinegar. 
This  consists  in  decomposing,  by  heat  alone,  the  crystallised  binacetate  of  copper, 
commonly,  but  improperly,  called  distilled  verdigris.    With  this  view,  we  take  a 

8  stoneware  retort  {fig.  8), 

of  a  size  suited  to  the 
quantity  we  wish  to  ope- 
rate upon,  and  coat  it  with 
a  mixture  of  fireclay  and 
horsedung,  to  make  it 
stand  the  heat  better. 
When  this  coating  is  dry, 
we  introduce  into  the  re- 
tort the  crystallised  ace- 
tate slightly  bruised,  but 
very  dry ;  we  fill  it  as 
far  as  it  will  hold  without  spilling  when  the  beak  is  considerably  inclined.  We  then 
set  it  in  a  proper  furnace.  We  attach  to  its  neck  an  adopter  pipe,  and  two  or  three 
elobes  with  opposite  tubulures,  and  a  last  globe  with  a  vertical  tubulure.  The  appa- 
ratus  is  terminated  by  a  Welter's  tube,  with  a  double  branch  ;  the  shorter  issues  from 
the  last  globe,  and  the  other  dips  into  a  flask  filled  with  distilled  vinegar.  Every 
*hine  being  thus  arranged,  we  lute  the  joinings  with  a  putty  made  of  pipeclay  and 
linseed  oil,  and  cover  them  with  glue  paper.  Each  globe  is  placed  m  a  separate  basin 
of  cold  water,  or  the  whole  may  be  put  into  an  oblong  trough,  through  which  a  con- 
stant stream  of  cold  water  is  made  to  flow.  The  tubes  must  be  allowed  a  day  to  dry. 
Next  day  we  proceed  to  the  distillation,  tempering  the  heat  very  nicely  at  t^e  begin- 
ning, and  increasing  it  by  very  slow  degrees  till  we  see  the  drops  follow  each  other 
pretty  rapidly  from  the  neck  of  the  retort,  or  the  end  of  the  adopter  tube.  The 
vapours  which  pass  over  are  very  hot,  whence  a  series  of  globes  are  nece.ssaiy  to 
condense  them.  We  should  renew,  from  time  to  tune,  the  water  of  the  basins,  and 
keep  moist  pieces  of  cloth  upon  the  globes  ;  but  this  demands  great  care,  f  f  "y  'J 
the  fire  be  a  little  too  brisk,  for  the  vessels  become,  in  that  case,  so  hot,  that  they 
would  infallibly  be  broken  if  touched  suddenly  with  cold  water.  It  always  easy 
for  us  to  regulate  this  operation  according  to  the  emission  of  gas  from  the  extremity 
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of  the  apparatus.  When  the  air  bubbles  succeed  each  other  with  great  rapidity,  we 
must  damp  the  fire.  .  .  . 

The  liquor  which  passes  in  the  first  half  hour  is  weakest ;  it  proceeds,  in  some 
measure,  from  a  little  water  sometimes  left  in  the  crystals,  which,  when  well  made, 
however,  ought  to  be  anhydrous.  A  period  arrives  towards  the  middle  of  the  process 
when  we  see  the  extremity  of  the  beak  of  the  retort,  and  of  the  adopter,  covered  witli 
crystals  of  a  lamellar  or  needle  shape,  and  of  a  pale  green  tint.  By  degrees  these 
crystals  are  carried  into  the  condensed  liquid  by  the  acid  vapours,  and  give  a  colour 
to  the  product.  These  crystals  are  merely  some  of  the  cupreous  salt  forced  over  by 
the  heat.  As  the  process  approaches  its  conclusion,  we  find  more  difiiculty  in  raising 
the  vapours  ;  and  we  must  then  augment  the  intensity  of  the  heat,  in  order  to  continue 
their  disengagement.  Finally,  we  judge  that  the  process  is  altogether  finished,  when 
the  globes  become  cold,  notwithstanding  the  furnace  is  at  the  hottest,  and  when  no 
more  vapours  are  evolved.  The  fire  may  then  be  allowed  to  go  out,  and  the  retort 
to  cool. 

As  the  acid  thus  obtained  is  slightly  tinged  with  Copper,  it  must  be  rectified  before 
bringing  it  into  the  market.  For  this  purpose  we  may  make  use  of  the  same  appa- 
ratus, only  substituting  for  the  stoneware  retort  a  glass  one,  placed  in  a  sand-bath. 
All  the  globes  ought  to  be  perfectly  clean  and  dry.  The  distillation  is  to  be  con- 
ducted in  the  usual  way.  If  we  divide  the  product  into  thirds,  the  first  yields  the 
feeblest  acid,  and  the  third  the  strongest.  We  could  not  push  the  process  quite  t(i 
di-yness,  because  there  remain  in  the  last  portions  certain  impurities  which  would 
injure  the  flavour  of  the  acid. 

The  total  acid  thus  obtained  forms  nearly  one-half  of  the  weight  of  the  acetate 
employed,  and  the  residuum  forms  three-tenths ;  so  that  about  two-tenths  of  the  acid 
have  been  decomposed  by  the  heat,  and  are  lost. —  Ure. 

Other  metallic  acetates  may  be  used  instead  of  the  acetate  of  copper,  but  with 
variable  results  as  to  the  amount  of  acetic  acid  which  they  yield.  Acetates  which 
have  easily  reducible  oxides — as  those  of  copper,  silver,  mercury,  lead,  &c.  —  afford 
a  larger  proportion  of  acetic  acid ;  but  acetone  marsh  gas,  as  well  as  carbonic  oxide 
and  carbonic  acid,  invariably  accompany  it.  The  acetate  of  silver  gives  no  acetone ; 
whilst  those  of  the  alkaline  earths  yield  chiefly  acetone  or  marsh  gas,  being  converted 
into  carbonates.    See  Acetone. 

Anhydrous  Acetic  Acid,  as  made  by  Gerhardt,  is  obtained  by  mixing  perfectly  dry 
fused  acetate  of  potash  with  about  half  its  weight  of  chloride  of  benzoyle,  and  ap- 
plying a  gentle  heat ;  when  a  liquid  distils  over,  which,  after  being  rectified,  has  a 
constant  boiling  point  of  279°  F.,  and  is  heavier  than  water,  with  which  it  does  not  mix 
until  after  it  has  been  agitated  with  it  for  some  time.  It  dissolves  at  once  in  hot  water, 
forming  acetic  acid. 

Impurities  and  Adulterations. 

In  order  to  prevent  the  putrefactive  change  which  often  takes  place  in  vinegar, 
when  carelessly  prepared  by  the  ferm.entation  of  malt  wine,  &c.,  it  was  at  one  time 
supposed  to  be  necessary  to  add  a  small  quantity  of  sulphuric  acid.  This  notion  has 
long  since  been  shown  to  be  false;  nevertheless,  since  the  addition  of  1  part  of  sul- 
phuric acid  to  1000  of  vinegar  was  permitted  by  an  Excise  regulation,  and  thus  the 
practice  has  received  legal  sanction,  it  is  still  continued  by  many  manufacturers.  So 
long  as  the  quantity  is  retained  within  these  limits,  and  if  pure  sulphuric  acid  be  used 
Cgreat  care  being  taken  that  there  is  no  arsenic  present  in  such  oil  of  vitriol,  as  is  not 
unfrequently  the  case  in  inferior  varieties),  no  danger  can  ensue  from  the  habit ;  but 
occasionally  the  quantity  is  much  overpassed  by  dishonest  dealers,  of  whom  it  is  to 
be  hoped  there  are  but  few. 

Dr.  Ure  mentions  having  found  by  analysis  in  a  sample  of  vinegar,  made  by  one 
of  the  most  eminent  London  manufacturers,  with  which  he  supplied  the  public  no 
less  than  175  grains  of  the  strongest  oil  of  vitriol  per  gallon,  added  to  vinegar  con- 
taining only  3,<|5  per  cent,  of  real  acetic  acid,  giving  it  an  apparent  strength  after  all 
of  only  4  per  cent,  whereas  standard  commercial  vinegar  is  rated  at  5  per  cent. 

The  methods  of  determining  sulphuric  acid  will  be  given,  once  for  all  under  the 
head  of  Acidimetrt,  and  therefore  need  not  be  described  in  every  case  where 
It  occurs  :  the  same  remark  applies  to  hydrochloric  acid  and  others 

Hydrochloric  acid  is  rarely  intentionally  added  to  vinegar  ;  but  it  may  accidentally 
be  present  when  the  pyroligneous  acid  has  been  purified  bv  Volckel's  process  It'  is 
JSfe^f  nSicad^*''''  ^^'"^  ^'^^  solution  of  nitrate  of  silver' in  the 

Nitric  acid  is  rarely  found  in  vinegar.  For  its  method  of  detection,  see  Nitric  A  cm. 

them^brdistiiratifn""^  ^  ""'"^       "^'''^''^  '  P^^fi'^^  ^'"^ 
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Sulphurous  acid  is  occasionally  met  with  in  pyroligneous  acid.  This  is  recognised 
by  Its  bleaching  action  on  delicate  vegetable  colours,  and  by  its  conversion,  under  the 
influence  of  nitric  acid,  into  sulphuric  acid,  which  is  detected  by  chloride  of  barium. 

Sulphuretted  hydrogen  is  detected  by  acetate  of  lead  giving  a  black  colouration  or 
precipitate. 

Metallic  Sails. — If  care  be  not  taken  in  constructing  the  worm  of  the  still  of  silver 
or  earthenware,  distilled  acetic  acid  is  frequently  contaminated  with  small  quantities 
of  metal  from  the  still,  copper,  lead,  tin,  Ssc.  These  metals  are  detected  by  the  addi- 
tion of  sulphuretted  hydrogen,  as  is  fully  discussed  under  the  head  of  the  individual 
metals.  Copper  is  the  most  commonly  found,  and  it  may  be  detected  in  very  minute 
quantities  by  the  blue  colour  which  the  solution  assumes  ou  being  supersaturated  with 
ammonia. 

It  is  not  uncommon  to  add  to  pyroligneous  acid,  a  little  colouring  matter  and  acetic 
ether,  to  give  it  the  colour  and  flavour  of  wine  or  malt  vinegar  ;  hut  this  can  hardly 
be  called  an  adulteration. 

The  presence  of  the  products  of  acetification  of  cider  may  be  detected  by  neutral- 
ising the  vinegar  with  ammonia,  and  then  adding  solution  of  acetate  of  lime.  Tar- 
trate of  lime  is,  of  course,  precipitated  from  the  wine  vinegar,  while  the  pearly 
malic  acid  of  the  cider  affords  no  precipitate  with  the  lime,  but  may  be  detected  by 
acetate  of  lead,  by  the  glistening  pearly  scales  of  malate  of  lead,  hardly  soluble  in  the 
cold. 

Uses  of  Acetic  Acid. 

Acetic  acid  is  extensively  employed  in  the  arts,  in  the  manufacture  of  the  various 
acetates,  especially  those  of  alumina  and  iron,  so  extensively  employed  in  calico 
printing  as  mordants,  sugar  of  lead,  &c.  It  is  likewise  used  in  the  preparation  of 
varnishes,  for  dissolving  gums  and  albuminous  bodies  ;  in  the  culinary  arts,  especially 
in  the  manufacture  of  pickles  and  other  condiments ;  in  medicine,  externally,  as  a 
local  irritant,  and  internally,  to  allay  fever,  &c. 

For  the  treatment  in  cases  of  poisoning,  we  refer  to  Taylor,  Pereira,  and  other 
medical  authorities. — H.  M.  W. 

The  following  Table  from  the  "  Statistical  Abstract "  will  give  an  idea  of  the 
progress  and  extent  of  the  vinegar  trade  :  — 


1841. 

1842. 

1843. 

1844. 

1845. 

184G. 

Home  manufac- 
ture (gallons) 
Imports 

Of  these  retain- 
ed for  home 
consumption  - 

3,102,098 
53,695 

22,205 

3,175,722 
41,311 

18,139 

2,993,061 
21,784 

14,143 

2,828,043 
88,722 

63,029 

195,967 
74,236 

93,821 
73,079 

Our  importations  were  in  1856  as  follows,  according  to  the  Trade  and  Navigation 
returns : — 


Hanover 
Hanse  Towns 
Holland 
France 
Portugal 
Spain  - 
Other  parts  - 


Gallons. 
1,156 
357 
3,675 
26,285 
241 
236 
2,890 

35,516 


Computed  Real  Value. 
£72 
22 
272 
1,642 
15 
15 
181 


£2,219 


At  present  there  are  in  this  country  about  fifty  manufacturers,  who  make  about 
4,000,000  gallons  annually ;  of  these  the  five  principal  ones  are  in  London,  and  they 
make  nearly  half  the  entire  quantity.  ,^      ..     ^,    „,,„„„.i,  „f  .„;„„<,„r 

ACETIMETER.    An  apparatus  used  for  determining  the  strength  of  ymegar. 
■  ACETIMETRY     DetZination  of  the  Strength  of  Vinegar.-U  in  vmegars  we 
weVe  deal  ng  with  mixtures  of  pure  acetic  acid  and  water,  the  determmation  of  the 
density  might  to  a  certain  extent  afford  a  criterion  of  the  ^t'-e^g^h  of  the  solu^^^o^^^ 
burvinegar,  especially  that  obtained  from  wine  and  malt,  invarmbly  contains  g  u  en 
saccharine,  and  mucilaginous  matters,  which  increase  its  density  and  rende.  this 
method  altogether  fallacious. 
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The  only  accurate  means  of  determining  the  strength  of  vinegar  is  by  ascertaining 
the  quantity  of  carbonate  of  soda  or  potash  neutralised  by  a  given  weight  of  the  vine- 
gar under  examination.  This  is  performed  by  adding  to  the  vmegar  a  standard 
folution  of  the  alkaline  carbonate  of  known  strength  from  a  bruette,  until,  after  boil- 
ing to  expel  the  carbonic  acid,  a  solution  of  litmus  previously  mtroduced  mto  the 
liquid  is  distinctly  reddened. 

The  detaUs  of  this  process,  which  is  equally  applicable  tommeral  and  other  organic 
acids,  will  be  found  fully  described  under  the  head  of  AcromETET. 

Roughly,  it  may  be  stated  that  every  53  grains  of  the  pure  anhydrous  carbonate  of 
soda,  or  every  69  grains  of  carbonate  of  potassa  (i.e.  one  equivalent),  correspond  to 
60  grains  of  acetic  acid  (C''  H-"  O*).* 

It  is  obvious  that  preliminary  examinations  should  be  made  to  ascertain  if  sul- 
phuric, hydrochloric,  or  other  mineral  acids  are  present ;  and,  if  so,  their  amount 
determined,  otherwise  they  will  be  reckoned  as  acetic  acid. 

The  British  malt  vinegar  is  stated  in  the  London  Pharmacopoeia  to  require  a  drachm 
(60  grains)  of  crystallised  carbonate  of  soda  (which  contains  1 0  equivalents  of  water 
of  crystallisation)  for  saturating  a  fluid  ounce,  or  4'46  grains  ;  it  contains,  in  fact,  from 
4-6  to  5  per  cent,  of  real  acetic  acid. 

The  same  authorities  consider  that  the  purified  pyroligneous  acid  should  require  87 
grains  of  carbonate  of  soda  for  saturating  100  grains  of  the  acid. 

Dr.  Ure  suggests  the  use  of  the  bicarbonate  of  potash.  Its  atomic  weight,  referred 
to  hydrogen  as  unity,  is  100'584,  while  the  atomic  weight  of  acetic  acid  is  51'563  ;  if 
we  estimate  2  grains  of  the  bicarbonate  as  equivalent  to  1  of  the  real  acid,  we  shall 
commit  no  appreciable  error.  Hence  a  solution  of  the  carbonate  containing  200 
grains  in  100  measures  will  form  an  acetimeter  of  the  most  perfect  and  convenient 
kind ;  for  the  measures  of  test  liquid  expended  in  saturating  any  measure  — for  instance, 
an  ounce  or  1000  grains  of  acid — will  indicate  the  number  of  grains  of  real  acetic 
acid  in  that  quantity.  Thus,  1000  grains  of  the  above  proof  would  require  50  measures 
of  the  acetimetrical  alkaline  solution,  showing  that  it  contains  50  grains  of  real  acetic 
acid  in  1000,  or  5  per  cent. 

Although  the  bicarbonate  of  potash  of  the  shops  is  not  absolutely  constant  in  com- 
position, yet  the  method  is  no  doubt  accurate  enough  for  all  practical  purposes. 

The  acetimetrical  method  employed  by  the  Excise  is  that  recommended  by  Messrs. 
J.  and  P.  Taylor  t,  and  consists  in  estimating  the  strength  of  the  acid  by  the  specific 
gravity  which  it  acquires  when  saturated  by  hydrate  of  lime.  Acid  which  contains 
5  per  cent,  of  real  acid  is  equal  in  strength  to  the  best  malt  vinegar,  called  by  the 
makers  No.  24,  and  is  assumed  as  the  standard  of  vinegar  strength,  under  the  deno- 
mination of  "  proof  vinegar."  J  Acid  which  contains  40  per  cent,  of  real  acetic  acid  is, 
therefore,  in  the  language  of  the  Revenue,  35  per  cent,  over  proof;  it  is  the  strongest 
acid  on  which  duty  is  charged  by  the  acetimeter.  In  the  case  of  vinegars  which  have 
not  been  distilled,  an  allowance  is  made  for  the  increase  of  weight  due  to  the  mucilage 
present;  hence,  in  the  acetimeter  sold  by  Bate,  a  weight,  marked  m,  is  provided,  and 
is  used  in  trying  such  vinegars.  As  the  hydrate  of  lime  employed  causes  the  pre- 
cipitation of  part  of  the  mucilaginous  matter  in  the  vinegar,  it  serves  to  remove  this 
ditficulty  to  a  certain  extent,    (fereira.) — H.  M.  W. 

ACETONE,  syn.  pyroacetic  spirit,  inesitic  alcohol,  pyroacetic  ether.  C"  H°  O^.  A 
volatile  fluid  usually  obtained  by  the  distillation  of  the  acetates  of  the  alkaline 
earths.  It  is  also  obtained  in  a  variety  of  operations  where  organic  matters  are  ex- 
posed to  high  temperature.  Tartaric  and  citric  acids  yield  it  when  distilled.  Sugar, 
gum,  or  starch,  when  mixed  with  lime  and  distiUed,  afford  acetone.  If  crude  acetate 
of  lime  be  distilled,  the  acetone  is  accompanied  by  a  small  quantity  of  ammonia 
and  traces  of  methylamine.  The  latter  is  due  to  the  nitrogen  contained  in  the 
wood  ;  the  distillate  from  which  was  used  in  the  preparation  of  the  acetate  of  lime. 
Crude  acetone  may  be  purified  by  redistilling  it  in  a  water-bath.  A  small  quantity 
of  slaked  lime  should  be  added  previous  to  distillation,  to  combine  with  any  acid  that 
may  be  present.  When  pure,  it  forms  a  colourless  mobile  fluid,  boiling  at  133°  F.  Its 
density  at  18°  is  07921,  at  32°  it  is  0'8140.  The  density  of  its  vapour  was  found  by  ex- 
perimenttobe2-00;  theory  requires2'01,  supposing  six  volumes  of  carbon  vapour,  twelve 
volumes  of  hydrogen,  and  two  volumes  of  oxygen  to  be  condensed  to  four  volumes 
When  acetone  is  procured  from  acetate  of  lime,  two  equivalents  of  the  latter  are  decom- 
posed, yielding  one  equivalent  of  acetone,  and  two  equivalents  of  carbonate  of  lime  It 
has  been  found  that  a  great  number  of  organic  acids,  when  distilled  under  similar  cir- 

„„1 ""I'^ru^^'T''"'"' commercial  language,  mention  is  made  of  rent  acetic  acid,  tlie  hvDothetical 
compound  C'>H303  is  meant :  but  it  would  be  better  in  future  always  to  give  the  per  cent.iee  of  nJLH^ 
ac.d  CH^O^-for  the  body  0-430=  is  altogether  hypothetical-never  having  y7t  &Tscovered  S^^^^ 
the  remarks  on  Anhydrous  Acetic  Add  at  the  commencement  of  this  article. -H  '"^<=°>'e'-eu.  bee 

t  Quarterly  Journal  of  Science,  vi.  255.  t.'iSGeoIII   c  C) 
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c^mstances  yield  bodies  bearing  the  same  relation  to  the  parent  acid  that  acetone  does 
to  acetic  acid:  this  lact  has  caused  the  word  acetone  to  be  used  of  late  in  a  more  ex- 
tended sense  than  formerly.  The  word  ketone  is  now  generally  used  to  express  a 
neutral  substance  derived  by  destructive  distillation  from  an  acid,  the  latter  losing 
tlie  elements  of  an  equivalent  of  carbonic  acid  during  the  decomposition.  Theoretical 
chemists  are  somewhat  divided  with  regard  to  the  rational  formuliB  of  the  ketones 
An  overwhelming  weight  of  evidence  has  been  brought  by  Gerhardtand  his  followers" 
to  prove  that  they  should  be  regarded  as  aldehydes  in  which  an  equivalent  of  hydrogen 
)S  replaced  by  the  radical  of  an  alcohol.  Thus  common  acetone  (C«  H"  O'O  is  aldehyde 
(C  B.*  O'),  in  which  one  equivalent  of  hydrogen  is  replaced  by  methyle,  H^. 

Acetone  dissolves  several  gums  and  resins,  amongst  others  sandarach.  '  Wood  spirit 
which  sometimes,  owing  to  the  presence  of  impurities,  refuses  to  dissolve  sandarach' 
may  be  made  to  do  so  by  the  addition  of  a  small  quantity  of  acetone.  ' 

When  treated  with  sulphuric  acid  and  distilled,  acetone  yields  a  hydrocarbon 
called  mesitylene  or  mesitylole,  C'^  H'^.— C.  G.  W. 

ACETYL.  Two  radicals  are  known  by  this  name,  namely,  H=  and  C*W  0-, 
Their  nomenclature  has  not,  as  yet,  been  definitely  settled.  Some  chemists  (follow - 
mg  Berzelius,  who  denied  the  existence  of  oxidised  radicals)  regard  acetyl  C*  W  as 
a  radical,  the  teroxide  of  which  constituted  acetic  acid.  The  followers  of  Gerhardt, 
on  the  other  hand,  consider  acetic  acid  to  contain  a  radical  of  the  formula  H-'  O*. 
The  latter  is  generally  known  as  acetyl.  Dr.  Williamson  proposes  to  call  it  othyl. 
The  hydrocarbon  C  is  now  assumed  to  exists  in  aldehyde,  which  can  be  regarded 
as  formed  on  the  type  two  atoms  of  water,  thus  : — 

In  the  above  formula  we  have  2  atoms  of  water,  in  which  1  equivalent  of  hydrogen 
is  replaced  by  the  non-oxidised  radical  H',  which  may  very  conveniently  be  named 
aldyle,  to  recall  its  existence  in  aldehyde. — C.  G.  W. 

ACETYLAMINE.  (C"  N.)  An  oily  alkaloid,  produced  by  acting  with  the 
oil  of  defiant  gas  (Dutch  liquid,  or  chloride  of  ethylene)  on  an  alcoholic  solution  of 
ammonia.  According  to  M.  Natanson,  its  discoverer,  it  boils  at  424°  F.  Its  density 
at  59°  is  0-975.— C.  G.  W. 

ACHROMATIC,  destitute  of  colour.  White  light  consists,  as  is  shown  by  its 
decomposition  by  a  prism,  of  several  coloured  rays,  having  different  degrees  of  refran- 
gibility.  (See  Light.)  When,  therefore,  white  light  passes  through  any  trans- 
parent body,  such  as  a  lens,  it  is  liable  to  this  decomposition  to  a  greater  or  a  less 
extent,  and  hence  colour  is  produced.  This  is  termed  chromatic  aberration.  Many, 
especially  old-fashioned,  telescopes  exhibit  objects  surrounded  by  beautifully  coloured 
fringes.  Now  the  means  which  have  been  devised  to  prevent  this  are  termed  achro- 
matic, signifying  the  deprivation  of  colour. 

ACHROMATIC  LENS.  Hale,  in  1733,  constructed  lenses  which  did  not  pro- 
duce chromatic  dispersion.  In  1757  DoUand  arrived,  by  a  perfectly  independent 
examination,  at  the  same  discovery,  and  published  it. 

A  lens  may  be  regarded  as  a  number  of  prisms  united  round  a  centre  ;  therefore 
a  ray  of  light  falling  on  a  lenticular  glass  is  decomposed,  and  the  rays  being  of 
unequal  refrangibility,  they  have  on  its  axis  as  many  foci  as  there  are  colours.  The 
images,  therefore,  of  objects  which  are  produced  at  these  points  are  superimposed, 
more  or  less,  and  the  edges  fringed  with  indistinct  colours.  The  least  refrangible 
rays  unite  at  foci  further  away  than  the  more  refrangible ;  and  the  object  sought  for, 
and  attained,  by  both  Hale  and  Dolland,  was  the  means  of  uniting  these  rays  at 
one  focal  point.  They  combined  flint-glass  with  crown-glass,  and  found  that,  by  a 
suitable  curvature  given  to  the  object-glasses,  the  images  seen  through  them  were 
distinct,  and  free  from  these  adventitious  colours. 

Telescopes,  microscopes,  &c.,  fitted  up  with  such  combinations  of  lenses  as  those 
described,  are  called  achromatic  telescopes. 

ACID.  {Acidus,  sour,  L.)  The  term  acid  was  formerly  applied  to  bodies  which 
were  sour  to  the  taste,  and  in  popular  language  the  word  is  still  so  used.  It  is  to  be 
regretted  that  the  necessities  of  science  have  led  to  the  extension  of  this  word  to 
any  bodies  combining  with  bases  to  form  salts,  whether  such  combining  body  is  sour 
or  otherwise.  Had  not  the  term  acid  been  established  in  language  as  expressing  a 
sour  body,  there  would  have  been  no  objection  to  its  use ;  but  chemists  now  apply 
the  term  to  substances  which  are  not  sour,  and  which  do  not  change  blue  vegetable 
colours  ;  and  consequently  they  fail  to  convey  a  correct  idea  to  the  popular  mmd. 

Hobbes,  in  his  "  Computation  or  Logic,"  says,  "  A  name  is  a  word  taken  at  pleasure 
to  servo  for  a  mark  which  may  raise  in  our  mind  a  thought  like  to  some  thought  we 
had  before,  and  which,  being  pronounced  to  others,  may  be  to  them  a  sign  ot  what 
thought  the  speaker  had,  or  had  not,  before  in  his  mind."   This  philosopher  thus  truly 
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expresses  the  purpose  of  a  name  ;  and  this  purpose  is  not  fulfilled  hy  the  term,  acid, 

'''Z'johKart  Mill,  in  his  "System  of  Logic,"  thus  as  it  appears  not  very  hap- 
pilyTendeavours  to  show  that  the  term  acid,  as  a  scientific  term,  is  not  inappropriate 

"'"'Sntific  definitions,  whether  they  are  definitions  of  scientific  terms,  or  of  com- 
mon  terms  used  in  a  scientific  sense,  are  almost  always  of  the  kind  last  spoken  of : 
their  main  purpose  is  to  serve  as  the  landmarks  of  scientific  classification.  And, 
since  the  classifications  in  any  science  are  continually  modified  as  scientific  know- 
ledo-e  advances,  the  definitions  in  the  sciences  are  also  constantly  varying.  A 
str&ing  instance  is  afforded  by  the  words  acid  and  alkali,  especially  the  former.  As 
experimental  discovery  advanced,  the  substances  classed  with  acids  have  been  con- 
stantly multiplying ;  and,  by  a  natural  consequence,  the  attributes  connoted  by  the 
word  have  receded  and  become  fewer.  At  first  it  connoted  the  attributes  of  com- 
bining with  an  alkali  to  form  a  neutral  substance  (caUed  a  salt),  being  compounded 
of  a  base  and  oxygen,  causticity  to  the  taste  and  touch,  fluidity,  &c.  The  true 
analysis  of  muriatic  acid  into  chlorine  and  hydrogen  caused  the  second  property, 
composition  from  a  base  and  oxygen,  to  be  excluded  from  the  connotation.  The 
same  discovery  fixed  the  attention  of  chemists  upon  hydrogen  as  an  important 
element  in  acids  ;  and  more  recent  discoveries  having  led  to  the  recognition  of  its 
presence  in  sulphuric,  nitric,  and  many  other  acids,  where  its  existence  was  not  pre- 
viously suspected,  there  is  now  a  tendency  to  include  the  presence  of  this  element  in 
the  connotation  of  the  word.  But  carbonic  acid,  silica,  sulphurous  acid,  have  no 
hydrogen  in  their  composition ;  that  property  cannot,  therefore,  be  connoted  by  the 
term,  unless  those  substances  are  no  longer  to  be  considered  acids.  Causticity  and 
fluidity  have  long  since  been  excluded  from  the  characteristics  of  the  class  by  the 
inclusion  of  silica  and  many  other  substances  in  it ;  and  the  formation  of  neutral 
bodies  by  combination  with  alkalis,  together  with  such  electro-chemical  peculiarities 
as  this  is  supposed  to  imply,  are  now  the  only  differentia  which  form  the  fixed  con- 
notation of  the  word  acid  as  a  term  of  chemical  science." 

The  term  Alkali,  though  it  is  included  by  Mr.  J.  S.  Mill  in  connection  with  acid 
in  his  remarks,  does  not  stand,  even  as  a  scientific  term,  in  the  objectional  position  in 
which  we  find  acid.  Alkali  is  not,  strictly  speaking,  a  common  name  to  which  any 
definite  idea  is  attached.  Acid,  on  the  contrary,  is  a  word  commonly  employed  to  signify 
sour.  With  the  immense  increase  which  organic  chemistry  has  given  to  the  number 
of  acids,  it  does  appear  necessary,  to  avoid  confusion,  that  some  new  arrangement, 
based  on  a  strictly  logical  plan,  should  be  adopted.  This  is,  however,  a  task  for  a 
master  mind ;  and  possibly  we  must  wait  for  another  generation  before  such  a  mind 
appears  among  us. 

In  this  Dictionary  all  the  acids  named  will  be  found  under  their  respective  heads  ; 
as  Acetic,  Nitric,  Sulphuric  Acids,  &c. 

ACIDIFIER.  Any  simple  or  compound  body  whose  presence  is  necessary  for  the 
production  of  an  acid  ;  as  oxygen,  chlorine,  bromine,  iodine,  fluorine,  sulphur,  &c.  &c. 

ACIDIMETER.  An  instrument  for  measui-ing  the  strength  or  quantity  of  real 
acid  contained  in  a  free  state  in  liquids.  The  construction  of  that  instrument  is 
founded  on  the  principle  that  the  quantity  of  real  acid  present  in  any  sample  is  pro- 
portional to  the  quantity  of  alkali  which  a  given  weight  of  it  can  neutralise.  The 
instrument,  like  the  alkalimeter  (see  Alkalimeter),  is  made  to  contain  1 000  grains  iu 
weight  of  pure  distilled  water,  and  is  divided  accurately  into  100  divisions,  each  of 
which  therefore  represents  10  grains  of  pure  distilled  water ;  but  as  the  specific 
gravity  of  the  liquids  which  it  serves  to  measure  may  be  heavier  or  lighter  than  pure 
water,  100  divisions  of  such  liquids  are  often  called  1000  grains'  measure,  irrespec- 
tively of  their  weight  (specific  gravity),  and  accordingly  10 — 20  &c.  divisions  of  the 
acidimeter  are  spoken  of  as  100 — 200  &c.  grains'  measure;  that  is  to  say,  as  a  quantity 
or  measure  which,  if  filled  with  pure  water,  would  have  weighed  that  number  of  grains. 

ACIDIMETRY.  Acidimetry  is  the  name  of  a  chemical  process  of  analysis  by 
means  of  which  the  strength  of  acids  —  that  is  to  say,  the  quantity  of  pure  free  acid 
contained  in  a  liquid — can  be  ascertained  or  estimated.  The  principle  of  the  method 
based  upon  Dalton's  law  of  chemical  combinations  ;  or,  in  other  words,  upon  the  fact 
that,  in  order  to  produce  a  complete  reaction,  a  certain  definite  weight  of  reagent  is 
required. 

If,  for  example,  we  take  1  equivalent,  or  49  parts  in  weight,  of  pure  oil  of  vitrol  of 
specific  gravity  1-8485,  dilute  it  (of  course  within  limits)  with  no  matter  what  quantity 
of  water,  and  add  thereto  either  soda,  potash,  magnesia,  ammonia,  or  their  carbonates 
or  in  fact  any  other  base,  until  the  acid  is  neutralised  —  that  is  to  say,  until  bluo 
litmus-paper  is  no  longer,  or  only  very  faintly,  reddened  when  moistened  with  a  drop 
of  the  acid  liquid  under  examination, — it  will  be  found  that  the  respective  weights  of 
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each  base  required  to  produce  that  effect  will  gi-eatly  differ  and  that  with  r«cno  , . 
the  bases  just  mentioned  these  weights  will  be  as  follows  :  -  P'"' 


?cJ:sftcts;y  ^'^f-Z^.^P-'-^-g^^t-l  saturate  or  neutralise  1 
Ammonia  „  =17 

Carbonate  of  soda  „  =  53 
Carbonate  of  potash  „    =  69 


eq  V.  =  49  parts  in  weight 
of  pure  oil  of  vitriol  (sp. 
gr.  1-8485),  or  1  equiv. 
of  any  other  acid. 


Ihis  being  the  case,  it  is  evident  that  if  we  wish  to  ascertain  hv  c„„j,  „     .1  ^  x, 
quan  tity  of  sulphuric  acid  or  of  any  other  acid  eonta  Ld  in  riiauM  it  ^Sl 
on  the  one  hand,  to  weigh  or  measure  accurately  a  given  quXv  of  tii?r  -ff^7' 
examined,  and,  on  the  other  hand,  to  dissolve  in  a  known  ,  7    ^  /       ^'T'^  ^ 
above  mentioned  of  any  one  of  thrbases  ius t  allX  m  ?Tf      """'l'  "'"'^^^ 
gi-aduallyinto  that  of  th'e  acid  until  nSa  on  -!*^*-" 
of  the  basic  solution  which  will  have  been  required  for  the  p^  pose^^^^^^^^ 
dicate  the  amount  m  we  ght  of  acid  which  existerl  In  fho  v,TJa      a  ^^'°^?"y 
Acldimetry  is  therefore  ef  actly  the  reversed  a£^^^^  prfndoTerd":"." 
on  the  number  of  volumes  of  a  solution  of  a  base  d  uted  witwrter  fn^  ^  ^ 
rp^'oSs.^-^  ^^^"^^^^'^^  "^"^  ^  known  weigror^asrofrd^'S^ 
The  solution  containing  the  hiown  weight  of  base,  and  capable  therefore  of  satu 
ratmg  a  knoron  weight  of  acid,  is  called  a  "test-liquor;"  and  araqueous  solution  of 
ammonia,  of  a  standard  strength,  as  first  proposed  byDr.  Ure,  affordfa  most  exac[ 
and  convenient  means  of  effecting  the  purpose,  when  graduau'y  poured  frZ  a  tra 
duated  droppmg-tube  or  acidimeter  into  the  sample  of  Icid  to  be  examined  ^ 
.X.  .  , •    ,  ammonia  used  for  the  experiment  should  be  so  adiusted 

hat  1000  grains'  measure  of  it  (that  is,  100  divisions  of  the  alkalTeter)  reZ^^^^ 
tarn  one  equivalent  (17  grains)  of  ammonia,  and  consequently  neutrali  e  o^^qui- 
valent  of  any  one  real  acid.    The  specific  gravity  of  the  pure  water  of  amnionl 
employed  as  a  test  for  that  purpose  should  be  exactly  0-992,  and  when  so  aZsted 
1000  grains'  measure  (100  divisions  of  the  acidimeter)  will  then  neutralise  exactly 
40  grains,  or  one  equivalent,  of  sulphuric  acid  (dry). 
'^^       "  i>  "  oil  of  vitriol,  sp,  gr.  1-8485. 

hydrochloric  acid  (gas,  dry), 
nitric  acid  (dry), 
crystallised  acetic  acid, 
oxalic  acid. 


37'5 
64 
60 
45 
150 
51 

And  so  forth  with  the  other  acids. 


tartaric  acid, 
acetic  acid. 


A  standard  liquor  of  ammonia  of  that  strength  becomes,  therefore,  a  universal 
acidimeter,  since  the  number  of  measures  or  divisions  used  to  effect  the  neutralisation 
of  10  or  of  100  grains  of  any  one  acid,  being  multipUed  by  the  atomic  weight  or 
equivalent  number  of  the  acid  under  examination,  the  product,  divided  by  10  or  by 
100.  will  indicate  the  per-centage  of  real  acid  contained  in  the  sample.  The  propor- 
tion of  free  acid  being  thus  determined  with  precision,"  even  to  jLth  of  a  grain  in  the 
course  of  five  minutes,  as  will  be  shown  presently.  ' 

The  most  convenient  method  of  preparing  the  standard  liquor  of  ammonia  of  that 
specific  gravity  is  by  means  of  a  glass  bead,  not  but  that  specific-gravity  bottles  and 
hydrometers  may,  of  course,  be  employed ;  but  Dr.  Ure  remarks,  with  reason,  that 
they  furnish  incomparably  more  tedious  and  less  delicate  means  of  adjustment.  '  The 
glass  bead,  of  the  gravity  which  the  test-liquor  of  ammonia  should  have,  floats,  of 
course,  in  the  middle  of  such  a  liquor  at  the  temperature  of  60°  F. ;  but  if  the 
strength  of  the  liquor  becomes  attenuated  by  evaporation,  or  its  temperature  increased, 
the  attention  of  the  operator  is  immediately  called  to  the  fact,  since  the  difference  of 
a  single  degree  of  heat,  or  the  loss  of  a  single  hundredth  part  of  a  grain  of  ammonia 
per  cent.,  will  cause  the  bead  to  sink  to  the  bottom— a  degree  of  precision  which  no 
hydrometer  can  rival,  and  which  could  not  otherwise  be  obtained,  except  by  the 
troublesome  operation  of  accurate  weighing.    Whether  the  solution  remains  uniform 
in  strength  is  best  ascertained  by  introducing  into  the  bottle  containing  the  ammonia 
test-liquor  two  glass  beads,  so  adjusted  that  one.  being  very  slightly  heavier  than  the 
liquid,  may  remain  at  the  bottom  ;  whilst  the  other,  being  very  slightly  lighter, 
reaches  the  top,  and  remains  just  under  the  surface  as  long  as  the  liquor  is  in  tlie 
normal  state  ;  but  when,  by  the  evaporation  of  some  ammonia,  the  liquor  becomes 
weaker,  and  consequently  its  specific  gravity  greater,  the  bead'  at  the  bottom  rises 
towards  the  surface,  in  which  case  a  few  drops  of  strong  ammonia  should  be  added 
to  restore  the  balance. 
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An  aqaeous  solution  of  ammonia,  of  the  above  strength  and  gravity,  being  pre- 
pared, the  acidimetrical  process  is  in  every  way  similar  to  that  practised  in  alkali- 
metry; that  is  to  say,  a  known  weight,  for  example,  10  or  100  grains  of  the  sample 
of  acid  to  be  examined  are  poured  into  a  sufficiently  large  glass  vessel,  and  diluted, 
if  need  be,  with  water,  and  a  little  tincture  of  litmus  is  poured  into  it,  in  order  to 
impart  a  distinct  red  colour  to  it;  100  divisions,  or  1000  grains' measure,  of  the 
standard  ammonia  test-liquor  above  alluded  to,  are  then  poured  into  an  alkalimeter 
(which,  in  the  present  case,  is  used  as  an  acidimeter),  and  the  operator  proceeds  to 
pour  the  ammonia  test-liquor  from  the  alkalimeter  into  the  vessel  containing  the  acid 
under  examination,  in  the  same  manner,  and  with  the  same  precautions  used  in  alkali- 
metry (see  Alkalimetry),  until  the  change  of  colour,  from  red  to  blue,  of  the  acid 
liquor  in  the  vessel  indicates  that  the  neutralisation  is  complete  and  the  operation 
finished. 

Let  us  suppose  that  100  grains  in  weight  of  a  sample  of  sulphuric  acid,  for  example, 
have  required  61  divisions  (610  water-grains'  measui-e)  of  the  acidimeter  for  their 
complete  neutralisation,  since  100  divisions  (that  is  to  say,  a  whole  acidimeter  full)  of 
the  test-liquor  of  ammonia  is  capable  of  neutralising  exactly  49  grains  —  one  equiva- 
lent—  of  oil  of  vitriol,  of  specific  gravity  1-8485,  it  is  clear  that  the  61  divisions 
employed  will  have  neutralised  29*89  of  that  acid,  and,  consequently,  the  sample  of 
sulphuric  acid  examined  contained  that  quantity  per  cent,  of  pure  oil  of  vitriol,  • 
representing  24-4  per  cent,  of  pure  anhydrous  sulphuric  acid:  thus  — 
Divisions.     Oil  of  Vitriol. 

100     :     49     ::     61     :     x   =  29'89. 

Anhydrous  Acid. 

100     :     40     ::     6i     :     z   =  24-4. 

The  specific  gravity  of  an  acid  of  that  strength  is  1"2178. 

In  the  same  manner,  suppose  that  100  grains  in  weight  of  hydrochloric  acid  have 
required  90  divisions  (900  grains'  measure")  of  the  acidimeter  for  their  complete  neu- 
tralisation, the  equivalent  of  dry  hydrochloric  acid  gas  being  36-5,  it  is  clear  that 
since  90  divisions  only  of  the  ammonia  test-liquor  have  been  employed,  the  sample 
operated  upon  must  have  contained  per  cent,  a  quantity  of  acid  equal  to  33-30  of  dry 
hydrochloric  acid  gasn  i  solution,  as  shown  by  the  proportion: — 
Divis.     Hydrochloric  acid. 

100    :         36-5      ::      90    :    x   =  32-85. 

The  specific  gravity  of  such  a  sample  would  be  1-1646.  ^ 
Instead  of  the  ammonia  test-liquor  just  alluded  to,  it  is  clear  that  a  solution  contain- 
ing one  equivalent  of  any  other  base— such  as,  for  example,  carbonate  of  soda  or 
carbonate  of  potash,  caustic  lime,  &c.— may  be  used  for  the  purpose  of  neutralising 
the  acid  under  examination.  The  quantity  of  these  salts  required  for  saturation  will 
of  course  indicate  the  quantity  of  real  acid,  aud,  by  calculation,  the  per-centage  thereof 
in  the  sample,  thus :  —  The  equivalent  of  pure  carbonate  of  soda  53,  and  that  of 
carbonate  of  potash  69,  either  of  these  weights  wiU  represent  one  equivalent  and 
consequently  49  grains  of  pure  oil  of  vitriol,  36-5  of  dry  hydrochloric  acid  60  of 
crystallised,  or  51  of  anhydrous  acetic  acid,  and  so  on.  The  acidimetrical  assay  is 
performed  as  follows  : —  •' 

If  with  carbonate  of  soda,  take  630  grains  of  pure  and  dry  carbonate  of  soda 
obtained  by  igniting  the  bicarbonate  of  that  base  (see  Alkalimetry),  and  dissolve 
them  in  10,000  water-grains'  measure  (1000  acidimetrical  divisions)  of  distilled  water 
It  is  evident  that  each  acidimeter  full  (100  divisions)  of  such  a  solution  will  then 
correspond  to  one  equivalent  of  any  acid,  and  accordingly  if  the  test-Uquor  of  car- 
bonate of  soda  be  poured  from  the  acidimeter  into  a  weighed  quantity  of  any  acid 
with  the  same  precautions  as  before,  until  the  neutraUsation  is  complete,  the  number 
of  divisions  employed  m  the  operation  will,  by  a  sunple  rule  of  proportion,  indicate 
the  quantity  of  acid  present  in  the  sample  as  before.  Pure  carbonate  of  soda  is  easily 
obtained  by  recrystall.smg  once  or  twice  the  crystals  of  carbonate  of  soda  of  com- 
merce, and  carefully  washing  them.  By  heating  them  gi-adually  they  melt,  and  at  a 
very  low  red  heat  entirely  lose  their  water  of  crystallisation  and  become  converted 
closeKottTes!  ""''''""^  '=^'^°°^te  of  soda,  which  should  be  kept  in  wen 

When  carbo,iate  of  potash  is  used,  then,  since  the  equivalent  of  carbonate  of  notash 
s  69  the  operator  should  dissolve  690  grains  of  it  in  the  10,000  grains  of  pure  dis 
tilled  water,  and  the  acidimeter  being  now  filled  with  this  test-liquo,  the  alsav  k 
carried  on  again  precisely  in  the  same  manner  as  before.  Neutral  carbMate  of  noms^^ 
for  acidimetrical  use  is  prepared  by  heating  the  bicarbonate  of  that  bLse  to  redness  n 
order  to  expel  one  equivalent  of  its  carbonic  acid  •  the  re<iiH,  «  laft  ■!  '^^''"^^^s,  in 
carbonate  of  potash ;  and  in  order  to  prevent  itrfbso;SnrmSui:^':h^o:;id  IT^t 
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whilst  still  hot,  on  a  slab  placed  over  concentrated  sulphuric  acid,  or  chloride  of  cal 
cmui  under  a  glass  bell,  and,  when  sufficiently  cool  to  be  handled,  transferred  to  bottles 
carefully  closed. 

To  adapt  the  above  methods  to  the  French  weights  and  measures,  now  used  also 
generally  by  the  German  chemist,  we  need  only  substitute  100  decigrammes  for  100 
grains,  and  proceed  with  the  graduations  as  already  described. 

A  solution  of  caustic  lime  in  cane  sugar  has  likewise  been  proposed  by  M.  Peligot 
for  acidimetrical  purposes.  To  prepare  such  a  solution,  take  pure  caustic  lime,  ob- 
tained by  heating  Carara  marble  among  charcoal  in  a  furnace  ;  when  sufficiently 
roasted  to  convert  it  into  quicklime,  slake  it  with  water,  and  pour  upon  the  slaked 
lime  as  much  water  as  is  necessary  to  produce  a  milky  liquor  ;  put  this  milky  liquor 
in  a  bottle,  and  add  thereto,  in  the  cold,  a  certain  quantity  of  pulverised  sugar-candy ; 
close  the  bottle  with  a  good  cork,  and  shake  the  whole  mass  well.  After  a  certain  time 
it  win  be  observed  that  the  milky  liquid  has  become  very  much  clearer,  and  perhaps 
quite  limpid ;  filter  it,  and  the  filtrate  will  be  found  to  contaiu  about  50  parts  of  lime 
for  every  100  of  sugar  employed.  The  liquor  should  not  be  heated,  because  saccha- 
rate  of  lime  is  much  more  soluble  in  cold  than  in  hot  water,  and  if  heat  were  applied 
it  would  become  turbid  or  thick,  though  on  cooling  it  would  become  clear  again.' 

A  concentrated  solution  of  lime  in  sugar  being  thus  obtained,  it  should  now  be 
diluted  to  such  a  degree  that  1000  water-grains'  measure  of  it  may  be  capable  of  satu- 
rating exactly  one  equivalent  of  any  acid,- which  is  done  as  follows:  —  Take  100 
grains  of  hydrochloric  acid  of  specific  gravity  1-1812,  that  weight  of  acid  contains 
exactly  one  equivalent  =36-5  of  pure  hydrochloric  acid  gas;  on  the  other  hand,  fill 
the  acidimeter  up  to  0  (zero)  with  the  solution  of  caustic  lime  in  sugar  prepared  as 
abovesaid,  and  pour  the  contents  into  the  acid  until  exact  neutralisation  is  obtained, 
which  is  known  by  testing  with  litmus-paper  in  the  usual  manner  already  described. 
If  the  whole  of  the  100  divisions  of  the  acidimeter  had  been  required  exactly  to 
neutralise  the  100  grains'  weight  of  hydrochloric  acid  of  the  specific  gravity  mentioned, 
it  would  have  been  a  proof  that  it  was  of  the  right  strength ;  but  suppose,  on  the 
contrary,  that  only  50  divisions  of  the  lime  solution  in  the  acidimeter  have  been  suffi- 
cient for  the  purpose,  it  is  evident  that  it  is  half  too  strong,  or,  in  other  words,  one 
equivalent  of  lime  (=28)  is  contained  in  those  50  divisions  instead  of  in  100.  Pour, 
therefore,  at  once,  50  divisions  or  measures  of  that  lime-liquor  into  a  glass  cylinder  ac- 
curately divided  into  100  divisions,  and  fill  up  the  remaining  50  divisions  with  -water  ; 
stir  the  whole  well,  and  100  divisions  of  the  lime-liquor  will,  of  course,  now  contain 
as  much  lime  as.  was  contained  before  in  the  50;  or,  in  other  words,  100  acidimetrical 
divisions  will  now  contain  1  equivalent  of  lime,  and  therefore  will  be  capable  of 
exactly  neutralising  1  equivalent  of  any  acid. 

When,  however,  saccharate  of  lime  is  used  for  the  determination  of  sulphuric  acid, 
it  is  necessary  to  dilute  it  considerably,  for  otherwise  a  precipitate  of  sulphate  of  lime 
would  be  produced.  This  reagent,  moreover,  is  evidently  applicable  only  to  the  deter- 
mination of  such  acids  the  lime  salts  of  which  are  soluble  in  water. 

Instead  of  a  solution  of  caustic  lime  in  sugar,  a  clean  dry  piece  of  white  Carara 
marble  may  be  used.  Suppose,  for  example,  that  the  acid  to  be  assayed  is  acetic  acid, 
the  instructions  given  by  Brande  are  as  follows: — A  clean  dry  piece  of  marble  is 
selected  and  accurately  weighed  ;  it  is  then  suspended  by  a  silk  thread  into  a  known 
quantity  of  the  vinegar  or  acetic  acid  to  be  examined,  and  which  is  cautiously  stirred 
with  a  glass  rod,  so  as  to  mix  its  parts,  but  without  detaching  any  splinters  from  the 
weighed  marble,  till  the  whole  of  the  acid  is  saturated,  and  no  further  action  on  the 
marble  is  observed.  The  marble  is  then  taken  out,  washed  with  distilled  water,  and 
weighed  ;  the  loss  in  weight  which  it  has  sustained  may  be  considered  as  equal  to  the 
quantity  of  acetic  acid  present,  since  the  atomic  weight  of  carbonate  of  lime  (  =  50)  is 
very  nearly  the  same  as  that  of  acetic  acid  (  =  51).  Such  a  process,  however,  is 
obviously  less  exact  than  those  already  described. 

But,  whichever  base  is  employed  to  prepare  the  test-liquor,  it  is  clear  that  the 
acid  tested  with  it  must  be  so  far  pure  as  not  to  contain  any  other  free  acid  than  that 
for  which  it  is  tested,  for  in  that  case  the  results  arrived  at  would  be  perfectly  falla- 
cious. Unless,  therefore,  the  operator  has  reason  to  know  that  the  acid,  the  strength 
of  which  has  to  be  examined  by  that  process,  is  genuine  of  its  kind,  he  must  make  a 
qualitative  analysis  to  satisfy  himself  that  it  is  so ;  for  in  the  contrary  case  the  acid 
would  not  be  in  a  fit  state  to  be  submitted  to  an  acidimetrical  assay. 

The  strength  of  acids  may  also  be  ascertained  by  determining  either  the  volumes  or 
the  weight  of  carbonic  acid  gas  disengaged  from  pure  bicarbonate  of  soda  by  a  given 
weight  of  any  acid. 

For  vicasuring  exactly  the  volumes  of  carbonic  acid  thus  expelled.  Dr.  Ure's  appa- 

•  The  directions  given  by  M.  Violcttp  for  tlic  prcpar.ition  of  Snecliaratc  of  I.lme  are  as  follow  :— 
Digest  in  the  cold  50  (jramrnes  of  slaked  caustic  lime  in  1  litre  of  water  containing  100  grammes  of 
sugar. 
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ratus,  represented  in  the  figure,  may  be  used.  As  it  is  absolutely  requisite,  for  the 
success  of  the  experiment,  that  the  whole  of  the  acid  taken  for  examination  should  be 
completely  saturated,  the  operator  must  accordingly  take  care  to  use  a  little  more 
bicarbonate  than  is  necessary  for  the  purpose. 

Now  the  equivalent  number  of  bicarbonate  of  soda  is  75,  and  the  carbonic  acid 
contained  therein  =  44  ;  that  of  oil  of  vitriol  is  49  ;  wherefore  by  mixing  together  75 
grains  of  pure  bicarbonate  of  soda  with  49  grains  of  pure  oil  of  vitriol,  44  grains  of 
carbonic  acid  gas  will  be  expelled,  equal  in  bulk  or  volume  to  2381  acidimetrical 
divisions  (23,810  water-grains'  measure).  These  proportions ,  however,  would  be 
inconvenient,  the  more  especially  as  the  acidimeter  in  question  should  contain  exactly 
10,000  water-grains' measure,  marked  in  series  of  10  divisions  from  0  (zero)  at  the  top 
down  to  100,  such  an  arrangement  at  once  enabling  the  operator  to  read  off  the  amount 
of  real  acid  pei-  cents.;  and  accordingly  a  weight,  or  proportion  of  acid  capable  of  dis- 
engaging exactly  10,000  water-grains'  measure  of  carbonic  acid 
from  a  quantity  of  bicarbonate  more  than  sufBcient  to  supersaturate 
it  is  used.  That  weight  or  portion  vaiies,  of  course,  with  each 
kind  of  acid,  thus : — 


For  anhydrous  sulphuric  acid  it  is 

„  Oil  of  vitriol        -       .  _ 

„  Anhydrous  nitric  acid  - 
„  „        hydrochloric  acid 

„  „        acetic  acid 

„  Crystallised  citric  acid 
„  „  tartaric  acid 


16-80 

20-  58 
22-67 
15-33 

21-  42 
80-64 
63-00 


grains. 


Therefore  by  taking,  of  any  sample  of  acid  to  be  examined,  the 
exact  number  of  grains  corresponding  to  each  of  the  above-men- 
tioned acids,  we  shall  obtain  a  volume  of  carbonic  acid  gas  pro- 
portioned to  the  strength  and  purity  of  the  sample  of  each  of  them 
respectively.  The  modus  operandi  is  as  follows : — Charge  the  glass 
cylinder  A  with  water,  and  pour  upon  the  surface  of  the  latter  a 
layer  of  olive  oil,  about  1  inch  in  thickness,  so  that  the  level  cor- 
responds exactly  to  the  0  (zero)  of  the  graduated  scale  etched  on 
the  glass  cylinder.  Through  the  cork  in  the  mouth  of  the  cylin- 
der, push  the  taper  tail  of  the  flask,  c,  air-tight ;  introduce  into 
this  flask  c  about  50  grains  of  bicarbonate  of  soda,  in  powder,  and 
pour  upon  them  a  little  more  water  than  is  sufficient  to  cover  the 
powder  ;  and  if,  for  example,  the  object  is  to  determine  the  amount 
of  pure  oil  of  vitriol  contained  in  a  given  sample  of  that  acid, 
weigh  now  accurately  20-58  grains  of  that  sample,  dilute  it  with 
water,  and  suck  it  up  into  the  taper  dropping-glass  tube,  d;  shut 
the  stopcock,  introduce  the  dropping-tube,  pushing  it  air-tight 
through  the  perforated  cork  until  its  extremity  plunges  into  the 
mixture  of  bicarbonate  of  soda  and  water  in  the  flask,  c.  On 
opening  now  slightly  the  stopcock  of  the  dropping-tube,' the  acid 

contamed  therein  coming  in  contact  with  the  bicarbonate  will  '  " 

cause  the  evolution  of  a  volume  of  carbonic  acid  proportioned  to  its  strength 
Supposing  the  same  sample  of  sulphuric  acid  which  was  found  by  the  acidimetrical 
process  first  described  to  contain  29-89  of  oil  of  vitriol,  or  24-4  of  anhvdrous  s^ohuric 
acid  per  cent  to  be  now  examined  by  the  present  method,  ifwiS  bV found  that  the 
20-58  grains  of  that  acid  taken  for  the  experiment  have  disengaged  a  voh^e  of  car- 
bonic acid  gas  corresponding  nearly  to  the  number  30  of  the  graduated  ^e  of  the 

a  volume  of  carbonic  acid  gas  which  would  depress  the  level  ohTe  TaterTn  ^e  fla^s 
cylinder  ncariy  to  the  point  marked  33,  and  therefore  the  nnprnl^i  ii 
know  that  the  quantity  o'^-  pure  hydrochloric  ^c^llTZli^LTZ'Z  T.ZT:::: 
little  less  than  33  per  cent.,  u  degree  of  accuracy  quite  sufficienFfor  all  c^ml.t.! 

distant  as  to  admit  of  being  subdivfdfd  il  fractions  "^'^  sufficiently 

quantity  of  acid,  a  circumstance  which  reifders  i  lei TDDlicawl  f^^^  ""V^^"^ 
alkalimetry.    By  suppressing,  however,  the  titlK^d'^SnTbS'  S^it^^ 
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anHhe  !ierator  k  ^t'  '°''''''''irf'  ^'^^  «y'i°der,  the  cost  is  considerably  reduced 
ih^.l    opeiator  IS  at  once  enabled  to  secure  the  complete  reaction  of  the  whole  of 
the  accurately  weighed  acid  upon  the  bicarbonate  of  soda.    The  arranEement  h^s 
besides,  several  other  advantages,  which  the  simple  inspection  of  thranneTed  fii 

Taduato'/^'T  ^  '''''''  --t^-grain's'-measl  glasrcyl  n^^^^ 

graduated  in  the  same  manner,  and  provided  with  a  discharge  tube,  B,  ks  before 
Joftl.  -.rh  if^  the  cylinder  need  not  be  larger  than  that  of  an  ;rdin^ry  wine 
bo  e,  which  allows  of  Its  being  corked  air-tight  with  greater  ease  and  certarnty 
This  cork  IS  perforated  and  provided  with  a  tube  passing  air-tight  through  it  and  con- 
nected-by  a  length  of  vulcanised  india-rubber,  c- with  the  disengagement  ?ube  of 
an  ordinary  Florence  flask,  into  which  the  bicarbonate  of  soda  and  f  cSn  quantity 
tainTnT'th  T  ^'^^rf^^  ^"^^^uced,  and  likewise  a  small  test-tube,  E.  con^ 
taming  the  exactly  weighed  quantity  of  acid  to  be  examined.    All  the  joints  being 

perfectly  air-tight,  if  the  Florence  flask  be 
now  carefully  tilted  on  one  side,  a  portion  of 
the  acid  in  the  test-tube  will,  of  course, 
flow  down  upon  the  bicarbonate  of  soda, 
and  a  corresponding  quantity  of  carbonic 
acid  gas  being  evolved  will  depress  the 
water  in  the  glass  cylinder,  causing  an 
overflow  from  the  tube  b,  which  should  be 
held  over  a  basin,  and  progressively  lowered 
so  as  to  keep  the  discharging  aperture  on  a 
level  with  the  descending  water  in  the  cy- 
linder. The  operation  is  terminated  when, 
all  the  acid  in  the  test-tube  having  been 
completely  upset  and  all  effervescence  being 
entirely  ,  at  an  end,  the  level  of  the  water 
in  the  cylinder  a  remains  stationary;  the 
number  of  divisions  of  the  scale  correspond- 
ing to  that  level  are  then  read  off;  they  indi- 
cate the  per-centage  strength  of  the  sample. 

The  bicarbonate  of  soda  of  commerce 
frequently  contains  some  neutral  carbonate 
of  soda,  which  should  be  removed  before 
using  it  for  that  and  for  the  following  pro- 
cess ;  this  is  easily  done  by  washing  it  with 
a  moderate  quantity  of  cold  water,  which 
dissolves  the  neutral  carbonate,  but  leaves  the  greater  portion  of  the  bicarbonate  in  an 

undissolved  state ;  it  should  then  be  dried 
spontaneously  by  spreading  it  in  the  air, 
and  then  kept  in  stoppered  bottles  ;  for 
though  bicarbonate  of  soda  does  not 
undergo  decomposition  by  exposure  to 
dry  air,  a  moist  atmosphere  converts  a 
portion  of  it  into  a  neutral  carbonate, 
with  5  equivalents  of  water  (NaO,  CO^ 
5HO). 

Acidimetrical  operations  may  likewise 
be  performed  by  determining  the  tveiyht 
instead  of  the  volumes  of  the  carbonic 
acid  expelled  from  bicarbonate  of  potash, 
or  of  soda,  by  a  given  quantity  of  acid. 
For  this  purpose  either  of  the  apparatus 
contrived  by  Dr.  Ure,  and  represented 
in  the  margin,  may  be  used.  The  details 
of  their  construction  are  given  in  Alka- 
limetry, to  which  the  reader  is  re- 
I  ferred. 

'  Since  1  equivalent  of  any  acid  will 
disengage  2  equivalents  (=  44)  of  car- 
bonic acid  from  1  equivalent  (  =  75)  of 
bicarbonate  of  soda,  it  is  evident  that  by 
determining  what  quantity  of  any  pure 
acid  is  capable  of  disengaging  or  expelling 
10  grains  of  carbonic  acid  gas,  then 
taking  that  quantity  of  the  acid  to  be 
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examined,  and  causing  it  to  react  upon  a  mass  of  bicarbonate  of  soda  more  than 
sufficient  to  saturate  or  neutralise  it  (in  order  to  make  sure  that  the  acid  has  pro- 
duced aU  its  effect),  the  loss  sustained  after  the  operation  from  the  carbonic  gas 
expelled,  multiplied  by  ten,  will  at  once  indicate  the  exact  per-centage  of  real  acid 
contained  in  the  sample  examined.  Of  course  the  weight  of  acid  capable  of  dis- 
engaging exactly  10  grains  of  carbonic  acid  gas  varies  with  each  kind  ot  acid  ;  and 
that  weight  is  found  by  dividing  10  times  the  atomic  weight  of  the  acid,  whatever  it 
may  be,  by  44  ;  that  is  to  say,  by  the  atomic  weight  of  the  two  equivalents  of  carbonic 
acid  gas  contained  in  the  bicarbonate  of  soda. 

For  sulphuric  acid,  for  example,  the  proportion  would  be  as  follows :  — 

2  00=  S03 
44        :       40       :  :       10       :  a; 

X  =  9-09  (or  more  correctly,  9*1). 

Applying  this  rule,  the  weights  to  be  taken  are  as  follows,  in  reference  to  — 


Dry  sulphuric  acid 
„  nitric  acid  - 
„  hydrochloric  acid 
„  acetic  (di'y) 

Crystallised  tartaric  acid 
„        citric  acid 


9-1 
12-27 

8-29 
11-59 
34-09 
43-64 
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Each  of  these  quantities  of  real  acid,  with  25  or  26  grains  of  bicarbonate  of  soda, 
will  give  off  10  grains  of  carbonic  acid  gas  ;  and  hence,  by  adding  a  cypher,  that  is, 
multiplying  by  ten,  whatever  weight  the  apparatus  loses  denotes  the  per-centage  of 
acid  in  the  sample  under  trial,  without  the  necessity  of  any  arithmetical  reduction. 
Let  us  suppose,  for  example,  that  the  apparatus,  being  charged  with  9-1  grains  of  a 
sample  of  sulphuric  acid,  is  found,  after  the  experiment,  to  have  lost  7-5  grains  ;  this 
multiplied  by  10=75-0  ;  therefore  the  sample  contained  75  per  cent,  of  dry  sulphuric 
acid.  If  the  apparatus  had  lost  2-44  grains  thus,  it  would  have  indicated  24-4  per  cent, 
of  dry  or  anhydrous  acid.  Persons  accustomed  to  the  French  metrical  system  may  use 
decigrammes  instead  of  grains,  and  they  will  arrive  at  the  same  per-centage  results. 

Another  apparatus  for  ascertaining  the  weight  of  carbonic  expelled  for  the  pur- 
poses of  either  acidimetry  or  alkalimetry,  and  which  the  operator  himself  may  readily 
construct,  is  represented  mfig.  13. 

A  is  a  small  matrass,  with  a  somewhat  wide  mouth,  ca- 
pable, however,  of  being  hermetically  closed  by  a  cork  per- 
forated with  two  holes,  through  one  of  which  a  bulbous  tube, 
B,  passes  filled  with  ft-agments  of  chloride  of  calcium ; 
through  the  other  hole  a  tube,  c,  is  introduced,  sufficiently  long 

to  reach  the  bottom  of  the  matrass  a. 

A  certain  quantity  (say  25  grains)  of  bicarbonate  of  soda, 

greater  than  is  required  for  saturation,  is  then  introduced 

into  the  matrass  a,  and  likewise  enough  water  to  cover  it. 

A  small  glass  test-tube  is  next  charged  with  the  proper 

quantity  of  the  acid  to  be  examined,  namely,  9-1  if  for  sul- 
phuric acid,  12-27  if  for  nitric  acid,  &c.  &c.,  as  before-men- 
tioned, and  it  is  carefully  introduced  into  the  matrass  A, 

taking  care  that  the  acid  does  not  come  in  contact  with  the 

bicarbonate  of  soda,  which  is  easily  avoided  by  lowering  the 

tube  containing  the  acid  into  the  matrass  with  a  thread,  or 

by  carefully  sliding  it  down,  and  keeping  it  nearly  in  an 

upright  position,  leaning  against  the  sides  of  the  matrass,  as 

shown  by  the  letter  h.    The  matrass  is  then  to  be  closed 

with  the  cork  provided  with  its  tubes,  as  above  directed,  and 

the  whole  is  accurately  weighed.  This  done,  the  apparatus  is 

gently  jerked,  or  tilted,  on  one  side,  so  as  to  cause  a  portion 

of  the  acid  in  the  tube  b  to  flow  among  the  bicarbonate  of 

soda  on  which  it  is  resting.    A  disengagement  of  carbonic 

acid  gas  immediately  takes  place  from  the  decomposition  of 

the  carbonate  of  soda  by  the  acid.  When  the  violent  efferves- 
cence has  subsided,  a  fresh  quantity  of  acid  is  again  jerked,  or 

spiUed,  out  of  the  tube,  until  the  whole  of  the  acid  is  emptied, 

the  tube  occupying  now  a  horizontal  position,  as  represented 

by  letter  A.    The  water,  which  is  mechanically  carried  oflF  by  the  carbonic  acid  i-; 

arrested  by  the  chloride  of  calcium  of  the  bulbous  tube  b.    When  aU  Sscnirem'e^t 

of  .arbonic  acid  gas  has  ceased,  even  after  shaking  the  apparat^.te  Sary 
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Tthe  /Pf^^r^f  the  bulbous  tube  b,  while  the  atmospheric  air  enters 

at  the  orifice,  d,  of  the  bent  tube,  c,  to  replace  it.    If  the  apparatus  has 
warn  dunng  the  reaction,  it  should  be  allowed  to  cool  completely  and Tt  ?s Za 
^veighed  again  accurately.    The  difference  between  the  firs/  and  second  we  ghinl 
the  loss  represents,  of  course,  the  weight  of  the  carbonic  acid  gas  expelled  and  con- 
sequently the  per-centage  of  real  acid  contained  in  the  sample  ' 

Instead  of  the  preceding  arrangement,  the  apparatus  contrived  by  Drs.  Fresenius 
and  WUl  may  be  used.    The  figure  in  the  margin  at  once  renders  the  c;nslruc"  on 
U  i  .  ^^^}  .apparatus  intelligible,  and  as  a  full  descrip- 

tion of  It  IS  given  in  the  article  on  Alkalimetry, 
the  reader  is  accordingly  referred  thereto.  AVhen 
that  contrivance  is  used  for  acidimetrical  purposes 
proceed  as  follows:— FiU  bottle  a  with  ordinary  oil 
of  vitriol  to  about  one-half  of  its  capacity,  and  pour 
into  bottle  b  the  accurately  weighed  quantity  of  acid 
to  be  examined,  namely,  9-1  grains  for  sulphuric 
acid,  12-27  for  nitric  acid,  &c.  &c.,  according  to  the 
rule  and  table  given  (page  29),  and  dilute  it  with 
water,  so  that  bottle  b  may  be  one-third  full.  Put 
now  into  a  test-tube  a  quantity  of  bicarbonate  of 
soda  sufficient  to  saturate  the  weight  of  acid  con- 
tained in  bottle  b,  and  suspend  it  into  that  bottle 
by  means  of  a  thread,  kept  tight  by  the  pressure  of 
the  cork.  Weigh  now  the  whole  apparatus  accu- 
rately; this  done,  carefully  loosen  the  thread,  so 
that  the  test-tube  charged  with  bicarbonate  of  soda 
may  fall  into  the  acid,  and  the  cork  being  instantly 
adjusted  air-tight,  the  whole  of  the  carbonic  acid 
gas  disengaged  is  led  by  tube  c  into  the  concentrated 
sulphuric  acid  of  bottle  a,  which  absorbs  all  its 
moisture  before  it  finally  escapes  through  the  tube  a.  "When  all  effervescence  has 
ceased,  the  operator,  by  applying  his  lips  to  that  tube  a,  sucks  out  all  the  residuary 
carbonic  acid  gas  contained  in  the  apparatus,  and  replaces  it  by  atmospheric  air, 
which  enters  at  d.  The  apparatus,  if  it  have  become  warm,  should  be  allowed  to 
cool  completely,  and  on  weighing  it  again  the  loss  indicates  the  per-centage  of  real 
acid  present  in  the  sample. 

The  balance  used  in  these  methods  should,  of  course,  be  sufiiciently  delicate  to 
indicate  small  weights  when  heavily  laden. 

We  shall  termmate  this  article  by  a  description  of  Liebig's  acidimetrical  method  of 
determining  the  amount  of  prussic  acid  contained  in  solutions;  for  example,  in  medi- 
cinal prussic  acid,  in  laurel  and  bitter-almond  water,  essence  of  bitter  almonds,  and 
cyanide  of  potassium.  The  process  is  based  upon  the  following  reaction  : — When  an 
excess  of  caustic  potash  is  poured  in  a  solution  which  contains  prussic  acid,  cyanide 
of  potassium  is,  of  course,  formed ;  and  if  nitrate  of  silver  be  then  poured  in  such  a 
liquor,  a  precipitate  of  cyanide  of  silver  is  pi'oduced,  but  it  is  immediately  redis- 
solved  by  shaking,  because  a  double  cyanide  of  silver  and  of  potassium  (Ag  Cy  + 
K  Cy)  is  formed,  which  dissolves ,  without  alteration,  in  the  excess  of  potash  em- 
ployed. The  addition  of  a  fresh  quantity  of  nitrate  of  silver  produces  again  a 
precipitate  which  agitation  causes  to  disappear  as  before  ;  and  this  reaction  goes  on 
until  half  the  amount  of  prussic  acid  present  in  the  liquor  has  been  taken  up  to 
produce  cyanide  of  silver,  the  other  half  being  engaged  with  the  potassium  in  the 
formation  of  a  double  cyanide  of  silver  aud  of  potassium,  as  just  said.  As  soon, 
however,  as  this  point  is  reached,  any  new  quantity  of  nitrate  of  silver  poured  in  the 
liquor  causes  the  cyanide  of  potassium  to  react  upon  the  silver  of  the  nitrate,  to  pro- 
duce a  permanent  precipitate  of  cyanide  of  silver,  which  indicates  that  the  reaction  is 
complete,  and  that  the  assay  is  terminated.  The  presence  of  chlorides,  far  from 
interfering,  is  desirable,  and  a  certain  quantity  of  common  salt  is  accordingly  added, 
the  reaction  of  chloride  of  silver  being  analogous  to  that  of  the  cyanide  of  the  same 
metal. 

To  determine  the  strength  of  prussic  acid  according  to  the  above  process,  a  test  or 
normal  solution  should  be  first  prepared,  which  is  as  follows  :  — 

Since  1  equivalent  of  nitrate  of  silver  (  =  170)  represents,  as  we  have  seen,  2 
equivalents  of  prussic  acid  (==54),  dissolve,  therefore,  170  grains  of  pure  fused  nitrate 
of  silver  in  10,000  water-grains'  measure  of  pure  water;  1000  water-grains'  measure 
(1  acidimeter  full)  of  such  solution  will  therefore  contain  17  grains  of  nitrate  of 
silver,  and  will  therefore  represent  5*4  grains  of  prussic  acid  ;  and  consequently  each 
acidimetrical  division  0'0.'54  grain  of  pure  prussic  acid. 
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Take  now  a  given  weight  or  measure  of  the  sample  of  prussic  acid,  or  cyanide  of 
potassium  or  laurel,  or  bitter-almond  water,  or  essence  of  bitter  almonds  ;  dilute  it 
with  three  or  four  times  its  volume  of  water,  add  caustic  potash  until  the  whole  is 
rendered  alkaline,  and  carefully  pour  into  it  a  certain  quantity  of  the  normal  silver 
solution  from  the  acidimeter  until  a  slight  precipitate  begins  to  appear  which  cannot 
be  redissolved  by  agitation  ;  observe  the  number  of  acidimetrical  divisions  of  the  test 
silver  solution  employed,  and  that  number  multiplied  by  0-054  will,  of  course, 
indicate  the  proportion  of  prussic  acid  present  in  the  quantity  of  the  sample  operated 
upon.  .  ... 

For  such  liquids  which,  like  laurel-water,  contain  very  little  prussic  acid,  it  is  ad- 
visable to  dilute  the  test  silver  liquor  with  nine  times  its  bulk  of  water  ;  a  decimal 
solution  is  thus  obtained,  each  acidimetrical  division  of  which  will  only  represent 
0'0054  of  prussic  acid,  by  which  figure  the  number  of  divisions  employed  should  then 
be  multiplied. 

As  the  essence  of  bitter  almonds  mixed  with  water  is  turbid,  it  is  absolutely  neces- 
sary to  add  and  shake  it  with  a  sufficient  quantity  of  water  to  dissolve  the  particles 
of  oil  to  which  the  milkiness  is  due,  and  render  it  quite  clear. 

Instead  of  an  acidimeter,  an  ordinary  balance  may  be  used  as  follows  :  —  Take  63 
grains  of  fused  nitrate  of  silver,  and  dissolve  them  in  5937  grains  weight  of  pure 
distilled  water,  maldng  altogether  6000  grains  weight  of  test  silver  solution.  Weigh 
off  now  in  a  beaker  any  quantity,  say  100,  or,  if  very  weak,  1000  grains'  weight  of  the 
sample  of  prussic  acid  to  be  examined,  dilute  it  with  three  or  four  times  its  bulk  of 
water,  mix  with  it  a  certain  quantity  of  a  solution  of  common  salt,  and  a  few  drops 
of  caustic  potash  over  and  above  the  quantity  necessary  to  make  it  alkaline.  Pour 
now  carefully  into  the  liquor  so  prepared  a  portion  of  the  test  solution  of  silver 
alluded  to,  until  a  turbidness  or  milkiness  begins  to  be  formed  which  does  not  dis- 
appear by  agitation,  and  which  indicates  that  the  reaction  is  complete.  Every  300 
grains  of  the  test  silver  solution  employed  represents  1  grain  weight  of  pure  anhydrous 
prussic  acid. 

■  The  rationale  of  these  numbers  is  evident  :  since  1  equiv.  =  170  of  nitrate  of  silver 
correspond  to  2  equiv.  =  54  of  prussic  acid  ;  63  of  nitrate  of  silver  correspond  to  20 
of  prussic  acid,  and  consequently  300  of  a  solution  containing  63  of  nitrate  of  silver 
in  6000  correspond  to  1  of  prussic  acid  thus :  — 

170  :  54  :.  63   :  20 
6000  :  20  ::  3oo   :  1 

Lastly,  the  strength  of  prussic  acid  may  also  be  determined  with  an  ordinarv 
balance  by  a  method  proposed  by  Dr.  Ure,  which  method,  however,  is  much  less 
convenient  than  that  of  Liebig  ;  it  consists  in  adding  peroxide  of  mercury,  in  fine 
powder,  to  the  liquor  which  contains  prussic  acid,  until  it  ceases  to  be  dissolved.  As 
the  equivalent  of  peroxide  of  mercury  =  108,  is  exactly  four  times  that  of  prussic 
acid  =  27,  the  weight  of  peroxide  of  mercury  employed  divided  by  four  will  give 
the  quantity  of  prussic  acid  present.* — A.  N. 

ACIPENSER.  A  genus  of  cartilaginous  fishes,  to  which  the  Sturgeon  belongs, 
and  from  which  isinglass  is  obtained.    See  Isinglass.  ' 

ACONITINE.  C™  H"  N0'<.  A  poisonous  alkaloid  constituting  the  active  prin- 
ciple of  the  Aconite,  Aconilwn  Napellus. — C.  G.  W. 

ACORNS.  The  seed  of  the  oak  (quercus).  These  possess  some  of  the  properties 
of  the  bark  ;  but  in  a  very  diluted  degree.  Acorns  are  now  rarely  used.  Pigs  are 
sometimes  fed  upon  them.    308  bushels  were  imported  in  1855. 

ACORUS  CALAMUS.  The  common  sweet  flag.  This  plant  is  a  native  of 
England,  growing  abundantly  in  the  rivers  of  Norfolk;  from  which  county  the 
London  market  is  chiefly  supplied.  The  radix  calami  aromatici  of  the  shops  occurs 
in  flattened  pieces  about  one  inch  wide  and  four  or  five  inches  long  It  is  emploved 
medicinally  as  an  aromatic,  and  it  is  said  to  be  used  by  some  distillers  to  flavour  gin 
Ihe  essential  oil  {oleum  aeon  calami)  of  the  sweet  flag  is  used  by  snufiF-makers  for 
scenting  snuff,  and  it  sometimes  enters  as.  one  of  the  aromatic  ingredients  of  aromatic 
vinegar.— PereiVa. 

ACROSPIRE.  {Plumule,  Fr. ;  Blattkeim,  Germ.)  The  sprout  at  the  end  of  seeds 
when  they  begin  to  germinate.  The  name  is  derived  from  two  Greek  words  signi- 
fying highest  and  spire,  and  has  been  adopted  on  account  of  its  spiral  form  I't  WiL 
plume  or  plumule  of  modern  botanists.    Malsters  use  the  name  to  express  the  erowin! 

ACRYLAMINE,  or  ALLYLAMINE.    (C«H'  N.)    A  new  alkaloid  obtained  by 
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KXat  Su? Ss'lc"  G  W  ^  '''''''''  °'  ^''•^"S  -1-^-''  °f  P°'ash. 

defil.S'g™  ar^cr^^^^^^^^  "^'•^^^  ^^^"-^  ''^  ^  -'^-t 

As  early  as  1812,  M.  Berard  (in  a  communication  to  the  Academy  of  Sciences  on 
some  observations  made  by  him  of  the  phenomena  of  solar  action)  drew  attention  to 
the  tact  that  three  very  distmct  sets  of  physical  powers  were  manifested.  Luminous 
power,  Heat-producmg  power,  and  Chemical  power.    Chaptal,  BerthoUet,  and  Biot 
leported  on  this  paper  by  M.  Berard ;  and,  as  sliowing  the  extent  to  which  this  very 
important  inquiry  had  proceeded  in  the  hands  of  this  philosoper,  the  foUowing 
quotation  is  given  from  their  report.  ° 
"  M.  Berard  found  thafthe  chemical  intensity  was  greatest  at  the  violet  end  of  the 
spectrum,  and  that  it  extended,  as  Ritter  and  Wollaston  had  observed,  a  little  beyond 
that  extremity'     When  he  left  substances  exposed  for  a  certain  time  to  the  action  of 
each  ray,  he  observed  sensible  effects,  though  with  an  intensity  continually  decreas- 
ing, m  the  indigo  and  blue  rays.    Hence  we  must  consider  it  as  extremely  probable, 
that  If  he  had  been  able  to  employ  reactions  still  more  sensible,  he  would  have 
observed  analogous  effects,  but  stiU  more  feeble,  even  in  the  other  rays.    To  show 
clearly  the  great  disproportion  which  exists  in  this  respect  between  the  energies  of 
different  rays,  M.  Berard  concentrated,  by  means  of  a  lens,  aU  that  part  of  the 
spectrum  which  extends  from  the  green  to  the  extreme  violet,  and  he  concentrated,  by 
another  lens,  all  that  portion  which  extends  from  the  green  to  the  extremity  of  the  red 
ray.    This  last  pencil  formed  a  white  point,  so  brilliant  that  the  eyes  were  scarcely 
able  to  endure  it,  yet  the  muriate  of  silver  remained  exposed  more  than  two  hours  to 
this  brilliant  point  of  light,  without  undergoing  any  sensible  alteration.    On  the  other 
hand,  when  exposed  to  the  other  pencil,  which  was  much  less  bright  and  less  hot,  it 
was  blackened  in  less  than  six  minutes.  *  »  *  ♦  *  If  we  wish  to  consider  solar  light 
as  composed  of  three  distinct  substances,  one  which  occasions  light,  another  heat,  and 
the  third  chemical  combinations,  it  will  follow  that  each  of  those  substances  is  separable 
by  the  prism  into  an  infinity  of  different  modifications,  like  Light  itself;  since  we  find, 
by  experiment,  that  each  of  the  three  properties,  chemical,  calorific,  and  colourific,  is 
spread,  though  unequally,  over  a  certain  extent  of  the  spectrum.    Hence  we  must 
suppose,  on  that  hypothesis,  that  there  exists  three  spectrums  one  above  another; 
namely,  a  calorific,  a  colourific,  and  a  chemical  spectrum." 

This  was  the  earliest  indication  of  the  probable  existence  of  a  physical  force,  in 
the  solar  rays,  distinct  from  Light  and  Heat.  A  large  number  of  philosophers  still 
hold  to  the  idea  that  the  chemical  changes  produced  by  the  sunbeam  are  due  to 
light,  and  this  idea  is  confirmed  in  the  public  mind  by  the  universal  adoption  of  the 
term  photography  (light-drawings)  to  indicate  the  production  of  pictures  by  the 
agency  of  the  sunbeam.    See  Photography. 

The  actual  conditions  of  the  sunbeam  wiU  be  understood  by  reference  to  the  annexed 
woodcut,  and  attention  to  the  following  description,  ^g^.  15: 
a  b  represents  the  prismatic  spectrum — as  obtained  by  the  de- 
composition of  white  light  by  the  prism — or  Newtonian  luminous 
spectrum,  consisting  of  certain  bands  of  colour.  Newton  deter- 
mined those  rays  to  be  seven  in  number ;  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet ;  recent  researches,  by  Sir  John 
Herschel  and  others,  have  proved  the  existence  of  two  other 
rays  ;  one,  the  extreme  red  or  crimson  ray  c,  found  at  the  least 
refrangible  end  of  the  spectrum,  the  other  occurring  at  the 
most  frangible  end,  or  beyond  the  violet  rays,  which  is  a  laven- 
der or  grey  ray.  Beyond  this  point  up  to  /,  Professor  Stokes 
has  discovered  a  new  set  of  rays,  which  are  only  brought  into 
view  when  the  light  is  received  upon  the  surfaces  of  bodies 
which  possess  the  property  of  altering  the  refrangibility  of 
the  rays.  Those  rays  have  been  called  the  fluorescent  rays, 
from  the  circumstance  that  some  of  the  varieties  of  Fluor 
Spar  exhibit  this  phenomenon  in  a  remarkable  manner.  (See 
Fluorescence.)  The  curved  line  l  from  a  to  c  indicates  the 
full  extent  of  the  luminous  spectrum,  the  point  marked  L 
showing  the  maximum  of  illuminating  power,  which  exists  in 
the  yellow  ray. 

Sir  William  Herschel  and  Sir  Henry  Englefield  determined, 
in  the  first  instance,  the  maximum  point  for  the  calorific  rays, 
and  Sir  John  Herschel  subsequently  confirmed  their  results, 
proving  that  the  greatest  heat  was  found  below  the  red  ray, 
and  that  it  gradually  diminished  in  power  with  the  increase  of  refrangibility  in  the 
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rays,  ceasing  entirely  in  the  yiolet  ray.  Heat  rays  have  been  detected  down  to  the 
point  cL  and  the  curved  line  H  indicates  the  extent  of  their  action. 
^  Now  if  any  substance  capable  of  undergoing  chemical  change  be  exposed  to  this  spec- 
trum" the  result  will  be  found  to  be  such  as  is  represented  in  the  accompanying  figure 
and  A- 16.  Over  the  space  upon  which  the  greatest  amount  of  light  falls,  ze.  the  region 
of  the  yellow  and  oraLge  rays  l,  no  chemical  charige  is  efiected:  by  prolonged  action 
a  sli-ht  change  is  brought  about  where  the  red  ray  falls,  r,  but  from  the  mean  green 
ray  g  up  to  the  point  /,  a  certain  amount  of  chemical  action  is  maintained;  the  maximum 
of  action  being  in  the  blue  and  violet  rays  A.  Thus  the  curve  line  (Jg.  15)  from 
e  to  /  represents  the  extent  and  degree  of  chemical  power  as  manitested  in  the 
solar  spectrum.  Two  maxima  are  marked  a  a,  differing  widely  however  in  their 
degree. 

Here,  as  in  Berard's  experiments,  we  see  that  where  the  light  is  the  16 
strongest,  there  is  no  chemical  action,  and  that  as  the  luminous  power 
diminishes  the  chemical  force  is  more  decidedly  manifested. 

Again,  we  find  that  if  we  take  a  piece  of  yellow  glass,  stained  with 
oxide  of  silver,  we  have  a  medium  which  entirely  prevents  the  permeation 
of  the  chemical  rays,  though  it  obstructs  no  Light.  But,  if  a  very  dark 
blue  glass  is  taken,  we  find  that  ninety  per  cent,  of  the  luminous  rays  are 
obstructed,  while  the  chemical  rays  permeate  it  most  freely.  Numerous 
experiments  of  an  analogous  character  appear  to  prove  that  the  chemical 
and  luminous  powers  of  the  sunbeam  are  balanced  against  each  other  (see 
Hunt's  "  Eesearches  on  Light "),  that  they  are  indeed  antagonistic  prin- 
ciples or  powers.  That  there  are  three  very  distinct  sets  of  phenomena, 
every  one  admits. 

Light  (luminous  power),  to  which  belongs  the  phenomena  of  vision  and 
the  production  of  colour. 

Heat  (calorific  power),  the  function  of  which  appears  to  be  the  deter- 
mining the  physical  condition  of  all  matter,  as  regards  its  solid,  fluid,  or 
gaseous  condition. 

Actinism  (chemical  power),  to  which  aU  the  phenomena  of  photogra- 
phy are  due,  and  many  of  the  more  remarkable  changes  observed  in  the 
vegetable  kingdom. 

ACTINOGRAPH.  A  name  given  to  an  instrument  for  recording  the 
variations  in  the  chemical  (actinic)  power  of  the  solar  beams.  The  name 
signifies  ray  writer. 

ACTINOMETER.  (Ray  measurer.)  The  name  of  various  forms  of  in- 
struments, the  objects  of  which  are  to  measure  the  direct  heat  radiations 
from  the  sun.  The  term  has  also  been  applied  to  instruments  employed 
to  measure  the  varying  intensities  of  Light. 

ADDITIONS.    Such  articles  as  are  added  to  the  fermenting  wash  of 
the  distiller,  were  of  old  distinguished  by  this  trivial  name. 

ADHESION  (sticking  together).  The  union  of  two  surfaces.  With  the  phenomena 
which  are  dependent  upon  bringing  two  surfaces  so  closely  together  that  the  influ- 
ence of  cohesion  is  exerted,  we  have  not  to  deal.  In  arts  and  manufactures  adhe- 
sion is  eff'ected  by  interposing  between  the  surfaces  to  be  united,  some  body  possessing 
peculiar  properties,  such  as  gum,  plaster,  resin,  marine  or  ordinary  glue,  and  various 
kinds  of  cement.  (See  those  articles.)  In  many  treatises,  there  has  been  a  sad  con- 
fusion between  the  terms  adhesion  and  cohesion.  It  is  to  be  regretted  that  our  litera- 
ture shows  a  growing  carelessness  in  this  respect.  Adhesion  should  be  restricted  to 
mean,  sticking  together  by  means  of  some  interposed  substance  ;  cohesion,  the  state 
of  union  effected  by  natural  attraction.  ' 

Not  only  is  adhesion  exhibited  in  works  of  art  or  manufacture,  we  find  it  very 
strikingly  exhibited  in  nature.  Fragments  of  rocks  which  have  been  shattered  by 
convulsion  are  found  to  be  cemented  together  by  silica,  lime,  oxide  of  iron  and 
the  like.  We  sometimes  find  portions  of  stone  cemented  together  by  the  ores  of  the 
metals  and,  again,  broken  parts  of  mineral  lodes  are  frequently  reunited  by  the 
earthy  minerals. 

ADIPOC  IRE.  From  adeps,  fat ;  cera,  wax.  (Adipocire,  Fr. ;  Fetlwachs,  Germ  )  The 
fatty  matter  supposed  to  be  generated  in  dead  bodies  buried  under  peculiar  circum 
stances.  It  is  chiefly  margarate  of  ammonia.  In  1786  and  1787,  when  the  churchyard 
of  the  Innocents,  at  Pans,  was  cleaned  out,  and  the  bones  transported  to  the  Catacombs 
it  was  discovered  that  not  a  few  of  the  cuduvres  were  converted  into  a  sapou'iceous 
white  substance,  more  especially  many  of  those  which  had  been  interred  for  fiftepn 
years  in  one  pit,  to  the  amount  of  1500,  in  coffins  closely  packed  together  THp^p 
bodies  were  flattened  in  con.sequence  of  their  mutual  pressure;  and  though  thpv 
generally  retained  their  shape,  there  was  deposited  round  the  bone's  of  several  a 
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greyish  white,  somewhat  soft,  flexible  substance.  Fourcroy  presented  to  the  Academy 
or  sciences,  m  1789,  a  memoir  which  appeared  to  prove  that  the  fatty  body  was  an 
ammoniacal  soap  containing  phosphate  of  lime;  that  the  fat  was  similar  to  sper- 
maceti, as  it  assumed,  on  slow  cooling,  a  foliated  crystalline  structure  ;  as  also  to  wax, 
as,  when  rapidly  cooled,  it  became  granular ;  hence  he  called  it  adipocire.  Its  meltins 
point  was  52-5°  C.  (126-5°  F.)  ^ 

This  substance  was  again  examined  by  Chevreul,  in  1812,  and  was  found  by  him 
to  contain  marganc  acid,  oleic  acid,  combined  with  a  yellow  colouring  odorous  matter 
besides  ammonia,  a  little  lime,  potash,  oxide  of  iron,  salts  of  lactic  acid,  an  azotised 
substance  ;  and  was  therefore  considered  as  a  combination  of  margaric  and  oleic 
acids,  in  variable  proportions.  These  fat  acids  are  obviously  generated  by  the 
reaction  of  the  ammonia  upon  the  margarine  and  olcine,  though  they  eventually  lose 
the  greater  part  of  that  volatile  alkali.  It  is  sometimes  confounded  with  chlorestine 
See  Fat  and  Fatty  Bodies. 

Bog  butter  is  said  to  be  a  similar  substance ;  and  Adipocihe  is  a  synonvme  of 
Hatchettine,  or  rock  fat.  * 

ADIPOSE  SUBSTANCE  or  ADIPOSE  TISSUE.  {Tissu  graisseux,Yr.-)  An 
animal  oil,  resembling  in  its  essential  properties  the  vegetable  oils.  During  life,  it 
appears  to  exist  in  a  fluid  or  semi-fluid  state ;  but,  in  the  dead  animal,  it  is  frequently 
found  in  a  solid  form,  constituting  suet,  which,  when  divested  of  the  membrane  in 
which  it  is  contained,  is  called  tallow.    See  Taxlow,  Oils,  &c. 

ADIT,  or  ADIT  LEVEL.  The  horizontal  entrance  to  a  mine ;  a  passage  or 
level  driven  into  the  hill-side.    The  accompanying  section  gives,  for  the  purpose  of 

distinctness,  an  exaggerated  sec- 
tion of  a  portion  of  the  subterra- 
nean workings  of  a  metalliferous 
mine.  It  should  be  understood 
tliat  d  represents  a  minerallode, 
upon  which  the  shaft,  a,  has  been 
sunk.  At  a  certain  depth  from 
the  surface  of  the  hill  the  miners 
would  be  inconvenienced  by  water, 
consequently  a  level  is  driven  in 
from  the  side  of  the  hill,  b,  through 
which  the  water  flows  ofi',  and 
through  which  also  the  miner  can 
bring  out  the  broken  rock,  or  any 
ores  which  he  may  obtain.  Proceeding  still  deeper,  supposing  the  workings  to  have 
commenced,  as  is  commonly  the  case,  at  a  certain  elevation  above  the  sea-level,  similar 
conditions  to  those  described  again  arising,  another  level  is  driven  so  as  to  intersect 
the  shaft  or  shafts,  as  shown  at  c.  In  this  case,  b  would  be  called  the  shallow,  and  c 
the  deep  adit.  The  economy  of  such  works  as  these  is  great,  saving  the  cost  of  ex- 
pensive pumping  machinery,  and,  in  many  cases,  saving  also  considerable  labour  in 
the  removal  of  ores  or  other  matter  from  the  mine. 

The  great  Gwennap  Adit,  in  Cornwall,  with  its  branches,  was  cut  through  the  solid 
rock  for  nearly  30  miles  ;  through  it  numerous  mines  are  drained  to  a  certain  depth, 
and  the  water  pumped  from  greater  depths  discharged.  The  Nentforce  Level,  or 
Adit,  in  Alston  Moor,  has  been  wrought  under  the  course  of  the  river  Nent,  and 
it  extends  about  3\  miles  into  that  important  mining  district. 

ADULTERATION.  The  practice  of  debasing  any  product  of  manufacture  by 
the  introduction  of  cheap  and  often  injurious  materials. 

The  extent  to  which  the  adulteration  of  almost  every  useful  article  is  carried,  is  at 
once  a  disgrace  to  the  trading  commuuity,  and  a  standing  reflection  on  an  age  which 
boasts  of  its  high  moral  character.  i.    .i.     j     -u  ■       i  j 

ADZE.  A  cutting  instrument  ;  differing  from  the  axe  by  the  edge  being  placed 
at  nearly  right  angles  to  the  handle,  and  being  slightly  curved  up  or  inflected  towards  it. 
The  instrument  is  held  in  both  hands,  whilst  the  operator  stands  upon  his  work  in  a 
stoopinff  position;  the  handle  being  from  twenty-four  to  thirty  inches  long,  and  the 
we°ih?  of  the  blade  from  two  to  four  pounds.  The  adze  is  swung  in  a  circular  path 
Sst  of  the  same  curvature  as  the  blade,  the  shoulder  joint  bemg  th^^^^^^^ 
motion,  and  the  entire  arm  and  tool  forming,  as  it  w-ere,  'f.^^'^'^'^^^f  1 
tool,  therefore,  makes  a  succession  of  small  arcs,  and  ui  each  ^1°^  ^he  ai  m  of  the 
workman  is  brought  in  contact  with  the  thigh,  which  serves  as  ^ /'"P  I'J.^^^,'^* 
accident.  In  coarse  preparatory  works,  the  workman  directs  his  adze  ^^loug\^J}^ 
space  between  his  two  feet  ;  he  thus  surprises  us  by  the  quantity  o V !,  I^;  ' 
irfine  "mks  he  frequently  places  his  toes  over  the  spot  to  be  wrought,  and  the  adze 
"enetrare'two  or  th?re  inc'hL  beneath  the  sole  of  the  shoe ;  and  he  thus  surprises  us 
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bv  the  aoparent  danger,  yet  perfect  working  of  the  instrument,  which,  in  the  hands 
of  f  shipwrSit  in  par  icular,  almost  rivals  the  joiner's  plane ;  it  is  with  him  the 
fearlfunrverS  parbg  instrument,  and  is  used  upon  works  in  all  positions.  _i?o/^- 

'"iEOLIAN  HARP.  A  musical  instrument ;  the  invention  of  Kircher ;  although 
it  was  protably  indicated  by  Hero  of  Alexandria.  The  musical  sounds  are  produced 
by  the  action  of  a  current  of  air  upon  strings  placed  above  a  long  box  of  ttin  deal. 
The  wires  of  the  electric  telegraph  on  the  sides  of  our  railroads  are  frequently  set  m 
such  a  state  of  vibration  by  the  wind,  that  they  become  im 

AERATED  "WATER.  The  common  commercial  name  ot  water  artmciaiiy  im- 
nrcnated  with  carbonic  acid.  .  ,  ,  i-i 

AEROLITES  Meteoric  stones.  It  cannot  be  denied  that  masses  of  solid  mattei 
have  fallen  from  the  atmosphere  upon  this  earth.  Various  hypotheses  have  been 
proposed  to  account  for  them  ;  amongst  others  the  following  may  be  named  :  — 

1  That  they  are  aggregations  of  solid  matter  which  take  place  in  the  higher 
reffions  of  the  air.  When  we  remember  that  hydrogen  gass  will  dissolve,  and  carry 
off  in  an  invisible  state  many  of  our  metals,  and  that  all  known  metals  are  volatile  under 
certain  conditions  of  heat,  it  wiU  be  evident  that  such  combinations  might  take  place. 

2.  That  they  are  projected  from  volcanoes  in  the  moon.  The  researches  of  Nas- 
myi'h,  Smyth,  and  others  appear  to  prove  that  our  satellite,  whatever  may  have  been 
her  condition  at  one  period,  is  now  in  a  state  of  repose;  nothing  like  an  active 
volcano  has  been  discovered  on  the  moon's  surface. 

3.  That  a  belt  or  belts  of  fragments  of  matter  circulate  in  a  certain  orbit  or  orbits 
around  the  sun,  and  that  these  fragments,  sometimes  entering  our  atmosphere,  are 
involved  in  the  earth's  influences,  and  fall  in  obedience  to  the  law  of  gravitation.  The 
flights  of  "  shooting  stars  "  which  are  observed  at  peculiar  periods  appear  to  favour 
this  view. 

It  is  evident  that  meteoric  stones  are  of  cosmical  origin;  and  the  composition, 
therefore,  of  such  as  have  been  examined,  shows  us  the  composition  of  masses  of 
matter  existing  beyond  the  earth.  A  few  analyses  of  meteoric  stones  will  exhibit 
the  chemical  character  of  these  extraordinary  masses. 


(1)                    (2)  (3)  (4) 

Iron          -       -  89-78       .    .       90-88  .  .  88-98  .  .  86-64 

8-45  ,  .  10-35  .  .  13-04 

0-65  .  .  —  .  .  — 

002  .  .  0-21  .  .  0-27 

—  .  .  0-34  .  .  — 

_  .  .  0-10  .  .  0'05 


Nickel      -  -  8-88 

Cobalt       -  -  0-66 

Copper     -  -  — 

Tin  -  -  _ 

Phosphorus  -  — 


-Brook  and  Miller. 


A  meteorite  fell  at  Dharwar,  in  the  East  Indies,  on  the  15th  February,  1848,  which  gave 
58-3  per  cent,  of  silicates  insoluble  in  aqua  regia ;  2  5  of  sulphur,  6-76  of  nickel,  and 
22  18  of  iron.  Another  stone  from  Singhur,  near  Ponna,  in  the  Deccan,  gave 
earthy  silicate,  19  5  ;  iron,  69-16  ;  and  nickel,  4-24.  Ehrenberg  examined  a  black 
inky  rain-water  which  fell  in  Ireland  on  the  1 5th  of  April,  1 849,  and  found  the  black 
colour  to  consist  of  minute  particles  of  decayed  plants,  which  had  probably  been  brought 
by  the  trade  winds,  and,  floating  in  clouds  of  aqueous  vapour,  had  decayed. 

AEROSTATION ;  AERONAUTICS.  The  ascent  into  the  atmosphere  by  means 
of  balloons. 

The  Montgolfier  balloon  is  a  bag  filled  with  air  which  is  rarefied  by  the  action  of 
fire  ;  and  thus  the  whole  mass  is  rendered  specifically  lighter  than  the  surrounding 
medium. 

The  investigations  of  Cavendish  led  to  the  use  of  hydrogen  gas,  the  lightest  of 
known  bodies,  to  inflate  silken  bags  ;  and  since  his  time  our  balloons  have  been  inflated 
with  either  pure  hydrogen,  or  with  common  coal  gas  —  carburetted  hydrogen. 

Notwithstanding  the  numerous  attempts  which  have  been  made  to  navigate  the 
air,  nothing  has  been  done  to  enable  the  aeronaut  to  steer  his  balloon.  In  whatever 
current  of  air  he  may  be,  with  that  current  he  moves;  until  this  difficulty  is  overcome, 
we  cannot  expect  any  satisfactory  results  from  aeronautics.  Some  interesting  and 
useful  experiments  have  been  made  by  using  captive  balloons,  by  ivhicli  we  have 
arrived  at  some  facts  connected  with  the  upper  regions  of  the  air,  which  could  not  be 
obtained  by  any  other  means.    See  Balloons. 

iERUGO.  {Verdigris;  carbonate  of  copper,  which  see.)  The  name  formerly 
given  to  the  bright  green  rust,  produced  by  the  oxygen  of  the  air  and  carbonic 
acid,  upon  copper,  and  its  alloys  bronze  and  brass.  The  Romans  gave  this  name ; 
they  considered  that  the  [criigo  added  much  to  the  beauty  of  their  statues;  and 
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adjusted  the  composition  of  their  alloys  with  the  view  of  producing  the  finest  green 
colour     This  was  frequently  effected  artificially;  and  to  distinguish  the  real  from 
tlie  artfacial  they  used  the  term  aruyo  nobilis.    This  is  the  patina  of  the  Italians  •  it 
is  the  same  as  verdigris.  ' 
iETHER.    See  Ether. 

AFFINITY.  The  term  used  hy  chemists  to  denote  the  peculiar  attractive  Force 
which  produces  the  comhination  of  dissimilar  substances, —  as  an  acid  with  an  alkali 
or  of  sulphur  with  a  metal.    See  Ure's  "  Dictionary  of  Chemistry."  ' 

AGARIC  of  the  oak;  called  also  surgeon's  agaric,  spunk,  touchwood.    A  fungus 
found  growing  on  the  oak,  birch,  willow,  and  other  trees.    See  Amadou. 
_  AGATE.  An  instrument  used  by  gold- wire  drawers,  so  called  from  the  agate  fixed 
in  the  middle  of  it. 

AGATE.  (Agate,  Fr. ;  Achat,  Gr. ;  Achates,  Lat.)  A  siliceous  mineral ;  a  varie- 
gated variety  of  chalcedony. 

_  This  stone  is  the  'Axarrjy  of  the  Greeks,  by  whom  it  was  so  called  after  the  river 
m  Sicily  of  that  name,  whence,  according  to  Theophrastus,  agates  were  first  procured. 
Bochart,  with  much  probability,  deduces  the  name  from  the  Punic  and  Hebrew, 
nakad,  spotted. 

The  colours  of  agate  are  either  arranged  in  parallel  or  concentric  bands,  or  assume 
the  form  of  clouds  or  spots,  or  arborescent  and  moss-like  stains.  These  colours  are 
due  to  the  presence  of  metallic  oxides,  and  when  indistinct,  they  are  frequently  arti- 
ficially developed  or  produced.  By  boiling  the  colourless  stone  in  oil,  and  afterwards 
in  sulphuric  acid,  the  oil  is  absorbed  by  the  more  porous  layers  of  the  stone  ;  it  subse- 
quently becomes  carbonised,  and  thus  the  contrast  of  the  various  colours  is  heightened. 
The  red  varieties,  also,  are  artificially  produced  by  boiling  them  in  a  solution  of 
proto-sulphate  of  iron ;  after  which,  upon  exposing  the  stones  to  heat,  peroxide  of 
iron  is  formed,  and  thus  red  bands,  or  rings,  of  varying  intensities,  are  produced. 
Cornelians  are  thus  very  commonly  formed  ;  the  colouring  matter  of  the  true  stone 
being  a  peroxide  of  iron. 

Agates  never  occur  in  a  crystalline  form,  but  in  the  form  of  rounded  pebbles  ;  they 
are  translucent  by  transmitted  light,  but  are  not  transparent,  have  a  wax-like  fracture, 
and  they  are  susceptible  of  a  brilliant  polish. 

Agates  are  used  in  the  arts  for  inlaying,  and  for  burnishing  gold  and  silver  :  they 
are  also  made  into  mortars  for  chemical  purposes  ;  and  when  cut  aud  polished,  they 
are  converted,  in  considerable  quantities,  into  brooches,  bracelets,  and  other  orna- 
mental articles. 

Agates  are  brought  to  this  country  from  Arabia,  India,  and  Oberstein,  in  Saxony : 
they  are  also  found  in  Perthshire,  and  other  parts  of  Scotland.  The  Scotch  Pebble 
is  a  variety  of  the  agate,  known  by  its  zigzag  pattern  as  the  Fortification  Agate. 

Agates  are  found  frequently  in  the  amygdaloid  rocks  of  Galgenburg,  near  Ober- 
stein. They  are  usually  ground  into  form,  cut,  and  polished,  at  water-mills  in  the 
neighbourhood,  where  a  considerable  trade  in  them  is  carried  on. 

Moss  Agate,  or  Mocha  Stone,  is  a  chalcedony,  containing  within  it  dendritic  or 
moss-like  delineations,  of  an  opaque  brownish-yellow  colour,  which  are  due  to  oxyde 
of  manganese,  or  of  iron. — H.  W.  B. 

Agates  are  found  in  the  Canton  markets,  as  articles  of  commerce,  in  abundance, 

and  of  the  following  varieties  : 

The  white-veined  agate,  called  also  Mocha  Stone,  varies  from  1  to  8  inches 

in  diameter. 

The  dull,  milky  agate,  not  so  valuable,  occurs  in  sizes  of  1  to  10  inches. 
Lead-coloured  agate,  sometimes  uniform,  and  sometimes  spotted,  occurs  of  large 
size,  and  is  used  for  cups  and  boxes. 
Flesh-coloured. 

Blood-colourecl.  This  is  sometimes  variegated  with  pale  blue  and  brown ;  the 
blue  always  surrounds  the  red ;  the  brown  has  the  tint  of  horn. 

Clouded  and  spotted  flesh-coloured  agate  is  found  subject  to  many  flaws. 
Red  agate,  with  yellow,  is  of  1  to  4  inches  in  diameter. 

The  yellow  has  various  tints.  Sometimes  the  pebbles  are  7  inches  m  length. 
The  yellow  agate  is  used  for  knife  handles. 

The  pale  yellow  agate  is  very  scarce ;  it  is  called  also  Leonma,  being  variegated 
with  white,  black,  and  green,  and  bearing  some  resemblance  to  a  lion's  skin. 

Blackish-veined  brown  agate,  in  pieces  from  2  to  7  inches  in  diameter,  is  very 
hard,  and  is  cut  into  seals,  buttons,  and  heads  of  canes,  &c.  with  natural  veins, 
or  fictitious  colours,  sunk  into  the  stone.    It  appears  to  be  of  much  value. 

— Oriental  Commerce. 
Agate  is  found  sufficiently  large  to  be  formed  into  mortars  for  chemical  purposes. 
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"  The  roval  collection  at  Dresden  contains  a  table-service  of  German  agate  ;  and  at 
vFe^LTthe  Serial  cabinet,  there  is  an  oval  dish,  twenty-two  inches  m  length, 

'"T^ttefmly  li%?red7rS^  by  soaking  in  a  solution  of  nitrate  of  silver,  and 
aft™L  exposing  them  to  the  sun/  These  artificial  colours  d.sappear  on  laying 
fhe  s  one  for  a^n  ght  in  aquafortis.  A  knowledge  of  the  practicability  of  thus  staining 
Igates  naturaUy  feads  to  the  suspicion  of  many  of  the  colours  bemg  the  work,  not  of 


nature,  but  of  art 

Imports. 


Agates  or  Cornelians. 

1855. 

185G. 

Set  ^'il'ie 

Not  set,  cut,  or  manufactured    -       -       -  „ 
Not  set,  not  cut,  or  manufactured      -       -  » 

£536 
4,486 
171 

£336 
6,698 
500 

AIR.  The  gaseous  envelope  which  surrounds  this  Earth  is  emphatically  so  called  ; 
it  consists  of  the  gases  nitrogen  and  oxygen.  ,  • 

About  79  measures  of  nitrogen,  or  azote,  and  21  of  oxygen,  with  yj^th  ot  carbonic 
acid,  constitute  the  air  we  breathe.  The  term  air  is  applied  to  any  permanently 
gaseous  body.  And  we  express  different  conditions  of  the  air,  as  good  air,  bad  air, 
foul  air,  &c.  .  . 

AIR,  COMPRESSED.    For  its  employment  in  some  mining  operations,  see 

Mining.  . 

AIR-ENGINE.  The  considerable  expansibility  of  air  by  heat  naturally  suggested 
its  use  as  a  motive  power  long  before  theoretical  investigation  demonstrated  its  actual 
value.  The  great  advance  made  during  the  last  few  years  in  our  knowledge  of  the 
mechanical  action  of  heat,  has  enabled  us  to  determine  with  certainty  the  practical 
result  which  may  be  obtained  by  the  use  of  any  contrivance  for  employing  heat  as  a 
prime  mover  of  machinery.  We  are  indebted  to  Professor  "Wm.  TLomson  for  the 
fundamental  theorem  which  decides  the  economy  of  any  thermo-dynamic  engine.  It 

is  that  in  any  perfectly  constructed  engine  the  fraction  of  heat  converted  into  work 

is  equal  to  the  range  of  temperature  from  the  highest  to  the  lowest  point,  divided  by 
the  highest  temperature  reckoned  from  the  zero  of  absolute  temperature.  Thus,  if 
we  have  a  perfect  engine  in  which  the  highest  temperature  is  280°  and  the  lowest  80° 

280  —  80 

F.,  the  fraction  of  heat  converted  into  force  will  be   '—  or  rather  more  than 

'  280  +  460, 

one  quarter.  So  that,  if  we  use  a  coal  of  which  one  pound  in  combustion  gives  out 
heat  equivalent  to  10,380,000  foot  pounds,  such  an  engine  as  we  have  just  described 
would  produce  work  equal  to  28,05,405  foot  pounds  for  each  pound  of  coal  consumed 
in  the  furnace.  From  the  above  formula  of  Professor  Thomson,  it  will  appear  that 
the  economy  of  any  perfect  thermo-dynamic  engine  depends  upon  the  range  of  tem- 
perature we  can  obtain  in  it.  And  as  the  lowest  temperature  is  generally  nearly 
constant,  being  ruled  by  the  temperature  of  the  surface  of  the  earth,  it  follows  that 
the  higher  we  can  raise  the  highest  temperature,  the  more  economical  will  be  the 
engine.  The  question  is  thus  reduced  to  this:  —  In  what  class  of  engine  can  we 
practically  use  the  highest  temperature  ?  In  the  steam-engine  worked  with  satu- 
rated vapour,  the  limit  is  obviously  determined  by  the  amount  of  pressure  which  can 
be  safely  employed.  In  the  steam-engine  worked  with  super-heated  vapour — i.e.  in 
which  the  vapour,  after  passing  from  the  boiler,  receives  an  additional  charge  of  heat 
without  being  allowed  to  take  up  more  water — and  also  in  the  air-engine,  the  limit 
will  depend  upon  the  temperature  at  which  steam  or  air  acts  chemically  upon  the 
metals  employed,  as  well  as  upon  the  power  of  the  metals  themselves  to  resist  the 
destructive  action  of  heat.  It  thus  appears  that  the  steam-engine  worked  with  super- 
heated steam  possesses  most  of  the  economical  advantages  of  the  air-engine.  But 
when  we  consider  that  an  air-engine  may  be  made  available  where  a  plentiful  supply 
of  water  cannot  be  readily  obtained,  the  importance  of  this  kind  of  thermo-dynamic 
engine  is  incontestable.  The  merit  of  first  constructing  a  practical  air-engine 
belongs  to  Mr.  Stirling.  Mr.  Ericsson  has  subsequently  introduced  various  refine- 
ments, such  as  the  respirator— a  reticulated  mass  of  metal,  which,  by  its  extensive 
conducting  surface,  is  able,  almost  instantaneously,  to  give  its  own  temperature  to  the 
air  which  passes  through  it.  But  various  practical  difficulties  attend  these  refine- 
ments, which,  at  best,  only  apply  to  engines  worked  between  particular  temperatures 
The  least  complex  engine,  and  that  which  would  probably  prove  most  effectual  in 
practice,  is  that  described  in  the  "Philosophical  Transactions,"  1852,  Part  I.  It 

D  3 


38 


V 

AIR-ENGINE. 


consists  of  a  pump,  whicli  compresses  air  into  a  receiver,  in  which  it  receives  an 
aclditional  charge  of  heat ;  and  a  cylinder,  the  piston  of  which  is  worked  by  the 
heated  air  as  it  escapes.  The  difference  between  the  work  produced  by  the  cylinder 
and  that  absorbed  by  the  pump  constitutes  the  force  of  the  engine ;  which,  being  com- 
pared with  the  heat  communicated  to  the  receiver,  gives  results  exactly  conformable 
with  the  law  of  Professor  Thomson  above  described.— J.  P.  J. 

Dr.  Joule  has  proposed  various  engines  to  be  worked  at  temperatures  below  red- 
ness, which,  if  no  loss  occurred  by  friction  or  radiation,  would  realise  about  one- 
half  the  work  due  to  the  heat  of  combustion;  or  about  four  times  the  economical 
duty  which  has,  as  yet,  been  attained  by  the  most  perfect  steam-engine. 

A  detailed  account  of  Ericsson's  Calorific  Engine  may  be  useful,  especially  as  a 
certain  amount  of  success  has  attended  his  efforts  in  applying  the  expansive  power  of 
heat  to  move  machinery.  It  is  stated  in  Hunt's  "  Merchant's  Magazine  "  that  Ericsson's 
engines  are  at  work  in  the  foundry  of  Messrs.  Hogg  and  Delamater,  in  New  York  ; 
one  engine  being  of  five  and  another  of  sixty  horse  power.  The  latter  has  four 
cylinders.  Two,  of  seventy-two  inches  diameter,  stand  side  by  side.  Over  each  of 
these  is  placed  one  much  .smaller.  Within  these  are  pistons  exactly  fitting  their 
respective  cylinders,  and  so  connected,  that  those  within  the  lower  and  upper 
cylinders  move  together.  Under  the  bottom  of  each  of  the  lower  cylinders  a  fire 
is  applied,  no  other  furnaces  being  employed.  Neither  boilers  nor  water  are  used. 
The  lower  is  called  the  working  cylinder ;  the  upper,  the  supply  cylinder.  As  the 
piston  in  the  supply  cylinder  moves  down,  valves  placed  in  its  top,  open,  and  it 
becomes  filled  with  cold  air.  As  the  piston  rises  within  it,  these  valves  close,  and 
the  air  within,  unable  to  escape  as  it  came,  passes  through  another  set  of  valves 
into  a  receiver,  from  whence  it  has  to  pass  into  the  working  cylinder  to  force  up  the 
working  piston  within  it.  As  it  leaves  the  receiver  to  perform  this  duty,  it  passes 
through  what  is  called  the  regenerator,  where  it  becomes  heated  to  about  450° ;  and 
upon  entering  the  working  cylinder,  it  is  further  heated  by  the  supply  underneath. 
For  the  sake  of  illustration,  merely,  let  us  suppose  that  the  working  cylinder  contains 
double  the  area  of  the  supply  cylinder :  the  cold  air  which  entered  the  upper  cylin- 
der will,  therefore,  but  only  half  fill  the  lower  one.  In  the  course  of  its  passage  to 
the  latter,  however,  it  passes  through  the  regenerator ;  and  as  it  enters  the  working 
cylinder,  we  will  suppose  that  it  has  become  heated  to  about  480^,  by  which 
it  is  expanded  to  double  its  volume,  and  with  this  increased  capacity  it  enters  the 
working  cylinder.  We  will  further  suppose  the  area  of  the  piston  within  this  cylin- 
der to  contain  1000  square  inches,  and  the  area  of  the  piston  in  the  supply  cylinder 
above  to  contain  but  500.  The  air  presses  upon  this  with  a  mean  force,  we  will  sup- 
pose, of  about  eleven  pounds  to  each  square  inch ;  or,  in  other  words,  with  a  weight 
of  5500  pounds.  Upon  the  surface  of  the  lower  piston  the  heated  air  is,  however, 
pressing  upwards  with  a  like  force  upon  each  of  its  1000  square  inches;  or,  in 
other  words,  with  a  force  which,  after  overcoming  the  weight  above,  leaves  a  surplus 
of  5500  pounds,  if  we  make  no  allowance  for  friction.  This  surplus  furnishes  the 
working  power  of  the  engine.  It  will  be  seen  that  after  one  stroke  of  its  pistons  is 
made,  it  will  continue  to  work  with  this  force  so  long  as  sufficient  heat  is  supplied  to 
expand  the  air  in  the  working  cylinder  to  the  extent  stated;  for,  so  long  as  the 
area  of  the  lower  piston  is  greater  than  that  of  the  upper,  and  a  like  pressure  is  upon 
every  square  inch  of  each,  so  long  will  the  greater  piston  push  forward  the  smaller,  as 
a  two-pound  weight  upon  one  end  of  a  balance  will  be  sure  to  bear  down  a  one  pound 
weight  placed  upon  the  other.  We  need  hardly  say,  that  after  the  air  in  the  working 
cylinder  has  forced  up  the  piston  within  it,  a  valve  opens  ;  and  as  it  passes  out,  the 
pistons,  by  the  force  of  gravity,  descend,  and  cold  air  again  rushes  into  and  fills  the 
supply 'cylinder.  In  this  manner  the  two  cylinders  are  alternately  supplied  and  dis- 
charged, causing  the  pistons  in  each  to  play  up  and  down  substantially  as  they  do  m 

the  steam-engine.  ,     ,  a,    •     •  • 

The  reqenerator  must  now  be  described.  It  has  been  stated  that  atmospheric  air  is 
first  drawn  into  the  supply  cylinder,  and  that  it  passes  through  the  regenerator  into 
the  working  cylinder.  The  regenerator  is  composed  of  wire  net,  like  that  used  m  the 
manufacture  of  sieves,  placed  side  by  side,  until  the  series  attains  a  thickness  of  about 
1"  inches  Through  the  almost  innumerable  ceUs  formed  by  the  intersections  of  the 
wire,  the  air  must  pass  on  its  way  to  the  working  cylinder.  In  passing  through  these 
it  is  so  minutely  divided  that  all  parts  are  brought  into  contact  with  the  wires. 
Supposing  the  side  of  the  regenerator  nearest  the  working  cylinder  is  heated  to  a 
high  temperature,  the  air,  in  passing  through  it,  takes  up,  as  we  jave  said,  about  4o0 
of  the  480°  of  heat  required  to  double  the  volume  of  the  air  ;  the  additional  30  are 
communicated  by  the  fire  beneath  the  cylinder.  ,        ,  j„„„ 

The  air  has  thus  become  expanded,  it  forces  the  piston  upwards  ;  it  has  done  its 
^oJk  - valves  open,  and  the  imprisoned  air,  heated  to  480°,  passes  Irom  the  cylinder 
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J  •  „f„,.c  wirPTifrator  throuo-h  which  it  must  pass  before  leaving  the 
xnachir  It  his  £tn  sTd  tC^lfe  Sfe  of  this  instrument  nearest  the  cylinder  is 
machine.  "J^'^^/^^.^  .  ^  j  i,y  the  action  upon  it  of  the  air  entering  in  the 
^JELSf  Airtio^n  at  each  up^tK  of  L  pistons  ;  --quenUy  - 
working  cylinder  passes  out,  the  wires  absorb  the  heat  so  effectually,  that  wnen  it 
leaves  the  regenerator  it  has  been  robbed  of  it  all,  except  about  30  . 

The  regenerator  in  the  60-horse  engine  measures  26  inches  m  height  and  width 
internally  Each  disc  of  wire  composing  it  contains  676  superficial  mches  and  the 
net  has  10  meshes  to  the  inch.  Each  superficial  inch,  therefore,  contains  100  meshes, 
which  multiplied  by  676,  gives  67,600  meshes  in  each  disc;  and,  as  200  discs  are 
employed,  it  follows  that  the  regenerator  contains  13,520,000  meshes;  and  con- 
sequently, as  there  are  as  many  spaces  between  the  discs  as  there  are  meshes,  we  find 
that  the  air  within  it  is  distributed  in  about  27,000,000  minute  cells.  Thence  every 
particle  of  air,  in  passing  through  the  regenerator,  is  brought  into  very  close  contact 
with  a  surface  of  metal  which  heats  and  cools  it  alternately.  Upon  this  action  ot  the 
regenerator,  Ericsson's  Calorific  Engine  depends.  In  its  application  on  the  large  scale, 
contemplated  in  the  great  Atlantic  steamer  called  "  The  Ericsson,"  the  result  was  not 
satisfactory.  We  may,  however,  notwithstanding  this  result,  safely  predicate,  from 
the  investigation  of  Messrs.  Thomson  and  Joule,  that  the  expansion  of  air  by  heat 
will  eventually,  in  some  conditions,  take  the  place  of  steam  as  a  motive  power. 

AIR-GUN.  This  is  a  weapon  in  which  the  elastic  force  of  air  is  made  use  of  to 
project  the  ball.  It  is  so  arranged,  that  in  a  cavity  in  the  stock  of  the  gun,  air  can  be, 
by  means  of  a  piston,  powerfuUy  condensed.  Here  js  a  reserved  force,  which,  upon 
its  being  relieved  from  pressure,  is  at  once  exerted.  When  air  has  been  condensed 
to  about  ;,i;th  of  its  bulk,  it  exerts  a  force  which  is  still  very  inferior  to  that  of  gun- 
powder. In  many  other  respects  the  air-gun  is  but  an  imperfect  weapon,  conse- 
quently it  is  rarely  employed. 

AIR-PUMP.  A  machine  by  which  the  air  can  be  exhausted  from  any  vessel  con- 
taining it.  It  is  employed  in  scientific  investigations  for  exhibiting  many  very  in- 
teresting phenomena  in  connection  with  the  pressure  of  air,  and  its  presence  or 
absence ;  and  it  is  connected  with,  and  forms  an  important  part  of,  the  improved 
modern  steam-engine.  Similar  machines  are  also  used  for  condensing  atmospheric 
air ;  these  have  been  employed  on  a  large  scale  in  some  civil  engineering  purposes. 

AIRO-HYDROGEN  BLOWPIPE.  A  blowpipe  in  which  air  is  used  in  the 
place  of  oxygen,  to  combine  with  and  give  intensity  of  heat  to  a  hydrogen  flame  for 
the  purposes  of  soldering.    See  Autogenous  Soldering. 

ALABASTER,  Gypsum,  Plaster  of  Paris  {Albalre,  Fr.;  Alabaster,  Germ.),  a 
sulphate  of  lime.  (See  Alabaster,  Oriental.  )  When  massive,  it  is  called  in- 
differently alabaster  or  gypsum ;  and  when  in  distinct  and  separate  crystals,  it  is 
termed  selenite.  Massive  alabaster  occurs  in  Britain  in  the  new  red  or  keuper 
marl  :  in  Glamorganshire,  on  the  Bristol  Channel ;  in  Leicestershire,  at  Syston  ;  at 
•  Tutbury  and  near  Burton-on-Trent,  in  Staffordshire  ;  at  Chellaston,  in  Derbyshire  ; 
near  Droitwich  it  is  associated  in  the  marl  with  rock  salt,  in  strata  respectively  40  and 
75  feet  in  thickness  ;  and  at  Northwich  and  elsewhere  the  red  marl  is  intersected 
with  frequent  veins  of  gypsum.  At  Tutbui'y  it  is  quarried  in  the  open  air,  and  at 
Chellaston  in  caverns,  where  it  is  blasted  by  gunpowder  :  at  both  places  it  is  burned 
in  kilns,  and  otherwise  prepared  for  the  market.  It  lies  in  irregular  beds  in  the 
marl,  that  at  Chellaston  being  about  30  feet  thick.  There  is,  however,  reason  to 
suppose  that  it  was  not  orignally  deposited  along  with  the  marl  as  sulphate  of  lime, 
but  rather  that  calcareous  strata,  by  the  access/)f  sulphuric  acid  and  water,  have  been 
converted  into  sulphate  of  lime  —  a  circumstance  quite  consistent  with  the  bulging  of 
the  beds  of  marl  with  which  the  gypsum  is  associated,  the  lime,  as  a  sulphate, 
occupying  more  space  than  it  did  in  its  original  state  as  a  carbonate.  At  Tutbury, 
and  elsewhere,  though  it  lies  on  a  given  general  horizon,  yet  it  can  scarcely  be  said 
to  be  truly  bedded,  but  ramifies  among  the  beds  and  jomts  of  the  marl  in  numerous 
films,  veins,  and  layers  of  fibrous  gypsum. 

A  snow-white  alabaster  occurs  at  Volterra,  in  Tuscany,  much  used  in  works  of 
art  in  Florence  and  Leghorn.  In  the  Paris  basin  it  occurs  as  a  granular  crystalline 
rock,  in  the  Lower  Tertiary  rocks,  known  to  geologists  as  the  upper  part  of  the  Middle 
Eocene  freshwater  strata.  It  is  associated  with  beds  of  white  and  green  marls  ■  but 
in  the  Thuringewald  there  is  a  great  mass  of  sulphate  of  lime  in  the  Permian  strata 
It  has  been  sunk  through  to  a  depth  of  70  feet,  and  is  believed  to  be  metamor- 
phosed magnesian  limestone  or  Zechstein.  In  the  United  States  this  calcareous  salt 
occurs  m  numerous  lenticular  masses  in  marly  and  sand  strata  of  that  part  of  the 
Upper  Silurian  strata  known  as  the  Onondaga  salt  group.  It  is  ex  avated  for  a'^ricul- 
tural  purposes.    For  mineralogical  character,  &c.,  see  Gypsum.— A  C  R 
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The  fineness  of  the  grain  of  alabaster,  the  uniformity  of  its  texture,  the  beantv  of  its 
polished  surface,  and  Us  semi-transparency,  are  the  qualities  which  render  it  valuable 
to  the  sculptor  and  to  the  manufacturer  of  ornamental  toys. 

The  alabaster  is  worlced  with  the  same  tools  as  marble;  and  as  it  is  many  deffrees 
softer.  It  IS  so  much  the  more  easily  cut;  but  it  is  more  difficult  to  polish  from  its 
little  solidity.  After  it  has  been  fashioned  into  the  desired  form,  and  smoothed  down 
with  pumice  stone,  it  is  polished  with  a  pap-like  mixture  of  chalk,  soap,  and  milk  •  and 
last  of  all,  finished  by  friction  with  flannel.    It  is  apt  to  acquire  a  yellowish  tinge  ' 

Besides  the  harder  kinds,  employed  for  the  sculpture  of  large  figures  there  is  a 
softer  alabaster,  pure  white  and  semi-transparent,  from  which  smaU  ornamental 
objects  are  made,  such  as  boxes,  vases,  lamps,  stands  of  time-pieces  &c  This 
branch  of  business  is  much  prosecuted  in  Florence,  Leghorn,  MOan,  &c.,  and  employs 
a  great  many  turning-lathes.  Of  all  the  alabasters,  the  Florentine  merits  the  pre- 
ference, on  account  of  its  beauty  and  uniformity,  so  that  it  may  be  fashioned  into 
figures  of  considerable  size  ;  for  which  purpose  there  are  large  workshops  where  it  is 
cut  with  steel  saws  into  blocks  and  masses  of  various  shapes.  Other  sorts  of  gypsum 
such  as  that  of  Salzburg  and  Austria,  contain  sand  veins,  and  hard  nodules,  and 
require  to  be  quarried  by  cleaving  and  blasting  operations,  which  are  apt  to  crack  it 
and  render  it  unfit  for  all  delicate  objects  of  sculpture.  It  is,  besides,  of  a  grey  shade 
and  often  stained  with  darker  colours.  ' 

The  alabaster  best  adapted  for  the  fine  arts  is  pretty  white  when  newly  broken,  and 
becomes  whiter  on  the  surface  by  drying.  It  may  be  easily  cut  with  the  knife  or 
chisel,  and  formed  into  many  pleasing  shapes  by  suitable  steel  tools.  It  is  worked 
either  by  the  hand  alone,  or  with  the  aid  of  a  turning-lathe.  The  turning  tools 
should  not  be  too  thin  or  sharp-edged;  but  such  as  are  employed  for  ivory  and 
brass  are  most  suitable  for  alabaster,  and  are  chiefly  used  to  shave  and  to  scratch  the 
surface.  The  objects  which  cannot  be  turned  may  be  fashioned  by  the  rasping  tools, 
or  with  minute  files,  such  as  variegated  foliage.  Fine  chisels  and  graving  tools  are 
also  used  for  the  better  pieces  of  statuary. 

For  polishing  such  works,  a  peculiar  process  is  required:  pumice  stone,  in  fine 
powder,  serves  to  smooth  down  the  surfaces  very  well,  but  it  soils  the  whiteness  of 
the  alabaster.  To  take  away  the  unevenness  and  roughness,  dried  shave-grass 
(equisetum)  answers  best.  Frictions  with  this  plant  and  water  polish  down  the  aspe- 
rities left  by  the  chisel :  the  fine  streaks  left  by  the  grass  may  be  removed  by  rubbing 
the  pieces  with  slaked  lime,  finely  pulverised,  sifted,  and  made  into  a  paste  ;  or  with 
putty-powder  (oxide  of  tin)  and  water.  The  polish  and  satin-lustre  of  the  surface  are 
communicated  by  fi-iction,  first  with  soap  water  and  lime,  and  finally  with  powdered 
and  elutriated  talc  or  French  chalk. 

Such  articles  as  consist  of  several  pieces  are  joined  by  a  cement  composed  of  quick- 
lime and  white  of  egg,  or  of  well-calcined  and  well-sifted  Paris  plaster,  mixed  with 
the  least  possible  quantity  of  water. 

Alabaster  objects  are  liable  to  become  yellow  by  keeping,  and  are  especially 
injured  by  smoke,  dust,  &c.  They  may  be  in  some  measure  restored  by  washing 
with  soap  and  water,  then  with  clear  water,  and  again  polished  with  shave-grass. 
Grease-spots  may  be  removed  either  by  rubbing  with  talc  powder,  or  with  oil  of 
turpentine. 

The  surface  of  alabaster  may  be  etched  by  covering  over  the  parts  that  are  not  to 
be  touched  with  a  solution  of  wax  in  oil  of  turpentine,  thickened  with  white  lead, 
and  immersing  the  articles  in  pure  water  after  the  varnish  has  set.  The  action  of 
the  wafer  is  continued  from  20  to  50  hours,  more  or  less,  according  to  the  depth  to 
which  the  etching  is  to  be  cut.  After  removing  the  varnish  with  oil  of  turpentine, 
the  etched  places,  which  are  necessarily  deprived  of  their  polish,  should  be  rubbed 
with  a  brush  dipped  in  finely-powdered  gypsum,  which  gives  a  kind  of  opacity,  con- 
starting  well  with  the  rest  of  the  surface. 

Alabaster  may  be  stained  either  with  metallic  solutions,  with  spiritous  tmctures  of 
dyeing  plants,  or  with  coloured  oils,  in  the  same  way  as  marbles. 

The  gypsum  of  our  own  country  is  found,  in  apparently  inexhaustible  quantities,  in 
the  Red  Marl  formation  in  the  neighbourhood  of  Derby,  and  has  been  worked  for 
many  centuries.  The  great  bulk  of  it  is  used  for  making  plaster  of  Paris,  and  as  a 
manure ;  and  it  is  the  basis  of  many  kinds  of  cements,  patented — as  Keeue's,  Martin's, 
and  others. 

To  get  it  for  these  purposes,  it  is  worked  by  mining  underground,  and  the  stone  is 
blasted  by  gunpowder;  but  this  shakes  it  so  much  as  to  be  unfit  for  working  into 
ornaments,  &c. ;  to  procure  blocks  for  which  it  is  necessary  to  have  an  open  quarrj% 
By  removing  the  superincumbent  marl,  and  laying  bare  a  large  surface  of  the  rock, 
the  alabaster  being  very  irregular  in  form,  and  jutting  out  in  several  parts,  allows  of  its 
being  .saiim  out  in  blocks  of  considerable  size,  and  comparatively  sound  (as  is  illus- 
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.atedby  the  large  tazza  i^he  ^.eu^^^^^^^^^^^^ 

protected  from  the  act.on  of  ^'/^^rSfi        ma.w  centuries  old,  are  now  as 

all  over  the  country,  where  ^o""'^*;"*^;.;^^^^^^  bat  exposure 

perfect  as  the  day  they  were  made,  :^^^^P''"S37^,'=;C;e  in  miM  that  it  is  perfectly 
to  rain  soon  decomposes  the  stone,  and  it  m^st  De  Dor 

unsuited  for  garden  vases  or  other  oat-door  work  m  t^^s  couBt^y  ^ 

In  working,  it  can  be  sawn  up  .^"^^"^^If^J^S^fSe  the  implements  used;  th! 

ILommouly  caUed  Derbyshire  Spar  ;  most  of  the  articles  are  turned  m  the  lathe,  and 

Zo'tL^TinSgy^Vuml^^^^^^^^^^  Derbyshire  is  the  fibrous  or  silky  kind  ;  it 
ocellus  rn  tWn  beds,  fr^^^  one  to  six  inches  in  depth,  and  is  crysta^hsed  m  long  needle- 
X  fib  es  ;  being  e'asily  worked,  susceptible  of  a  high  polish,  and  qui  e  u^trous,  it  is 
used  for  making  necklaces,  bracelets,  brooches,  and  suchlike  small  art.c les.-S  H 

Al  A  RASTER  ORIENTAL.  Oriental  alabaster  is  a  form  of  stalagmitic  or 
stafacttictarbonL  onime,  an  Egyptian  variety  of  which  is  highly  -^e^e^  J  is 
also  procured  from  the  Pyrenees,  from  Chili,  and  from  parts  t^/^^mted  Staters  ot 
America.   Ancient  quarries  are  still  in  existence  in  the  province  of  Oran,  in  Algeria. 

ALBANI  STONE.  (Lapis  albanus.)  The  Peperino  of  modern  geologists.  A 
dark  volcanic  tufa  found  in  Italy,  much  used  at  Rome  before  buildmg  with  marble 
became  common.    The  Italian  name  peperino  is  derived  from  pepe,  pepper,  whicn  it 

^°TlBATA^  PLATE,  a  name  given  to  one  of  the  varieties  of  white  metal  now  so 
commonly  employed.    See  Copper,  and  Alloys.  x,  •  -u 

ALBUM  GR^CUM.  The  white  fa3ces  of  dogs.  After  the  hair  has  been  re- 
moved from  skins,  this  is  used  to  preserve  the  softness  of  them,  and  prepare  them  for 
the  tan-pit  Fowls'  dung  is  considered  by  practical  tanners  as  superior  to  the  dung  ot 
do°-s,  and  this  is  obtained  as  largely  as  possible.  These  excreta  may  be  said  to  be 
essentially  phosphate  of  lime  and  mucus.  We  are  informed  that  various  artihcial 
compounds  which  represent,  chemically,  the  conditions  of  those  natural  ones,_have 
been  tried  without  producing  the  same  good  results.    It  is  a  reflection  on  our  science, 

if  this  is  really  the  case.  ,  .  ,  «  ^-^  * 

ALBUMEN.  (^Alburn  Ovi.)  Albumen  is  a  substance  which  forms  a  constituent 
part  of  the  animal  fluids  and  solids,  and  which  is  also  found  in  the  vegetable  kingdom. 
It  exists  nearly  pure  in  the  white  of  egg.    Albumen  consists  of : — 

Cabron  53"32 

Hydrogen  -       -       -       -       -       -       -      7 '29 

Nitrogen  15"7 
Sulphur  1"3 

Oxygen  -       -       -       -       "       -       -    22  39 

its  Formula  being  S''  N"  C''°  H""  O"'.  Albumen  coagulates  by  heat,  as  is  illustrated 
in  the  boiling  of  an  egg.  The  salts  of  tin,  bismuth,  lead,  silver,  and  mercury  form 
with  albumen  white  insoluble  precipitates  ;  therefore,  in  cases  of  poisoning  by  corro- 
sive sublimate,  nitrate  of  silver,  or  sugar  of  lead,  the  white  of  egg  is  the  best  antidote 
which  can  be  administered. 

Albumen  is  employed  in  Photography,  wliich  see. 

We  imported  the  following  quantities  of  albumen  —  in  1855,  275  cwts. ;  in  1856, 
382  cwts. 

ALBUMENISED  PAPER.  A  paper  prepared  with  the  white  of  egg  for  photo- 
graphic purposes.    See  Photogbaphy. 

ALCARAZZAS.  Porous  earthenware  vessels  made  in  Spain  from  a  sandy  marl, 
and  but  slightly  fired.  They  are  used  for  cooling  liquors.  Those  vessels  are  made 
in  France  under  the  name  of  hygroceramen;  similar  kinds  of  earthenware  are  also 
manufactured  in  Staffordshire  and  Derbyshire. 

ALCOHOL.  {Alcool,  Fr. ;  Alkohol,  or  Weingeist,  Germ.)  The  word  alcohol  is  derived 
from  the  Hebrev?  word  "kohoJ,"  '?n3  'o  paint.  The  oriental  females  were  and  are  still 
in  the  habit  of  painting  the  eyebrows  with  various  pigments ;  the  one  generally  employed 
was  a  preparation  of  antimony,  and  to  this  the  term  was  generally  applied.  It  became, 
however,  gradually  extended  to  all  substances  used  for  the  purpose,  and  ultimately  to 


49 

ALCOHOL. 


ferStTd  fVorbariPv^  Vh.  ^""""^"'f  tells  us  that  the  Egyptians  drank  a  liquor 
till^!f.„  c      ?        -^^  P^^'°'^  '^'^en  fermented  liquors  were  submitted  to  dis 

LuHv  ^wn,?      °^t,^'"  .p.Wi.,"is  shrouded  in  much  obscurity  Raymond 

?eSa30oVbv  Z^u^^  ^^^'^         «ff«°ted  about  this 

De  iw/r'.^ri^if    If  I      ^1  Villeneuve,  a  celebrated  physician  residing  in  Mont- 
Velher  iGe,hardt),  and  its  analysis  was  first  performed  by  Th.  de  Saussure  + 
The  preparation  of  alcohol  may  be  divided  into  three  stages  :_  ^ 

1.  The  production  of  a  fermented  vinous  liquor  — the  Fermentation. 

2.  Ihe  preparation  from  this  of  an  ardent  spirit  — the  Distillation. 

RectSor  water -the 

1.  Fermentation.  The  term  "fermentation"  is  now  applied  to  those  mysterious 
changes  which  vegetable  and  animal)  substances  undergo  when  expose^  aTrcerta"n 
temperature,  to  con  act  with  organic  or  even  organised  bodies  in  a  Lte  change 

^  ""^""^  ^^'^'^  metamorphoses,  and  under  the  influence 

of  a  great  number  of  different  exciting  substances,  which  are  termed  the  "ferments  •" 
moreover  the  resulting  products  depend  greatly  upon  the  temperature  at  which  the 
cnange  takes  place. 

The  earliest  known  and  best  studied  of  these  processes  is  the  one  commonly 
recognised  as  the  vinous  or  alcoholic  fermentation. 

In  this  process  solutions  containing  sugar  — either  the  juice  of  the  grape  (see 
Wine)  or  an  infusion  of  germinated  barley,  malt,  (see  Beer)  —  are  mixed  with  a 
suitable  quantity  of  a  ferment ;  beer  or  wine  yeast  is  usually  employed  (see  Yeast), 
and  the  whole  mamtained  at  a  temperature  of  between  70°  and  80°  F.  (21°  to 

Other  bodies  in  a  state  of  putrefactive  decomposition  will  effect  the  same  result 
as  the  yeast,  such  as  putrid  blood,  white  of  egg,  &c. 

The  liquid  sweUs  up,  a  considerable  quantity  of  froth  collects  on  the  surface,  and 
an  abundance  of  gas  is  disengaged,  which  is  ordinary  carbonic  acid(C02).  The  com- 
position of  (pure)  alcohol  is  expressed  by  the  formula  H"  0-,  and  it  is  produced  in 
this  process  by  the  breaking  up  of  an  equivalent  of  grape  sugar,  C^'  H-8  qzs^  j^^o  4 
equivalents  of  alcohol,  8  of  carbonic  acid,  and  4  of  water  

C21 

C"  H-^  0»    =  4  (C*  H»  O') 
O » 

■         H<  O*    =  4  HO 

c«     o'"  =  SCO* 

It  is  invariably  the  grape  sugar  which  undergoes  this  change  ;  if  the  solution  con- 
tains cane  sugar,  the  cane  sugar  is  first  converted  into  grape  sugar  under  the  influence 
of  the  ferment.    See  Sugar. 

Much  diversity  of  opinion  exists  with  respect  to  the  office  which  the  ferment  per- 
forms in  this  process,  since  it  does  not  itself  yield  any  of  the  products.  See  Fer- 
mentation. 

The  liquid  obtained  by  the  vinous  fermentation  has  received  different  names,  ac- 
cording to  the  source  whence  the  saccharine  solution  -was  derived.  When  procured 
from  the  expressed  juice  of  fruits — such  as  grapes,  currants,  gooseberries,  &c. — the 
product  is  denominated  ivine ;  from  a  decoction  of  malt,  ale  or  beer;  from  a  mixture 
of  honey  and  water,  mead;  from  apples,  cider ;  from  the  leaves  and  small  branches  of 

«  Thomson's  History  of  Clicmistry,  I.  41.  (1830  )  +  Annales  do  Cliimle,  xlii.  225. 
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n    /  7  •       ..7o«  toffether  with  sugar  or  treacle,  spruce ;  from  rice, 

the  spruce-fir  («^^«  cocotnnt  iaice,  palm  wine, 

rice  beer  (which  yields  the  spirit  °7-«'^')'Wucer°n%ery  considerable  quantities  (in 
It  is  an  interesting  fact  ^^^^  .al^oji^J  P'-^'^^^f  ^"^^^^    acid  which  is  generated  in 
the  aggregate)  during  the  rais  ng  of  bread,     ine  ca  products  of 

the  dough,  and  which  during  its  ^^Pfi^^/^'^  *L  3ence  of  the  yelst  added; 
the  fermentation  of  the  ^-^^^^ /j^/ ^^^^.^em^^  alcohol,  is  generated, 

and  of  course  at  the  same  time  the  complementary  P       ^  of  bread  that 

As  Messrs.  Ronalds  and  Richardson  remark*  .     Ihe  eiiormous  yearly- 

K;^:SKat°iX%^^^^^^ 

Krmered^^o;  prt  tL'Te^^IlVcLTespecially  barfey),  hnown  ac- 

cordinHo  their  peculiar  methods  of  manufacture,  flavour,  &c. _  as  gin 
Sw.-the  va^fous  ccnpounds  and  liqueurs.    In  India,  the  spirit  obtained  from  a 

^-''^rctilr  ■  ^eS a^ of  ofaSt  aZco/.Z.  It  is  impossible  by  distillation  alone 
to  deprivl  sph-it  of       whole  of  the  water  and  other  impurities -to  obtain,  m  fact, 

^"T^Tsfetcted'bytixing  with  the  liquid  obtained  after  one  or  two  distiUations, 
certain  bodies  which  have  a  powerful  attraction  for  water  The  agents  commonly 
emSoyed  for  this  purpose  are  quicklime,  carbonate  of  potash,  anhydrous  sulphate  of 
Tpper!  or  cWoride'^of  calcium.^  Perhaps  the  best  adapted  for  the  purpose,  especmUy 
where  arge  quantities  are  required,  is  quicklime  ;  it  is  powdered,  mixed  m  the  retort 
with  the  spirit  (previously  twice  distilled),  and  the  neck  of  the  re  ort  being  securely 
dosed  the^whole  left  for  24  hours,  occasionally  shaking  ;  during  this  period  the  hme 
combines  with  the  water,  and  then  on  carefully  distilling  avoidmg  to  continue  the 
process  until  the  last  portions  come  over,  an  alcohol  is  obtained  which  is  free  from 
water.  If  not  quite  free,  the  same  process  may  be  again  repeated.  ,j 
In  experiments  on  a  small  scale,  an  ordinary  glass  retort  may  be  employed,  heated 
by  a  water-bath,  and  fitted  to  a  Liebig's  condenser  cooled  by  ice-water,  which  passes 
lastly  into  a  glass  receiver,  similarly  cooled. 

Although  alcohol  of  sufficient  purity  for  most  practical  purposes  can  be  readily 
obtained,  yet  the  task  of  procuring  absolute  alcohol  entirely  free  from  a  trace  of  water, 
is  by  no  means  an  easy  one.  _         ,    ,  ,   s       -i.  onn 

Mr  Drinkwater  f  effected  this  by  digesting  ordinary  alcohol  of  specific  gravity  -850 
at  60°  F  for  24  hours  with  carbonate  of  potash  previously  exposed  to  a  red  heat ;  the 
alcohol  was  then  carefully  poured  off  and  mixed  in  a  retort  with  as  much  fresh-burnt 
quicklime  as  was  sufficient  to  absorb  the  whole  of  the  alcohol  ;  after  digesting  for 
48  hours,  it  was  slowly  distUled  in  a  water-bath  at  a  temperature  of  about  180  F. 
This  alcohol  was  carefully  redistilled,  and  its  specific  gravity  at  60°  F.  found  to  be 
•7947  which  closely  agrees  with  that  given  by  Gay-Lussac  as  the  specific  gravity 
of  absolute  alcohol.  He  found,  moreover,  that  recently  ignited  anhydrous  sulphate  of 
copper  was  a  less  efficient  dehydrating  agent  than  quicklime. 

Graham  recommends  that  the  quantity  of  lime  employed  should  never  exceed 
three  times  the  weight  of  the  alcohol. 

Chloride  of  calcium  is  not  so  well  adapted  for  the  purification  of  alcohol,  since  the 
alcohol  forms  a  compound  with  this  salt. 

Many  other  processes  have  been  suggested  for  depriving  alcohol  of  its  water. 
A  curious  process  was  proposed  many  years  ago  by  Soemmering  J,  which  is  depen- 
dent upon  the  peculiar  fact,  that  whilst  water  moistens  animal  tissues,  alcohol  does 
not,  but  tends  rather  to  abstract  water  from  them.  If  a  mixture  of  alcohol  and  water 
be  enclosed  in  an  ox  bladder,  the  water  gradually  traverses  the  membrane  and  evapo- 
rates, whilst  the  alcohol  does  not,  and  consequently  by.  the  loss  of  water  the  spirituous 
solution  becomes  concentrated 


soiuiion  oeconies  coucemrin,eu. 

This  process,  though  an  interesting  illustration  of  exosmose,  is  not  practically  ap- 
plicable to  the  production  of  anhydrous  alcohol ;  it  is,  however,  an  economical  method, 

•  Chemical  Technology,  by  Dr.  F.  Knapp :  edited  by  Messrs.  Ronalds  and  Richardson.  Vol.  iii.  198. 
t  On  the  I'rep.iration  of  Absolute  Alcohol,  and  tlio  Composition  of  Proof  Spirit.    See  Memoirs  of  tho 
Chemical  Society,  vol  iii.  p.  447. 
t  Soemmering.  "  Denkschrlftrn  d.  K.  Ak.nd.  d.  Wisscncliaftcn  zu  MUnschcn,"  1711  to  1824, 
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proposed  to  concentrate  alcohol  as  follows  :_  t^raham  has  ingeniously 

"A  large  shallow  basin  is  covered,  to  a  small  deoth  wiHi  ron<,„»i  i, 
l.me,  in  coarse  powder,  and  a  smaller  basin.  contaiS  tUe  or  W  ^^^^  r'^' 
mercial  alcohol,  is  made  to  rest  upon  the  ime;   he  whole  is  nlno^^  ?^  "T' 

receiver  of  an  air-pump,  and  the  exhaustion  continued  tm  the  llcoLr  -' 
of  ebullition.    Of  the  mingled  vapours  of  alcohol  S  wlr  wh  ch  nLrSrt'h^'f' 

Properties  of  Alcolwl.  —Absolute. 

In  the  state  of  purity,  alcohol  is  a  colourless  liquid,  highly  inflammable  burninir 

So  rTrn  \'  TlT°l-t''«'        l^avin'g  a  density  of  0792  at' 15  5° 

(.bO"  a.)    (DrinkwaterS)    It  boils  at  78-4°  O   n?^o  Tr  ^    Tf  i,  "i.  *j  j 

solidified,  and  the  density  of  its  vapour  is  1  6133  ^  ^  '  ^'^'^^ 
9zL^«^?*^''°"'  composed  by  weight  of  52-18  carbon,  13  04  hydrogen  and 

34-78  of  oxygen  It  has  forits  symbol  H»  0=  =  C^  H=  O  +  HO,  or  hydratfd  oS 
of  e  hyle.  It  has  a  powerful  affinity  for  water,  removing  the  water  from  Sst 
substances  with  which  it  s  brought  in  contact.  In  consequence  of  this  pTopmy 
It  attracts  water  from  the  air,  and  rapidly  becomes  weaker,  unless  kept  in  very  well: 
stopped  vessels.  In  virtue  of  its  attraction  for  water,  alcohol  is  very  valuable  for  the 
preservation  of  organic  substances,  and  especially  of  anatomical  preparations,  in  con- 
sequence of  its  causing  the  coagulation  of  albuminous  substances :  and  for  the  same 
reason  it  causes  death  when  injected  into  the  veins. 

When  mixed  with  water  a  considerable  amount  of  heat  is  evolved,  and  a  remark- 
able contraction  of  volume  is  observed.  These  effects  being  greatest  with  54  per 
cent,  of  alcohol  and  46  of  water,  and  thence  decreasing  with  a  greater  proportion  of 
water  For  alcohol  which  contains  90  per  cent,  of  water,  this  condensation  amounts 
to  1-94  per  cent,  of  the  volume;  for  80  per  cent.,  2-87  ;  for  70  per  cent.,  3-44;  for  60 
per  cent.,  3  73  ;  for  40  per  cent.,  3-44 ;  for  30  per  cent,  2-72  ;  for  20  per  cent  1-72  • 
for  10  per  cent.,  0-72.  ^  ■>    '  > 

Alcohol  is  prepared  absolute  for  certain  purposes,  but  the  mixtures  of  alcohol  and 
water  commonly  met  with  in  commerce  are  of  an  inferior  strength.  Those  commonlv 
sold  are  "  Rectified  Spirit,"  and  "  Proof  Spirit." 

"  Proof  Spirit"  is  defined  by  Act  of  Parliament,  58  Geo.  Ill  c.  28,  to  be  "  such  as 
shall,  at  the  temperature  of  fifty-one  degrees  of  Fahrenheit's  thermometer,  weigh 
exactly  twelve-thirteenth  parts  of  an  equal  measure  of  distilled  water."  And  by 
very  careful  experiment,  Mr.  Drinkwater  has  determined  that  this  proof  spirit  has 
the  following  composition  :  — 


,  . 

Alcohol  and  Water. 

Specific  Gravity 
at  G0°  F. 

Bulk  of  the  mixture 
of  100  measures  of 
Alcohol,  and  81  82 
of  Water. 

By  weight. 

By  measure. 

Alcohol.  Water. 

100  +  103-09 
49-100  +  50-76 

Alcohol.  Water. 
100     +  81-82 

•919 

175-25 

Spirit  which  is  weaker  is  called  "under  proof;"  and  that  stronger,  "above  proof." 
The  origin  of  these  terms  is  as  follows:  —  Formerly  a  very  rude  mode  of  ascertain- 
ing the  strength  of  spirits  was  practised,  called  the  proof;  the  spirit  was  poured  upon 
gunpowder  and  inflamed.  If,  at  the  end  of  the  combustion,  the  gunpowder  took  fire, 
the  spirit  was  said  to  be  above  or  over  proof  But  if  the  spirit  contained  much 
water,  the  powder  was  rendered  so  moist  that  it  did  not  take  fire:  in  which  case  the 
spirit  was  said  to  be  under  or  below  proof. 

Bectified  spirit  contains  from  54  to  64  per  cent,  of  absolute  alcohol  ;  and  its  specific 
gravity  is  fixed  by  the  London  and  Edinburgh  Colleges  of  Physicians  at  0-838,  whilst 
the  Dublin  College  fixes  it  at  0-840. 

In  commerce  the  strength  of  mixtures  of  alcohol  and  water  are  stated  at  so  many 
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degrees,  according  to  Sykes^s  hydrometer,  above  or  below  proof.  This  instrument  will 
he  pxDlained  under  the  head  of  Alcgholometry, 

As  wUl  have  been  understood  by  the  preceding  remarks,  the  specific  gravity  or 
dens  ty  of  Sur^rof  alcohol  andUer  rises  with  the  d-minution  of  the  qu-  it  of 
alcohol  present  ;  or,  in  other  words,  with  the  amount  of  water.  And  since  the 
strength  of  spirits  is  determined  by  ascertaining  their  densi^  it  becomes  ^ 
portatt  to  determine  the  precise  ratio  of  this  increase  This  ^^^If^'X^'^l'^y 
iitli  the  amount  of  water,  or  diminution  with  the  quantity  of  alcohol,  is.  however, 
not  directly  proportional,  in  consequence  of  the  contraction  of  volume  which  mix- 
tures of  alcohol  and  water  suffer.  _       »     ■  ,  e  v„„™„ 

It  therefore  became  necessary  to  determine  the  density  of  mixtures  of  known 
composition,  prepared  artificially.  This  has  been  done  recently  with  great  care  by 
Mr.  Drinkwater*;  and  the  following  Table  by  him  is  recommended  as  one  ot  tne 
most  accurate. 

Table  of  the  Quantity  of  Alcohol,  by  whight,  contained  in  Mixtures  of  Alcohol  and 
Water  of  the  following  Specific  Gravities :  — 


Specific 
Gravity  at 
60°  l'. 

Alcohol 
)er  cent. 

by 
weight. 

Specific 
Gravity 
at  60°  F. 

Alcohol 

~)Qt  C6nt> 

by 

weight. 

Specific 
Gravity  ' 
at  du"  jp  • 

\lcohol 
)er  cent. 

by 
weight. 

Specific 
Gravity 
at  60°  F. 

Alcohol 
)er  cent. 

by 
weight. 

Specific 
Gravity 
at  60°  F. 

per  cent. 

by 
weight. 

1-0000 

0-00 

•9967 

1^78 

•9934 

- 

3^67 

■9901 

5'70 

/  00 

■9999 

0-05 

■9966 

1^83 

•9933 

3^73 

■9900 

0  77 

.n  QCD 

y  oDo 

/  y^ 

•9998 

Oil 

■9965 

1'89 

•9932 

3^78 

■9899 

0  00 

•QRA7 
y  OD  / 

/  y  y 

•9997 

0^16 

■9964 

1^94 

•9931 

3'84 

■9898 

0  oy 

y  ODD 

ft-nfi 

•9996 

0^21 

■9963 

1'99 

•9930 

3"90 

•  Q  QQ  T 

D  VO 

.QQ  fi  K 
JOOO 

•9995 

0-26 

■9962 

2"05 

•9929 

3'96 

yoyo 

u 

y  ODt 

0  «u 

•9994 

0^32 

■9961 

2"1 1 

•9928 

4  02 

yoyo 

D  uy 

.QO  CO 

y  0  DO 

0  z  / 

•9993 

037 

■9960 

2'17 

•9927 

4'08 

yoyi 

u  1 0 

yoo..£ 

0  0*r 

•9992 

0-42 

■9959 

2*22 

•9926 

4*14 

yoyo 

D 

ycso  L 

0  *tl 

•9991 

0^47 

■9958 

2  28 

•9925 

4'20 

.QQ  QO 

yoDu 

•9990 

0^53 

■9957 

2*34 

•9924 

4^27 

■9891 

6-35 

•9859 

8^55 

•9989 

0-58 

•9956 

2-39 

•9923 

4^33 

■9890 

6-42 

■9858 

8-62 

•9988 

0-64 

■9955 

2^45 

•9922 

4^39 

■9889 

6-49 

■9857 

8-70 

•9987 

0-69 

■9954 

2^51 

■9921 

4^45 

■9888 

6-55 

■9856 

8^77 

•9986 

0^74 

■9953 

2-57 

■9920 

4^51 

■9887 

6-62 

■9855 

8-84 

•9985 

0-80 

■9952 

2-62 

•9919 

4^57 

■9886 

6*69 

•9854 

8-91 

•9984 

0-85 

■9951 

2^68 

•9918 

4-64 

■9885 

675 

■9853 

8-98 

•9983 

0^91 

■9950 

2-74 

•9917 

4-70 

■9884 

6-82 

•9852 

9^05 

•9982 

0-96 

■9949 

2^79 

•9916 

4^76 

■9883 

6-89 

■9851 

9^12 

■99S1 

1^02 

■9948 

2^85 

•9915 

4^82 

•9882 

G-95 

■9850 

9^20 

■9980 

1^07 

•9947 

2-91 

•9914 

4^88 

■9881 

7*02 

■9849 

9  27 

■9979 

1-12 

•9946 

2-97 

•9913 

4^94 

■9880 

7*09 

•9848 

9^34 

■9978 

M8 

•9945 

3^02 

•9912 

5^0 1 

■9879 

7-16 

•9847 

9^41 

■9977 

1-23 

•9944 

3'08 

•9911 

5-07 

■9878 

7-23 

•9846 

9^49 

■9976 

1-29 

•9943 

3^14 

•9910 

5^13 

■9877 

7-30 

•9845 

9^56 

■9975 

1^34 

•9942 

3-20 

•9909 

5.20 

■9876 

7-37 

•9844 

9  •as 

■9974 

P40 

•9941 

3^26 

•9908 

5^26 

•9875 

7*43 

•9843 

9^70 

•9973 

1-45 

•9940 

3^32 

•9907 

5^32 

•9874 

7-50 

•9842 

9^78 

■9972 

V5l 

•9939 

3-37 

•9906 

5^39 

•9873 

7-57 

•9841 

9-85 

■9971 

vSb 

•9938 

3^43 

•9905 

5^45 

•9872 

7-64 

•9840 

9-92 

■9970 

^61 

•9937 

3-49 

•9904 

5^51 

•9871 

7-71 

•9839 

9^99 

■9969 

\-67 

•9936 

3^55 

•9903 

5^58 

•9870 

7-78 

•9838 

10^07 

■9968 

1-73 

•9935 

3^61 

•9902 

5^64 

The  preceding  Table,  though  very  accurate  so  far  as  it  goes,  is  not  sufficiently 
extensive  for  practical  purposes,  only  going,  in  fact,  from  6  to  10  per  cent,  of 
alcohol ;  the  Table  of  Tralle's  (page  49)  extends  to  50  per  cent,  of  absolute  alcohol. 

Moreover,  Drinkwater's  Tabic  has  the  (practical)  disadvantage  (though  scientifi 
cally  more  correct  and  useful)  of  stating  the  per-centage  by  weight ;  whereas  in  Tralle's 
Table  it  is  given  by  volume.    And  since  liquors  are  vended  by  measure,  and  not  by 
weight,  the  centesimal  amount  by  volume  is  usually  preferred.    But  as  the  bulk  of 
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SaML^^fr"^'*''^^  particularly  that  of  alcohol,  is  increased  by  heat,  it  is  necessarv 
™  1  *  °^       '^^^"y  ^"     '^^'•t^'"  should  have  re  erence  to  som^ 

"qSilT'eo'^T-.'r construction  of  Tralle's  Table  the  tempore Vth 

Kser/ed  at  tSt'te'^pefatur^'  "  '^"'^^  "^^^^^^'-^  ^^^^  ^'^'^  ^^^'^^ 

^veil71^ifn'^'""  statement  of  the  composition  6y  t;o/«me  into  the  content  by 
rn«5fi  '  •  necessary  to  multiply  the  per-centage  of  alcohol  by  volume  bv  the 
specific  gravity  of  absolute  alcohol,  and  then  divide  by  the  speci/c  gravTty  S  llle 

It  has  been  thought  desirable  to  retain  the  following  remarks  bv  T>r  TT,-«  t„ 
give  Mr.  Gilpin's  tables  in  addition  to  the  others  ^e^arKs  by  Dr.  Uie,  and  to 

and  mode  of  applying  the  instrument  now  in  use  for  ascertaining  and  charjng   he  ' 
duty  on  spirits.    This  instrument,  which  is  known  and  described  in  the  law  fs  sfkSs's 
hydrometer,  possesses,  in  many  respects,  decided  advantages  over  those  forme  ly  n 
Zri  wJl'  Royal  Society  state,  that  a  definite  mixture  of  alcohol 

l^^T  /  a«  "^^^"able  in  Its  value  as  absolute  alcohol  can  be  ;  and  can  be  more 
readily,  and  with  equal  accuracy,  indentified  by  that  only  quality  or  condition  to 
which  recourse  can  be  had  in  practice,  namely,  specific  graVity.^  The  commUtee 
further  proposed  that  the  standard  spirit  be  that  which,  consisting  of  alcohoT  and 
water  alone,  shaU  have  a  specific  gravity  of  0  92  at  the  temperature  of  62°  F  water 
^f.?^  """safi,^'  i  same  temperature  ;  or,  in  other  words,  that  it  shall  at  62°  weigh 
l^ths  or  2fths  of  an  equal  bulk  of  water  at  the  same  temperature. 
_  This  standard  is  rather  stronger  than  the'  old  proof,  which  was  l^ths  or  0-923  •  or 
m  the  proportion  of  nearly  1-1  gallon  of  the  present  proof  spirit  per  cent  The  pro- 
posed standard  will  contain  nearly  one-half  by  weight  of  absolute  alcohol  The 
hydrometer  ought  to  be  so  graduated  as  to  give  the  indication  of  strength  ;  not  upon 
an  arbitrary  scale,  but  in  terms  of  specific  gravity  at  the  temperature  of  62° 
_  The  committee  recommend  the  construction  of  an  equation  table,  which  shall 
indicate  the  same  strength  of  spirit  at  every  temperature.  Thus  in  standard  spirit  at 
62°  the  hydrometer  would  indicate  920,  which  in  this  table  would  give  proof  spirit 
It  that  same  spirit  were  cooled  to  40°,  the  hydrometer  would  indicate  some  higher 
number ;  but  which,  bemg  combined  in  the  table  with  the  temperature  as  indicated 
by  the  thermometer,  should  still  give  proof  or  standard  spirit  as  the  result. 

It  is  considered  advisable,  in  this  and  the  other  tables,  not  to  express  the  quality  of 
the  spirit  by  any  number  over  or  under  proof,  but  to  indicate  at  once  the  number  of 
gallons  of  standard  spirit  contained  in,  or  equivalent  to,  100  gaUons  of  the  spirit 
under  examination.  Thus,  instead  of  saying  23  over  proof,  it  is  proposed  to  insert 
123  ;  and  in  place  of  35-4  under  proof,  to  insert  its  difference  to  100,  or  64-6. 

It  has  been  considered  expedient  to  recommend  a  second  table  to  be  constructed, 
so  as  to  show  the  bulk  of  spirit  of  any  strength  at  any  temperature,  relative  to  a 
standard  bulk  of  100  gallons  at  62°.  In  this  table,  a  spirit  whicb  had  diminished 
m  volume,  at  any  given  temperature,  0-7  per  cent.,  for  example,  would  be  expressed 
by  99  3  ;  and  a  spirit  which  had  increased  at  any  given  •  temperature  07  per  cent 
by  100-7.  -I 
When  a  sample  of  spirit,  therefore,  has  been  examined  by  the  hydrometer  and 
thermometer,  these  tables  will  give  first  the  proportion  of  standard  spirit  at  the  ob- 
served temperature,  and  next  the  change  of  bulk  of  such  spirit  from  what  it  would  be 
at  the  standard  temperature.  Thus,  at  the  temperature  of  51°,  and  with  an  indication 
(specific  gravity)  of  8240,  100  gallons  of  the  spirit  under  examintion  would  besho-mi 
by  the  first  table  to  be  equal  to  164-8  gallons  of  standard  spirit  of  that  temperature  ; 
and  by  the  second  table  it  would  appear  that  99-3  gallons  of  the  same  spirit  would 
become  100  at  62°,  or  in  reality  contain  the  164-8  gallons  of  spirit  in  that  state  only 
In  which  it  is  to  be  taxed. 

But  as  it  is  considered  that  neither  of  these  tables  can  alone  be  used  for  charging 
the  duty  (for  neither  can  express  the  actual  quantity  of  spirit  of  a  specific  gravity  of 
0-92  at  62°  in  100  gallons  of  stronger  or  weaker  spirit  at  temperatures  above  or  below 
62°),  it  is  considered  essential  to  have  a  third  table,  combining  the  two  former,  and 
expressing  this  relation  directly,  so  that  upon  mere  inspection  it  shall  indicate  the 
proportion  of  standard  spirit  in  100  gallons  of  that  under  examination  in  its  then 
present  state.  In  this  table  the  quantities  should  be  set  down  in  the  actual  number 
of  gallons  of  standard  spirit  at  62°,  equivalent  to  100  of  the  spirit  under  examination  ; 
and  the  column  of  quantities  may  be  expressed  by  the  term  value,  as  it  in  reality  ex- 
presses the  proportion  of  the  only  valuable  substance  present. 
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The  following  specimen  Table  has  heen  given  by  the  committee  :  — 


Temperature  45°. 

Temperature  75°. 

Indication.* 

Strength. 

Value. 

Indication. 

Strength. 

Value. 

9074- 

114-5 

8941 

114-5 

7 

114'3 

4 

114-3 

9 

114-2 

5 

114-2 

81 

114-0' 

8 

114-0 

3 

113-9 

9 

113-9 

5 

113-7 

52 

113  7 

6 

113-6 

3 

113-6 

9 

113-4 

6 

113-4 

90 

113-3 

7 

113-3 

3 

113-1 

9 

113-1 

The  mixture  of  alcohol  and  -water,  taken  as  spirit  in  Mr.  Gilpin's  tables,  is  that 
of  -which  the  specific  gravity  is  0-825  at  60°  F.,  water  being  unity  at  the  same 
temperature.  The  specific  gravity  of  -water  at  60°  being  1000,  at-  62°  it  is  99,981. 
Hence,  in  order  to  compare  the  specific  gravities  given  by  Mr.  Gilpin  with  those 
which  would  result  when  the  specific  gravity  of  water  at  62°  is  taken  at  unity,  all  the 
former  numbers  must  be  divided  by  99,981. 


Table  of  the  Specific  Gravities  of  different  Mixtures,  by  -weight,  of  Alcohol  and  Water, 
at  different  Temperatures ;  constructed  by  Mr.  Gilpin,  for  the  use  of  the  British 
Revenue  on  Spirits. 


iture, 

100 

100 

100 

100 

100 

100 

Pure 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol. 

6 

10 

15 

20 

25 

30 

Tem 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Deg. 

30 

0-83896 

0-84995 

0^85957 

0-86825 

0-87585 

0-88282 

0-88921 

35 

-83672 

■84769 

■85729 

•86587 

.87357 

•88059 

•88701 

40 

•S3445 

-84539 

•85507 

•86361 

-87184 

-87833 

•88481 

45 

83214 

-84310 

■85277 

-86131 

■sb-gos 

•87613 

•88255 

50 

-82977 

•84076 

•85042 

•85902 

•86676 

•87984 

-88030 

55 

•82736 

•83834 

•84802 

•85664 

•86441 

•87160 

-H7796 

60 

•82500 

•83599 

•8466S 

-85430 

■86208 

■86918 

•87569 

G3 

•82202 

•83362 

•84334 

-85193 

•85976 

•86686 

■87337 

70 

-82023 

•83124 

•84092 

-84951 

•85736 

•86451 

•87105 

75 

-81780 

-82878 

•83851 

-84710 

■85496 

•86212 

■86S64 

80 

•81530 

-82631 

•83603 

-84167 

■85248 

•85966 

■86622 

85 

•81291 

■82396 

•83371 

-84'243 

■85036 

-8-5767 

•86411 

90 

•81044 

•82150 

•83126 

-84001 

•84797 

■85518 

■86172 

95 

•80794 

-81900 

-82877 

-83753 

■84550 

•85272 

•85928 

100 

•805-18 

-81657 

-82639 

■83513 

■84038 

•85031 

•85688 

100 

100 

100 

100 

100 

100 

Temperature, 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcchol 

Alcohol 

Fahr. 

55 

60 

65 

70 

76 

80 

Water. 

Water. 

Water, 

Water. 

Water. 

Water. 

Dee. 

30 

091449 

0-91847 

0-92217 

0-92563 

0-92889 

0-93191 

35 

■91-241 

-916-10 

-92009 

■92355 

•926S0 

•92980 

40 

•91026 

-91428 

-91799 

■92151 

•92176 

•9-.;783 

45 

•90812 

•91211 

-91584 

■91937 

•92264 

-92570 

80 

•90596 

•90997 

-91370 

■917-23 

•92051 

-92358 

55 

-90367 

•907C8 

•91144 

■91502 

•918.37 

-92145 

60 

•ii0144 

•90649 

90927 

-91287 

•91622 

-91933 

65 

■89920 

-90328 

-90707 

•91066 

-91400 

-91715 

70 

•89695 

-90104 

■90484 

•90817 

•91181 

-91493 

75 

•89464 

-89872 

-90252 

-90617 

•90952 

•91270 

80 

•89225 

-89li39 

-90021 

-90385 

•90723 

91046 

85 

•89043 

-89460 

•89843 

-!;0209 

•90558 

-90H82 

90 

-88817 

-89230 

■896 17 

-89988 

•90342 

■90688 

95 

■88588 

•89003 

-89390 

-89763 

-90119 

-90443 

100 

■883571 

-88769 

•89158 

-89536 

-89889 

-9021S 

100 
Alcohol 

35 
Water. 


0-8951 1 
-89-294 
•89073 
■88849 
•88626 
•88393 
■88169 
-87938 
•87705 
•87466 
-87228 
•87021 
■86787 
-86542 
•86302 


100 
Alcohol 

40 
Water. 


0-90054 
-89839 
-89617 
-89396 
-89174 
-88945 
-88720 
■88490 
•88254 
■88018 
•87776 
•87590 
•87360 
•87114 
•86879 


100 
Alcohol 

85 
Water. 


0  93474 
•93274 
■93072 
■92859 
■92647 
■92-136 
■92225 
-92010 
■91793 
•91.569 
•91340 
-91186 
-90917 
-90747 
•90522 


100 
Alcohol 

90 
Water. 


0-93741 
-93541 
-9334 1 
-93131 
-92919 
•92707 
•92499 
•92283 
•92069 
-91819 
■91622 
-91465 
-91248 
-91029 
•90805 


100 
Alcohol 

45 
Water. 


0-90558 
-90345 
-90127 
-89909 
-89684 
-89458 
-89232 
-89006 
-88773 
-88638 
-.S8301 
-88120 
-87889 
-876.54 
-87421 


ICO 
Alcohol 

95 
Water. 


0-93991 
-93790 
•93592 
•93382 
•93177 
•92963 
-92758 
-92546 
-92333 
•921 1 1 
•91891 
-917-29 
-91611 
-91290 
■91066 


100 
Alcohol 

50 
Water. 


0^91 023 
-90811 
■90596 
-90380 
•90160 
-89933 
-89707 
■89479 
•89252 
89018 
•8S78I 
■886n9 
■88376 
■81146 
-87915 


100 
Alcohol 

100 
Water. 


0-94222 
•94025 
•93H27 
•93621 
•93419 
■93208 
•93002 
•92794 
•9^2580 
■92364 
•92142 
•919G9 
•91751 
•91631 
■91310 
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Table  of  the  Specific  Gravities  of  different  Mixtures,  §-c.  (continued.) 


Temperati 
Fahr.. 

95 
Alcohol 

100 
Water. 

90 
Alcohol 

100 
Water. 

85 
Alcohol 

100 
Water. 

80 
Alcohol 

100 
Water. 

75 
Alcohol 

100 
Water. 

70 
Alcohol 

100 
Water. 

65 
Alcohol 

100 
Water. 

61) 
Alcohol 

100 
Water. 

55 
Alcohol 

100 
Water. 

50 
Alcohol 

100 
Water. 

Deg. 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 

0-94447 
•94-i49 
-94058 
-938H0 
■93658 
•934-52 
■9:i247 
•93040 
•928-28 
•92613 
•92393 

0-94675 
-94484 
-94295 
■94096 
•93897 
■93696 
-93493 
•93285 
•93076 
•92805 
'92646 

0-94920 
-94734 
■94547 
•94348 
•94149 
■93948 
•93749 
•93546 
•93337 
•93132 
•92917 

0^95173 
•94988 
•94802 
•94605 
•94414 
•94213 
■94018 
•93822 
•93616 
•93413 
•93201 

0^9.5429 
•95246 
•95060 
•94871 
•94683 
•94486 
■94296 
•94099 
•93898 
■93695 
'93488 

0-95681 
•95502 
•9-5328 
•95143 
•949-58 
•94767 
•94-579 
•94388 
■94193 
•93989 

0^95944 
■9.5772 

•9.5423 
'95243 
•95057 
■94876 
•94689 
•94600 
■94301 
*94102 

0-96209 
•90048 
'95879 
•9570:t 
•95534 
•953.57 
•95181 
■95000 
■94813 
■94623 
•94431 

096470 
•96315 
"96159 
•95993 
•9.5831 
•95662 
•95493 
•95318 
•95139 
•94957 
■94768 

0  96719 
■96579 
■964.34 
■96280 
■96126 
•9-5960 
•95804 
■95G35 
■9.5469 
•95-292 
•9511 1 

Temperature, 
fahr. 

45 
Alcohol 

100 
Water. 

40 
Alcohol 

100 
Water. 

35 
Alcohol 

100 
Water. 

30 
Alcohol 

100 
Water. 

25 
Alcohol 

100 
Water. 

20 
Alcohol 

100 
Water. 

15 
Alcohol 

100 
Water. 

10 
Alcohol 

100 
Water. 

5 

Alcohol 

lOll 
Water. 

Deg. 
30 
35 
40 
45 
80 
55 
60 
65 
70 
75 
80 

0-96967 
•96840 
-96706 
•96563 
•96420 
•96272 
•96122 
•95952 
•95802 
■95638 
•95407 

0^97200 
•97P86 
■90967 
•96840 
•967CS 
•96575 
•96437 
•!)6'288 
•96143 
•95987 
•95826 

0^974 18 
■97319 
•97220 
■97110 
■96995 
■96877 
•96752 
■96620 
•96484 
■96344 
•96192 

0^97635 
•97556 
•97472 
•97384 
•97284 
•97181 
•97074 
•96959 
•96836 
•96708 
•96568 

0^97860 
•97801 
•97737 
■97666 
•97589 
•97500 
■97410 
■97309 
■97203 
•97086 
•96963 

0^98108 
■98076 
•98033 
•97980 
•97920 
■97847 
•97771 
•97688 
•97596 
•97495 
•97385 

0^98412 
•98397 
•98373 
•98338 

.•98293 
■98239 
■98176 
•98106 
•98028 
•97943 
•97845 

0^98801 
•98804 
•98795 
'98774 
•98745 
•98702 
•98654 
■98494 
■98527 
•98454 
•98367 

0^99334 
•99344 
•99345 
•99338 
■99316 
■99284 
•99244 
•99194 
•99134 
•99066 
•98991 

Experiments  ■were  made,  by  direction  of  the  committee,  to  verify  Gilpin's  tables, 
•which  sho-wed  that  the  error  introduced  in  ascertaining  the  strength  of  spirits  by 
tables  founded  on  Gilpin's  numbers  must  be  quite  insensible  in  the  practice  of  the 
Revenue.  The  discrepancies  thus  detected,  on  a  mixture  of  a  given  strength,  did  not 
amount  in  any  one  instance  to  unity  in  the  fourth  place  of  decimals.  From  a  careful 
inspection  of  such  documents  the  committee  are  of  opinion  that  Gilpin's  tables  possess 
a  degree  of  accuracy  far  surpassing  -what  could  be  expected,  and  sufi5ciently  perfect 
for  all  practical  or  scientific  purposes. 


The  follo-wing  Table  is  given  by  Mr.  Lubbock,  for  converting  the  apparent  specific 
gravity,  or  indication,  into  true  specific  gravity  :  — 


Indication. 

Temperature. 

+ 

Indication. 

30° 

320 

37° 

42° 

47° 

52° 

57° 

62° 

67° 

720 

77° 

80° 

•82 

•00083 

■00078 

•00065 

•00052 

■00039 

■00025 

•00012 

•0001 1 

•00024 

•00035 

•00042 

-82 

•83 

■00084 

■00079 

■00066 

•00052 

■00039 

•00026 

■00012 

•00012 

■00024 

■00036 

■00042 

•83 

•84 

•00085 

00080 

■00066 

■00053 

•00039 

•00026 

•00013 

•00012 

■00021 

•00036 

■00043 

•84 

•85 

•00086 

■00081 

•00067 

■00054 

•00040 

•00026 

•00013 

•00012 

•00(125 

•00037 

■00043 

•85 

•86 

■00087 

■00082 

■00068 

•00054 

•00040 

•00027 

■00013 

•00012 

00025 

•00037 

•00044 

•86 

•87 

•00088 

■00083 

•00069 

•00055 

•00041 

•00027 

•00013 

•00012 

•00025 

■00037 

■00044 

•87 

•88 

•00089 

■00084 

•00070 

•00055 

•00041 

■00027 

•00013 

•00012 

•OCO'26 

•00038 

•00045 

-88 

•89 

■00090 

■00085 

•00070 

•00055 

•00('42 

•00028 

■00013 

•00012 

•00020 

•00038 

■00045 

•89 

•90 

•00091 

■00085 

■00071 

■OflOSO 

•(10042 

■00028 

•00014 

•00013 

-00026 

■00(139 

■00046 

•90 

•91 

•00092 

■00086 

■00072 

•00057 

•00013 

-00028 

■00014 

00013 

•0(X)2(; 

■00039 

■00046 

•91 

■92 

■00093 

•0f)087 

■(10073 

■00058 

•00013 

■00029 

■00014 

•00013 

-0(10-27 

•00040 

•00047 

•9-2 

•93 

•00094 

-00088 

•00073 

•000.59 

•01  044 

-0(i0'j9 

•00014 

•00013 

■00(127 

■00040 

•00047 

93 

•94 

00'  95 

•000N9 

■00074 

'00059 

■110041 

■00029 

•00014 

•00013 

•00027 

■00040 

■00048 

•94 

•95 

■00096 

■0f:090 

■00075 

■00060 

■0004-1 

0(HVJ9 

•00014 

•00013 

■00028 

•0004 1 

-0004S 

•95 

•96 

•0(1097 

■00091 

•00076 

•00060 

-00045 

■00030 

00014 

•00013 

•001(28 

•0(1041 

-00049 

•96 

■97 

•00098 

■00092 

•00077 

•00061 

-000411 

■(10030 

•(100 1  a 

•00014 

•000^28 

•00042 

-00049 

•97 

•98 

•00099 

•00093 

•00077 

■00(162 

-0004(i 

•00!  130 

■  (100 15 

■00014 

•001128 

■00042 

-OOO-iO 

•98 

•99 

•00100 

•00094 

•00078 

■00062 

•00047 

■00031 

■00015 

■00014 

OUOSO 

•00013 

-00050 

•99 

•100 

■00101 

•00095 

•00079 

•00063 

•00047 

•00031 

•00015 

•100 
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Trailers  Table  of  the  Composition  by  volume  of  Mixtures  of  Alcohol  and  Water  of 

different  Densities. 


Per- 
centage 

of 
Alcohol 

by 
volume. 

Gravity  at 
GOO  F. 

DilTer- 

GIICC  0( 

the  spe- 
cific gra- 
vities. 

Per- 
centage 

of 
Alcohol 

by 
volume. 

Snpni  do 

Gravity  at 
60°  F. 

Differ- 
ence of 
the  spe- 
cific gra- 
vities; 

Per- 
centage 
of 

A 1  f'nii  rtl 

by 
volume 

Snppi  fip 
Gravity  at 
GOO  F. 

Differ- 

Ihe  spe- 
cific gra- 
vities. 

0 

0'9991 

34 

0-9596 

13 

68 

0-8941 

24 

1 

0'9976 

15 

35 

0-9583 

13 

69 

0-8917 

24 

2 

0'9961 

15 

36 

0-9570 

13 

70 

0-8892 

25 

3 

0"9947 

14 

37 

0-9556 

14 

71 

0-8867 

25 

4 

0  9933 

14 

38 

0  9541 

15 

72 

0-8842 

25 

5 

0*9919 

14 

39 

0-9526 

15 

73 

0-8817 

25 

6 

0'9906 

13 

40 

0-9510 

16 

74 

0-8791 

26 

7 

0  9893 

13 

41 

0-9494 

16 

75 

0-8765 

26 

8 

0'9881 

12 

42 

09478 

16 

76 

0-8739 

26 

9 

0  9869 

12 

43 

0-9461 

17 

77 

0-8712 

27 

10 

09857 

12 

44 

0-9444 

17 

78 

0-8685 

27 

11 

0*9845 

12 

45 

0-9427 

17 

79 

0-8668 

27 

12 

0'9834 

11 

46 

0-9409 

18 

80 

0-8631 

27 

13 

U  9823 

11 

47 

0-9391 

18 

81 

0-8603 

28 

14 

0"9812 

11 

48 

0-9373 

18 

82 

0-8575 

28 

15 

10 

49 

0-9354 

19 

83 

08547 

28 

I  c 

lb 

0*9791 

•  1 1 

50 

09335 

19 

84 

0-8518 

29 

17 

0'978I 

10 

51 

0  9315 

20 

85 

0-8488 

30 

1  Q 

u  y?/ 1 

1 0 

52 

0-9295 

20 

86 

0-8458 

30 

1  0 

u  y  /  D 1 

1  A 

53 

0"9275 

20 

87 

0-8428 

30 

u  y  /  0 1 

1  u 

54 

0-9254 

21 

88 

0-8397 

31 

91 

n'Q'TA  1 

0  y  /41 

1  n 
1  u 

55 

0-9234 

20 

89 

0-8365 

32 

90 

V  y  /  o  1 

1  A 

I  u 

56 

0-9213 

21 

90 

0-8332 

33 

9^ 

u  y  /  ^yj 

1  i 

57 

0-9192 

21 

91 

08299 

33 

fl'Q  'Tin 

u  y/  lu 

lU 

58 

0-9170 

22 

92 

0-8265 

34 

u  y  /  uu 

10 

59 

0-9148 

22 

93 

0-8230 

35 

ZD 

\j  yooy 

1 1 

60 

0-9126 

22 

94 

0-8194 

36 

27 

0-9679 

10 

61 

0-9104 

22 

95 

0-8157 

37 

28 

0-9668 

11 

62 

0-9082 

22 

96 

0-8118 

39 

29 

0-9657 

11 

63 

0-9059 

23 

97 

0-8077 

41 

30 

0-9646 

11 

64 

0-9036 

23 

98 

0-8034 

43 

31 

0-9634 

12 

65 

0-9013 

23 

99 

0-7988 

46 

32 

0-9622 

12 

66 

0-8989 

24 

100 

0-7939 

49 

33 

0-9609 

13 

67 

0-8965 

24 

In  order,  however,  to  employ  this  Table  for  ascertaining  the  strength  of  mixtures 
of  alcoho  and  water  of  d.fferent  densities  (which  is  the  practical  use  of  sul  TaWes) 
It  .s  absolutely  necessary  that  the  determination  of  the  density  should  be  pei^formed 
at  an  mvanable  temperature^- viz.  60°  F.  The  methods  of  determining  the  denTi^v 
will  be  hereaf  er  described  ;  but  it  is  obvious  that  practicaUy  the  experfment  canS 
Lrp^err  '  ^"'"^  temperature,  but'must  be^performeT  Uhat  of  S 


M.  Gay-Lussac  has  constructed  a  most  valuable  Table,  of  which  the  following  is 


enaSelTne  To'^atertaTnrfrom're  observed  Tn^ltyat  'anv'  ^^^^^^^^o^'-™--)"  /t 
density  at  the  normal  temperature  15-5°  C.  (60°  F  )  ^and  hence  tho  ,1^^^""''  * 
...4  f.om  the  Observed  density  at  60°  A  to  fin^d  the  irn^y'Lt^y^^l'er'tem! 

The  first  vertical  column  of  this  Table  contains  the  temperatures  from  0°  to  -^no  n 
and  the  first  horizontal  line  the  indications  of  the  alcoomltre     In  theTaL  T^hl 

when  — edatShetem^etrrhlirg;^^^^^^^^^ 
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Alcmmetrical  Table  of  real  Strength,  by  M.  Gay-Lvssac. 


Temp. 
C. 

31<: 

32c 

33c 

340 

35c 

36c 

37c 

38c 

39c 

40c 

10 

33-0 

1  (102 

34 

35- 

1003 

36 
1003 

37 

1003 

38 
1003 

39 

1003 

40 

1003 

41 

1003 

42 

1003 

11 

32-6 

1002 

33-6 

1002 

34-6 

1002 

35-6 

1002 

36-6 
1002 

37-6 

1002 

38-6 

1002 

39-6 

1002 

40-6 

ir-03 

41-6 

1003 

12 

32-2 

1001 

33-2 

1001 

34-2 

1002 

35-2 

1002 

36-2 

37-2 

1 002 

38-2 

1002 

39-2 

1002 

40-2 

1002 

41-2 

1002 

13 

31-8 
1001 

32-8 
1001 

33-8 
1001 

34-8 

1001 

35-8 

1 001 

36-8 

1 001 

37-8 

1 001 

38-8 

1 001 

39-8 
1001 

40-8 

1001 

14 

31-4 
1001 

32-4 

1001 

33-4 

lOOl 

34-4 

1001 

35-4 

1 001 

36-4 

37-4 

1001 

88-4 

1  tioi 

39-4 

10(11 

40-4 

1001 

15 

31 

lOflO 

32 

1000 

33 

1 000 

34 

1 000 

35 
1 000 

36 

1  (\f\C\ 
\\}\ni 

37 

1000 

38 

1000 

39 

1000 

40 
1000 

16 

30-6 

1000 

31-6 

1000 

32 '5 

999 

33-5 

9')9 

34-5 

999 

35-5 

999 

36-5 

999 

37-5 

999 

38-5 

999 

39-5 

999 

17 

30-2 

999 

31-2 

321 

999 

33-1 

909 

34-1 

999 

35-1 

QQO 

361 

999 

37-1 

999 

38-1 

999 

39-1 

999 

18 

298 

999 

30-8 

31-7 

998 

32-7 

998 

33-7 

OQQ 

34-7 

998 

35-7 

998 

36-7 

998 

37-7 

998 

38-7 

998 

19 

29-4 

99S 

30-4 

993 

31-3 

998 

32-3 

998 

33-3 

34-3 

998 

35-3 

998 

36-3 

998 

37-3 

997 

38-3 

997 

20 

29 

098 

30 

998 

30-9 

997 

31-9 

997 

32-9 

997 

33-9 

yy  / 

34-9 

9ri7 

35-9 

997 

36-9 

997 

37-9 

997 

21 

28-6 

C1Q7 

29-6 

997 

30-5 

997 

31-5 

997 

32-5 

yy  / 

33-5 

34-5 

yy/ 

35-5 

996 

36-5 

996 

37-5 

9516 

22 

28-2 

997 

29'2 
997 

30-1 

996 

31-1 

996 

32-1 

99f; 

33-1 

996 

34-1 

996 

35-1 

996 

36-1 

996 

37'1 

9S6 

23 

27-8 

996 

28-8 

996 

29-7 

996 

30-7 

996 

31-7 

996 

32-7 

996 

33-7 

996 

34-7 

995 

35-7 

995 

36-7 

995 

24 

27-4 

996  . 

28-4 

996 

29-3 

995 

30-3 

995 

31-3 

995 

32-3 

995 

33-3 

995 

34-3 

995 

35-3 
995 

36-3 

994 

25 

27 

995 

28 
995 

28-9 

995 

29-9 

995 

309 
995 

31-9 
994 

32-9 
994 

33-9 

994 

34-9 
994 

35-9 

994 

Temp. 

41c 

42c 

43c 

44c 

45c 

46c 

47c 

48c 



49c 

50c 

Dcg. 
10 

43 

1003 

44 

1004 

45 

1  find 

46 

1  UU4 

46-9 

47-9 

K  04 

48-9 

1UU4 

49-9 

i  UU1 

50-9 

1 004 

51-8 

1004 

11 

42-6 

1 003 

43-6 

1003 

44-6 

1 003 

45-6 

1003 

46-6 

1003 

47-6 

1 003 

48-6 

\f\(\'X 
lUuo 

49-5 

lUUo 

50-5 

1003 

51-5 

1 003 

12 

42-2 
1002 

43-2 

1002 

44-2 

1002 

45-2 

1 002 

46-2 

100'' 

47-2 

1 002 

48-2 

]  002 

49-2 

1 002 

50-2 

1002 

51-1 

1002 

13 

41-8 

1001 

42-8 

1001 

43-8 

1001 

44-8 

1002 

45-8 

1002 

46-8 

1002 

47-8 

1002 

48-8 

1002 

49-8 
1002 

50-8 

1002 

14 

41-4 

1001 

42-4 

1 001 

43-4 

1 001 

44-4 

inni 

lUUl 

45-4 

1001 

46-4 

1000 

47-4 

1001 

48-4 

1001 

49-4 
1001 

50*4 
1000 

15 

41 

1000 

42 

1000 

43 

1000 

44 

45 
1 000 

46 

1000 

47 

1000 

48 

1000 

49 
•  1000 

50 
1000 

16 

40  6 

999 

41-6 

999 

42-6 

999 

43-6 

990 

44-6 

999 

45-6 

QQQ 

yyy 

46-6 

999 

47-6 

999 

48-6 

999 

49-6 
999 

17 

40-2 
999 

41-2 

999 

42-2 

999 

43-2 

99S 

44-2 

998 

45-2 

998 

46-2 

yys 

47'2 

998 

48-2 

998 

49-2 

998 

18 

39-8 

998 

48-8 

998 

41-8 

OtlQ 

yyo 

42-8 

998 

43-8 

99H 

44-9 

993 

45-9 

998 

46-9 

998 

47-9 

998 

48-9 

998 

19 

39-4 

997' 

40-4 

997 

41-4 

997 

42-5 

997 

43-5 

997 

44-5 

997 

45-5 

997 

46-5 

997 

47-5 

997 

48-5 

997 

20 

39 

997 

40 

997 

41 

997 

42-1 

997 

43-1 

996 

44-1 

996 

45-1 

996 

46-1 

996 

47-2 

996 

48-2 

996 

21 

38-6 
996 

39-6 
99G 

40-6 
996 

41-7 

996 

42-7 

996 

43-7 

996 

44-8 

996 

45-8 
996 

46-8 

995 

47-8 

995 

ALCOHOL. 


51 


Akodmetrical  Table  of  real  Strength,  by  M.  Gay-Lussac  (continued). 


Temp. 
C. 

41c 

42c 

43c 

44c 

4Sc 

46c 

47c 

4Sc 

4gc 

60c 

Beg. 
22 

38-2 

99C 

39-2 

995 

40-2 

995 

41-3 

995 

42-3 

995 

43-3 

995 

44-3 

995 

45-3 

996 

46-4 

995 

47-4 

995 

23 

37-8 

995 

38-8 
995 

39-8 

995 

40-9 

994 

41-9 

994 

42-9 

994 

43-9 

994 

44-9 

994 

46 
994 

47 

994 

994 

oo  * 
994 

oy  * 
994 

994 

994 

'tA  0 

994 

40  D 

994 

994 

45'6 

993 

46*6 

393 

25 

37 
994 

38 
994 

39 

993 

40-1 

993 

42-1 

993 

42-2 

993 

43-2 

993 

44-2 

993 

45.2 

993 

46-3 

993 

T61Tip. 

c. 

Sic 

52c 

S3c 

S4c 

55c 

56c 

57c 

58o 

59c 

GOc 

Deg. 
10 

52-9 

1004 

53-8 

1004 

54-8 

1004 

55-8 

1004 

56-8 
1004 

57-8 

1004 

58'8 

1004 

59-7 

1004 

60-7 
1004 

61-7 

1004 

11 

52'5 

1003 

53-5 
1003 

54-4 

1003 

55-4 

1003 

56-4 

1003 

57-4 

1003 

5S'4 

1003 

59-4 
1003 

60-4 

1003 

61-4 

1003 

12 

52-1 

1002 

53-1 

1002 

54-1 

1002 

55 

1002 

56 

1002 

57 

1002 

58 

1002 

59 

1002 

60 

1002 

61 

1002 

13 

51-8 

1002 

52-7 

1002 

53-7 

1002 

54-7 

1002 

55-7 

1002 

56-7 

1002 

57-7 

1002 

58-7 

1002 

59-7 

1002 

60-7 

1002 

U 

51-4 

1001 

52-3 

1001 

53-3 

1001 

54-3 
1001 

55-3 
1001 

56-3 

1 001 

57-3 
1001 

58-3 
1001 

59-3 
1001 

60-3 
1001 

15 

51 

1000 

52 
1000 

53 
1000 

54 

1000 

55 
1000 

56 
1000 

57 

1000 

58 
1000 

59 
1000 

60 
1000 

16 

50-6 

999 

51-6 

999 

52-6 

999 

53-6 

999 

54-6 

999 

55-6 

999 

56-6 

999 

57-6 

999 

58-6 
929 

59-6 

999 

17 

50-3 

998 

51-3 

998 

52  3 

998 

53-3 

908 

54-3 

998 

55-3 

998 

56-a 

998 

57-3 

998 

58-3 

998 

59-3 

998 

18 

49-9 

998 

50-9 

998 

51-9 

998 

52-9 

998 

53-9 

998 

54-9 

998 

55-9 

998 

56-9 
997 

57-9 

997 

58-9 
997 

19 

49-5 

997  ■ 

50-6 

997 

51-6 

997 

52-6 

997 

53-6 

997 

54-6 

997 

55-6 

997 

56-6 

997 

57-6 

997 

58-6 

997 

20 

49-2 

996 

50-2 

996 

51-2 

99G 

52-2 

996 

53-2 

996 

54-2 

996 

55-2 

99S 

56'2 

996 

57-2 

996 

58-2 

996 

21 

48-8 

995 

49-8 

995 

50-8 

995 

51-8 

995 

52-9 

995 

53-9 

995 

54-9 

995 

55-9 

995 

56-9 

995 

57-9 

995 

22 

48-4 

995 

49-4 

995 

50-4 

995 

51-4 

994 

52-5 

994 

53-5 
994 

54-5 

994 

55-5 

994 

56-5 

994 

57-5 

994 

23 

48 

994 

49-1 

994 

50-1 

994 

51-1 

994 

52-1 

994 

53-1 

994 

54-1 

994 

55-1 

993 

56-1 

993 

57-1 

993 

24 

47-6 

99S 

48-7 

993 

49-7 

993 

50'7 

993 

51'8 

993 

52*8 

993 

oo  o 

993 

993 

00  o 

993 

56"8 

992 

25 

47-3 

993 

48-3 

993 

49-3 
993 

50-3 

992 

51-4 

992 

52-4 

992 

53-4 

992 

54-4 

992 

55-5 

QQQ 

56-6 
992 

Temp. 
C. 

61c 

62c 

63c 

64c 

65c 

66c 

67c 

68c 

69c 

70c 

Deg. 
10 

62-7 

1004 

63-7 

1004 

64-7 

1004 

65-7 

1004 

66-7 

1004 

67.6 

1004 

68-6 

1004 

69-6 

1004 

70-6 

1004 

71-6 

1004 

11 

62-4 

1 003 

63-4 

1003 

64-4 

1003 

65-4 
1003 

66-4 

1003 

67-3 

1003 

68-3 

1003 

69-3 

1004 

70-3 

1004 

71-3 

1004 

12 

62 
1002 

63 

1002 

64 

1002 

65 

1002 

66 

1002 

67 

1002 

68 
1003 

69 

1003 

70 

1003 

71 

1003 

13 

61-7 

1002 

62-7 

1002 

63-7 

1002 

64-7 

10002 

65-7 

1002 

66-7 

1002 

67-7 

1002 

68-7 

1002 

69-6 

1002 

70-6 

1002 

14 

61-3 

1001 

62-3 
1001 

63-3 

1001 

64-3 

1001 

65-3 

1001 

66-3 

1001 

67-3 

1001 

68-3 
1001 

69-3 

1001 

70-3 

1001 

15 

61 

1000 

62 
1000 

63 
1000 

64 

1000 

65 
lOOO 

66 
1000 

67 
1000 

68 
1000 

69 
1000 

70  , 

1000 

E  2 
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AlcoSmetrical  Table  of  real  Strength,  by  M.  Gay-Lussac  (continued). 


Temp. 
C. 

61c 

62c 

63c 

64c 

65c 

66c 

67c 

65c 

69c 

70c 

Deg. 
16 

60-6 

999 

61-7 

999 

627 

999 

637 

999 

647 

999 

657 

999 

667 

999 

677 

999 

687 

999 

697 

999 

17 

60-3 

993 

61-3 

9!)S 

62-3 
998 

63-3 

998 

64-3 

998 

65-3 

938 

66-3 

998 

67'3 

998 

68'3 

998 

69'3 

998 

18 

59'9 
997 

61 

997 

62 

997 

63 
997 

64 

9!i7 

65 
997 

66 
997 

67 

997 

68 
997 

69 

997 

19 

59-6 

997 

60-6 
997 

61-6 

997 

627 

997 

637 

997 

647 

997 

657 

997 

667 

997 

677 

996 

687 

99fl 

20 

59-2 

99G 

60-3 

996 

61-3 

996 

62-3 

996 

63-3 

996 

64-3 

996 

65-4 

996 

66-4 

996 

67-4 

996 

68-4 

996 

21 

68-9 

995 

59-9 
99.5 

61 

995 

62 

995 

63 

995 

64 

995 

65 

995 

66 

995 

67 

995 

68'1 

995 

22 

58-5 
994 

59-5 
994 

60-6 

994 

61-6 

994 

627 

904 

637 

994 

647 

994 

657 

994 

667 

67-8 

.  23 

58-1 

993 

59-2 

993 

60-2 

993 

61-3 
993 

62-3 

993 

63-3 

993 

64-3 

993 

65-4 

993 

66-4 

993 

67-4 

993 

24 

57'8 

992 

58-9 

992 

59-9 

992 

61 

992 

62 

992 

63 

992 

64 

992 

65 

992 

66 

992 

67-1 

992 

25 

57-5 

992 

58-5 
992 

59-5 
992 

60-6 
991 

61-6 

991 

62-6 
991 

637 
991 

647 
991 

657 

991 

667 
991 

Temp. 
C. 

71c 

72c 

73c 

74c 

75c 

76c 

77c 

78c 

79c 

80c 

Deg. 
10 

72-6 

1004 

73-5 

1004 

74-5 

1005 

75-5 

1005 

76-5 

1005 

77-5 

1005 

78-5 

1005 

79-5 

lOOft 

80-5 
1005 

81-5 

1005 

11 

72-3 

1004 

73-2 

1004 

74-2 

1004 

75-2 
1004 

76-2 

1004 

77-2 

1004 

78-2 
1004 

79-2 
loot 

80-2 

1004 

81.2 

10O4 

12  . 

72 

1003 

72-9 

1003 

73-9 
1003 

74-9 

1003 

75-9 

1003 

76-9 

1003 

77-9 

1003 

78'9 

1003 

79-9 

1003 

80-9 

1003 

13 

71-6 

1002 

72-6 

1002 

73-6 

1002 

74-6 

1002 

75-6 
1002 

76-6 

1002 

77-6 

1002 

78-6 

1002 

79-6 
1002 

80-6 
1002 

14 

71-3 

1001 

72-3 

1001 

73-3 
1001 

74-3 

1001 

75-3 

1001 

76-3 
1001 

77-3 
1001 

78-3 

1001 

79-3 
1001 

80-3 
1001 

15 

71 

1000 

72 

1000 

73 
1000 

74 

1000 

75 
1000 

76 

1000 

77 

1000 

78 
1000 

79 
1000 

80 
1000 

16 

70-7 

999 

717 

999 

727 

999 

737 

999 

747 

999 

757 

999 

767 

999 

777 

999 

787 

999 

797 

999 

1 7  ' 

70"3 

998 

71 '3 

998 

72"3 

998 

73"3 

998 

74-3 

998 

75-4 

998 

76-4 

99  s 

77-4 

998 

78-4 

998 

79-4 

998 

18 

70 

997 

71 

997 

72 

997 

73 
997 

74 

997 

75-1 

997 

761 

997 

77-1 

997 

78-1 

997 

79'1 

997 

19 

697 

996 

707 

996 

717 

996 

727 

996 

737 

996 

747 

996 

75-8 

996 

76-8 

996 

77-8 

996 

78-8 

996 

20 

69-4 

996 

70-4 

996 

71-4 

995 

72-4 

995 

73-4 

993 

74-4 

995 

75-5 

995 

76-5 

995 

77-5 

995 

78-5 

995 

2 1 

69'1 

995 

70-1 

995 

71-1 

995 

72-1 

994 

73-1 

994 

74-1 

994 

75-2 

994 

76-2 

994 

77-2 

994 

78-2 

994 

22 

68-8 
994 

69-8 

994 

70-8 

994 

71-8 

994 

72-8 

993 

73-8 

993 

74-8 

993 

75-9 

993 

76-9 
993 

77-9 

993 

23 

68-4 

993 

69-4 

993 

70-5 

993 

71-5 

993 

72-5 

992 

73-5 

992 

74-5 

992 

75-5 

992 

76-6 

992 

77-6 

992 

24 

68-1 

992 

69-1 

992 

70-1 

992 

71-2 

992 

72-2 

992 

73-2 

992 

74-2 

992 

75-2 

991 

76-3 
991 

77-3 

991 

25 

67-8 
991 

68-8 
991 

69-8 
991 

70-8 
991 

71-8 

991 

72-8 

991 

73-9 
991 

74-9 
991 

76 

991 

77 
991 
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Temp. 
C. 

81c 

82c 

83c 

84c 

85c 

86c 

87'c 

88c 

89c 

90c 

Deg. 
10 

ions 

OO  4 

1005 

1005 

85'4 

1005 

86'4 

1005 

87-4 

1005 

88-3 

1005 

89-3 

1005 

90-2 

1005 

91-2 

lOOn 

1 1 

1004 

1004 

1004 

1004 

86'1 

1004 

87'1 

1004 

88 
1004 

89 
1004 

90 

1004 

91 

100-1 

&  1  *Q 

1003 

82*9 

1003 

83'9 

1003 

84'8 
1003 

85'8 

1003 

86'8 
1003 

87-8 

1003 

887 
1003 

897 
1003 

907 

1 003 

13 

O  I  D 
1002 

82'6 

1002 

83'6 

1002 

84'6 

1002 

85"5 
1002 

86'5 

1002 

87-5 

1002 

88-5 

1002 

89-5 
1002 

90-.T 

1002 

14 

81*3 

1001 

82'3 

1001 

83*3 

1001 

84"3 

inoi 

8  5 '3 
1401 

86'3 

1001 

87-3 

1001 

88-2 

1001 

89-2 

1001 

90-2 
1001 

1 

1  £> 

81 

1000 

82 
1000 

83 

1000 

84 

1000 

85 
loon 

86 

1000 

87 

1000 

88 

1000 

89 

1000 

90 
1000 

1  fi 
iu 

80'7 

999 

817 

699 

82-7 

999 

837 

999 

847 

999 

857 

999 

867 

999 

877 

999 

887 

999 

897 

999 

80'4 

998 

8r4 

998 

82-4 

998 

83-4 

998 

84-4 

998 

85-4 

998 

86-4 

998 

87-4 

998 

88-4 

998 

89-5 

998 

18 

80'1 

997 

81'1 

997 

82-1 

997 

83'1 

997 

84-1 

997 

85-2 
997 

86-2 
997 

87-2 

997 

88-2 
997 

89-2 

997 

79"8 

996 

80'8 

995 

8r9 

996 

82'9 

996 

83'9 

996 

84-9 

996 

85-9 

996 

86-9 

996 

87-9 

996 

88-9 

996 

20 

79"5 

995 

80'5 

995 

81-6 

995 

82'6 

995 

83-6 

995 

84-6 

995 

85  6 

995 

86-6 

995 

877 

995 

887 
995 

21 

79"2 

994 

80'2 

994 

81-3 

991 

82-3 

994 

83-3 

994 

84-3 

994 

85-3 

994 

86-4 

994 

87-4 

994 

88-4 
994 

22 

78'9 

993 

79-9 

903 

81 

993 

82 

993 

83 
993 

84 
993 

85 

993 

86-1 

993 

87-1 

993 

88'2 

993 

23 

78-6 

992 

79-6 

992 

80-7 

902 

817 

992 

827 

992 

83-8 

992 

84-8 

992 

85-8 

992 

86-8 

992 

87-9 

992 

24 

78-3 

991 

79-3 
991 

80-4 

991 

81-4 

991 

82-4 

991 

83'5 

991 

84-5 
991 

85-5 

991 

86-5 
991 

87-6 
991 

25 

78 
991 

■79 

991 

80-1 

990 

811 

990 

82-1 

990 

83-2 

990 

84-2 

990 

85-2 
990 

86-3 
990 

87-4 

990 

The  boiling  point  of  mixtures  of  alcohol  and  water  likewise  differs  with  the  strength 
of  such  mixtures. 

According  to  Gay-Lussac,  absolute  alcohol  boils  at  78-4°  C.  (173°  F.)  under  a 
pressure  of  760  millimetres  (the  millimetre  being  0'03937  English  inches).  When 
mixed  with  water,  of  course  its  boiling  point  rises  in  proportion  to  the  quantity  of 
water  present,  as  is  the  case  in  general  with  mixtures  of  two  fluids  of  greater  and 
less  volatility.  A  mixture  of  alcohol  and  water,  however,  presents  this  anomaly,  ac- 
cording to  Soemmering :  when  the  mixture  contains  less  than  six  per  cent,  of  alcohol, 
those  portions  which  first  pass  off  are  saturated  with  water,  and  the  alcoholic  solu- 
tion in  the  retort  becomes  richer,  till  absolute  alcohol  passes  over  ;  but  when  the 
mixture  contains  more  than  six  per  cent,  of  water  the  boiling  point  rises,  and  the 
quantity  of  alcohol  in  the  distillate  steadily  diminishes  as  the  distillation  proceeds. 

According  to  Groning's  researches,  the  following  temperatures  of  the  alcoholic 
vapours  correspond  to  the  accompanying  contents  of  alcohol  in  per-centage  of  volume 
which  are  disengaged  in  the  boiling  of  the  spirituous  liquid. 


Alcoholic  con- 

Alcoholic con- 

Temperature. 

tent  of  the 

tent  of  the  boil- 

Temperature. 

vapour. 

ing  liquid. 

Fahr.  170-0 

93 

92 

Fahr.  189-8 

171-8 

92 

90 

1920 

172 

91 

85 

164 

172-8 

90^ 

80 

196-4 

174 

90 

■  70 

198-6 

174-6 

89 

70 

201 

176 

87 

65 

203 

1J8-3 

85 

50 

205-4 

1808 

82 

40 

207-7 

183 

80 

35 

210 

185 

78 

30 

212 

187-4 

76 

25 

Alcoholic  con- 
tent of  the 
vapour. 


71 
68 
66 
61 
55 
50 
42 
36 
28 
13 
0 


Alcoholic  con- 
tent of  the  boil- 
ing liquid. 


20 
18 
15 
12 
10 
7 
5 
3 
2 
1 
0 
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•  ALCOHOL.  V 


Gromng  undertook  this  investigation  in  order  to  employ  the  thermometer  as  an 
alcoholometer  in  the  distillation  of  spirits  ;  for  which  purpose  he  thrust  the  hulb  of  the 
thermometer  through  a  cork  inserted  into  a  tube  fixed  in  the  capital  of  the  still.  The 
state  of  the  barometer  ought  also  to  be  considered  in  making  comparative  experiments 
of  this  kind.  Since,  by  this  method,  the  alcoholic  content  may  be  compared  with  the 
temperature  of  the  vapour  that  passes  over  at  any  time,  so,  also,  the  contents  of  the 
whole  distillation  may  be  found  approximately ;  and  the  method  serves  as  a  convenient 
means  of  making  continual  observations  on  the  progress  of  the  distillation. 

From  the  mean  of  a  gi'eat  many  experiments.  Dr.  lire  drew  up  the  following  Table, 
which  shows  the  boiling  point  of  alcohol  of  various  specific  gravities :  


Boiling  Point. 

Specific  Gravity. 

Boiling  Point. 

Specific  Gravity. 

178-5  F. 

0-9200 

185-6  F. 

0-9665 

179-75  „ 

0-9321 

189-0  „ 

0-9729 

180-4  „ 

0-9420 

191-8  „ 

0-9786 

182-01  „ 

0-9516 

196-4  „ 

0-9850 

183-40  „ 

0-960 

202-0  „ 

0-992 

Density  of  the  Vapour. — One  Tolume  of  alcohol  yields  488-3  volumes  of  vapour 
at  212°  F.  The  specific  gravity  of  the  vapour,  taking  air  as  unity,  was  found  by 
Gay-Lussac  to  be  1-6133.  [Its  vapour- density,  referred  to  hydrogen  as  unity,  is 
13-3605  ?  ] 

Spirituous  vapour  passed  through  an  ignited  tube  of  glass  or  porcelain  is  converted 
into  carbonic  oxide,  water,  hydrogen,  carburetted  hydrogen,  defiant  gas,  naphthaline, 
empyreumatic  oil,  and  carbon ;  according  to  the  degree  of  heat  and  nature  of  the 
tube,  these  products  vary.  Anhydrous  alcohol  is  a  non-conductor  of  electricity,  but 
is  decomposed  by  a  powerful  voltaic  battery.  Alcohol  burns  in  the  air  with  a  blue 
flame  into  carbonic  acid  and  water ;  the  water  being  heavier  than  the  spirit,  because 
46  parts  of  alcohol  contain  6  of  hydrogen,  which  form  54  of  water.  In  oxygen  the 
combustion  is  accompanied  with  great  heat,  and  this  flame,  directed  through  a  small 
tube,  powerfully  ignites  bodies  exposed  to  it. 

Platinum  in  a  finely  divided  state  has  the  property  of  determining  the  combi- 
nation of  alcohol  with  the  oxygen  of  the  air  in  a  remarkable  manner.  A  ball  of 
spongy  platinum,  placed  slightly  above  the  wick  of  a  lamp  fed  by  spirit  and  commu- 
nicating with  the  wick  by  a  platinum  wire,  when  once  heated,  keeps  at  a  red  heat, 
gradually  burning  the  spirit.  This  has  been  applied  in  the  construction  of  the  so- 
called  "philosophical  pastilles;"  eau-de-cologne  or  other  perfumed  spirit  being  thus 
made  to  diffuse  itself  in  a  room. 

Mr.  Gill  has  also  practically  applied  this  in  the  construction  of  an  alcohol  lamp 
without  flame. 

A  coil  of  platinum  wire,  of  about  the  one-hundredth  part  of  an  inch  in  thickness, 
is  coiled  partly  round  the  cotton  wick  of  a  spirit  lamp,  and  partly  above  it,  and  the 
lamp  lighted  to  heat  the  wire  to  redness ;  on  the  flame  being  extinguished,  the  alcohol 
vapour  keeps  the  wire  red  hot  for  any  length  of  time,  so  as  to  be  in  constant  readiness 
to  ignite  a  match,  for  example.  This  lamp  affords  sufficient  light  to  show  the  horn- 
by  a  watch  in  the  night,  with  a  very  small  consumption  of  spirit. 

This  property  of  condensing  oxygen,  and  thus  causing  the  union  of  it  with  com- 
bustible bodies,  is  not  confined  to  platinum,  but  is  possessed,  though  in  a  less  degree, 
hy  other  porous  bodies.  If  we  moisten  sand  in  a  capsule  with  absolute  alcohol,  and 
cover  it  with  previously  heated  nickel  powder,  protoxide  of  nickel,  cobalt  powder, 
protoxide  of  cobalt,  protoxide  of  uranium,  or  oxide  of  tin  (these  six  bodies  being 
procured  by  ignition  of  their  oxalates  in  a  crucible),  or  finely  powdered  peroxide 
of  manganese,  combustion  takes  place,  and  continues  so  long  as  the  spirituous  vapour 
lasts. 

Solvent  Power. — One  of  the  properties  of  alcohol  most  valuable  in  the  arts  :s  its 

solvent  power. 

It  dissolves  gases  to  a  very  considerable  extent,  which  gases,  if  they  do  not  enter 
into  combinations  with  the  alcohol,  or  act  chemically  upon  it,  are  expelled  again  on 
boiling  the  alcohol. 

Several  salts,  especially  the  deliquescent,  are  dissolved  by  it,  and  some  of  them 
give  a  colour  to  its  flame  ;  thus  the  solutions  of  the  salts  of  strontia  in  alcohol 
burn  with  a  crimson  flame,  those  of  copper  and  borax  with  a  green  one,  lime  a 
reddish,  and  baryta  with  a  yellow  flame. 

This  solvent  power  is,  however,  most  remarkable  in  its  action  upon  resins,  ethers 
essential  oils,  fatty  bodies,  idkaloids,  as  well  as  many  organic  acids.    In  a  similar 
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way  it  dissolves  iodine,  bromine,  and  in  small  quantities  sulphur  and  phosphorus. 
In  general  it  may  be  said  to  be  an  excellent  solvent  for  most  hydrogenised  organic 

In  consequence  of  this  property  it  is  most  extensively  used  in  the  chemical  arts : 
e.g.  for  the  solution  of  gum-resins,  &c.,  in  the  manufacture  of  varnishes ;  m  phar- 
macy, for  the  separating  of  the  active  principles  of  plants,  in  the  preparation  of  tinc- 
tures.   It  is  also  employed  in  the  formation  of  chloroform,  ether,  spirits  of  nitre,  &c. 

Methylated  Spirit. — it  was,  therefore,  for  a  long  time  a  great  desideratum  for  the 
manufacturer  to  obtain  spirit  free  from  duty.  The  Government,  feeling  the  necessity 
for  this,  have  sanctioned  the  sale  of  spirit  which  has  been  flavoured  with  methyl-alcohol, 
so  as  to  render  it  unpalatable,/ree  of  duty,  under  the  name  of  "  methylated  spirit."  This 
methylated  spirit  can  now  be  obtained,  in  large  quantities  only,  and  by  giving  suitable 
security  to  the  Board  of  Inland  Revenue  of  its  employment  for  manufacturing  purposes 
only,  and  must  prove  of  great  value  to  those  manufacturers  who  are  large  consumers. 

Professors  Graham,  Hofmann,  and  Redwood,  in  their  "  Report  on  the  Supply  of 
Spirit  of  Wine,  free  of  duty,  for  use  in  the  Arts  and  Manufactures,"  addressed  to  the 
Chairman  of  the  Board  of  Inland  Revenue,  came  to  the  following  conclusions  : — 

"  From  the  results  of  this  inquiry  it  has  appeared  that  means  exist  by  which  spirit 
of  wine,  produced  in  the  usual  way,  may  be  rendered  unfit  for  human  consumption, 
as  a  beverage,  without  materially  impairing  it  for  the  greater  number  of  the  more 
valuable  purposes  in  the  arts  to  which  spirit  is  usually  applied.  To  spirit  of  wine, 
of  not  less  strength  than  corresponds  to  density  0'830,  it  is  proposed  to  make  an 
addition  of  10  per  cent,  of  purified  wood  naphtha  (wood  or  methylic  spirit),  and  to 
issue  this  mixed  spirit  for  consumption,  duty  free,  under  the  name  of  Methylated  Spirit. 
It  has  been  shown  that  methylated  spirit  resists  any  process  for  its  purification ;  the 
removal  of  the  substance  added  to  the  spirit  of  wine  being  not  ouly  difficult,  but,  to 
all  appearance,  impossible  ;  and  further,  that  no  danger  is  to  be  apprehended  of  the 

methylated  spirit  being  ever  compounded  so  as  to  make  it  palatable  It 

may  be  found  safe  to  reduce  eventually  the  proportion  of  the  mixing  ingredient  to 
5  per  cent.,  or  even  a  smaller  proportion,  although  it  has  been  recommended  to  begin 
with  the  larger  proportion  of  10  per  cent." 

And  further,  the  authors  justly  remark  :  —  "  The  command  of  alcohol  at  a  low 
price  is  sure  to  suggest  a  multitude  of  improved  processes,  and  of  novel  applications, 
which  can  scarcely  be  anticipated  at  the  present  moment.  It  will  be  felt  far  beyond 
the  limited  range  of  the  trades  now  more  immediately  concerned  in  the  consumption 
of  spirits ;  like  the  repeal  of  the  duty  on  salt,  it  will  at  once  most  vitally  alFect  the 
chemical  arts,  and  cannot  fail,  ultimately,  to  exert  a  beneficial  influence  upon  many 
branches  of  industry." 

And  in  additional  observations,  added  subsequently  to  their  original  Report,  the 
chemists  above  named  recommend  the  following  restriction  upon  the  sale  of  the 
methylated  spirit  :  —  "  That  the  methylated  spirit  should  be  issued,  by  agents  duly 
authorised  by  the  Board  of  Inland  Revenue,  to  none  .but  manufacturers,  who  should 
themselves  consume  it ;  and  that  application  should  always  be  made  for  it  according  to  a 
recognised  form,  in  which,  besides  the  quantity  wanted,  the  applicant  should  state  the 
use  to  which  it  is  to  be  applied,  and  undertake  that  it  should  be  applied  for  that  pur- 
pose only.  The  manufacturer  might  be  permitted  to  retail  varnishes  and  other  pro- 
ducts containing  the  methylated  spirit,  but  not  the  methylated  spirit  itself  in  an 
unaltered  state."  They  recommend  that  the  methylated  spirit  should  not  be  made 
with  the  ordinary  crude,  very  impure  wood  naphtha,  since  this  could  not  be  advan- 
tageously used  as  a  solvent  for  resins  by  hatters  and  varnish  makers,  as  the  less  volatile 
parts  of  the  naphtha  would  be  retained  by  the  resins  after  the  spirit  had  evano- 
ratcd,  and  the  quality  of  the  resin  would  be  thus  impaired.  If,  however  the  methy- 
lated spirit  be  originaUy  prepared  with  the  crude  wood  naphtha,  it  may  be  nurified 
by  a  simple  distillation  from  10  per  cent,  of  potash.  •>      i'  -"^^ 

It  appears  that  the  boon  thus  afforded  to  the  manufacturing  community  of  obtain 
ing  spirit         free  has  been  acknowledged  and  appreciated ;  and  now  for  most  nur- 
poses,  where  the  smaU  quantity  of  wood- spirit  does  not  interfere,  the  methylated 
spirit  IS  generally  used.  coujiaiLu 

It  appears  that  even  ether  and  chloroform,  which  one  would  expect  to  derive  an 
unpleasant  flavour  from  the  wood  spirit,  are  now  made  of  a  quality  quite  iinobTectlon 
able  from  the_  methylated  spirit ;  but  care  should  be  taken,  especiaUy  in  the  Sara" 
tion  of  medicinal  compounds,  not  to  extend  the  employment  of  the  merhvl^f^^  ^  •  t 
beyond  its  justifiable  limits,  lest  so  useful  an  a^tici  shouM  gttTnto' d  sre,^' * 
Me  hylated  spirit  can  be  procured  also  in  small  quantities  from  the  wholesS^^^^^ 
containing  m  solution  loz.  to  the  gallon  of  shellac,  under  the  -name  Tf  "  finish  " 

lared^pTlU  "'"P'"'""  ■"'P^""  '°  <^'"or<^orm  cm  be  obtained  pure  from  me.hy- 
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Alcoholates.—Gmhum  has  shown  that  alcohol  forms  crystallisable  comnounflR  wift. 
several  salts.    These  bodies,  which  he  calls  " Alcoholatel,"  ar^fn  generafratSr 


stable  combinations,  and  almost  always  decomposed  by  'water 
known  are  the  following:-  ^ 


Among 


un- 
the  best 


Alcoholate  of  chloride  of  calcium  - 
><  „      of  zinc 

„  bichloride  of  tin 

„  nitrate  of  magnesia  - 


2  C^ffO',  Ca  CI 
C^H^O',  Zn  CI 
Cm«0-\  Tn  CI 

3  C^H«0^  Mg  0,  NO, 


ALCOHOLOMETRY  or  ALCOOMETRY.    Determination  of  the  Strength  of 
Mixtures  of  Alcohol  and  Water.    Since  the  commercial  value  of  the  alcoholic  liquori 
commonly  called  "spirits,"  is  determined  by  the  amount  of  pure  or  absolute  alcohol 
present  m  them,  it  is  evident  that  a  ready  and  accurate  means  of  determining  this 
point  is  of  the  highest  importance  to  all  persons  engaged  in  trade  in  such  articles 

If  the  mixture  contam  nothing  but  alcohol  and  water,  it  is  only  necessary  to  deter- 
mine the  density  or  specific  gravity  of  such  a  mixture  ;  if,  however,  it  contain  saccha- 
rine matters,  colourmg  principles,  &c.,  as  is  the  case  with  wine,  beer,  &c.  other 
processes  become  necessary,  which  will  be  fully  discussed  hereafter 

The  determination  of  the  specific  gravity  of  spirit,  as  of  most  other  liquids,  may  be 
effected,  with  perhaps  greater  accuracy  than  by  any  other  process,  by  means  of  a 
stoppered  specific-gravity  bottle.  If  the  bottle  be  of  such  a  size  as  exactly  to  hold  1000 
grains  of  distilled  water  at  60°  F.,  it  is  only  necessary  to  weigh  it  full  of  the  spirit  at 
the  same  temperature,  when  (the  weight  of  the  bottle  being  known)  the  specific 
gravity  is  obtained  by  a  very  simple  calculation.    See  Specific  Gravity. 

This  process,  though  very  accurate,  is  somewhat  troublesome,  especially  to  persons 
unaccustomed  to  accurate  chemical  experiments,  and  it  involves  the  possession  of  a 
delicate  balance.  The  necessity  for  this  is  however  obviated  by  the  employment  of 
one  of  the  many  modifications  of  the  common  hydrometer.  This  is  a  floating  instru- 
ment, the  use  of  which  depends  upon  the  principle,  that  a  solid  body  immersed  into  a 
fluid  is  buoyed  upwards  with  a  force  equal  to  the  weight  of  the  fluid  which  it  displaces, 
i.  e.  to  its  own  bulk  of  the  fluid ;  consequently,  the  denser  the  spirituous  mixture,  or 
the  less  alcohol  it  contains,  the  higher  will  the  instrument  stand  in  the  liquid  ;  and  the 
less  dense,  or  the  more  spirit  it  contains,  the  lower  will  the  apparatus  sink  into  it. 

There  are  two  classes  of  hydrometers.  1st.  Those  which  are  always  immersed  in 
the  fluid  to  the  same  depth,  and  to  which  weights  are  added  to  adjust  the  instrument 
to  the  density  of  any  particular  fluid.  Of  this  kind  ai'e  Fahrenheit's,  Nicholson's, 
and  Guyton  de  Morveau's  hydrometers.  . 

2nd.  Those  which  are  always  used  with  the  same  weight,  but 
which  sink  into  the  liquids  to  be  tried,  to  different  depths,  according 
to  the  density  of  the  fluid.  Of  this  class  are  most  of  the  common 
glass  hydrometers,  such  as  Beaume's,  Curteis's,  Gay-Lussac's, 
Twaddle's,  &c. 

Sykes's  and  Dicas's  combine  both  principles.  See  Hydro- 
meters. 

Sykes's  hydrometer,  or  alcoholometer,  is  the  one  employed  by  the 
Board  of  Excise,  and  therefore  the  one  most  extensively  used  in 
this  country. 

This  instrument  does  not  immediately  indicate  the  density  or 
the  per-centage  of  absolute  alcohol,  but  the  degree  above  or  below 
proof — the  meaning  of  which  has  been  before  detailed,  (p.  44.) 

It  consists  of  a  spherical  ball  or  float,  a,  with  an  upper  and  lower 
stem  of  brass,  b  and  c.  The  upper  stem  is  graduated  into  ten  principal 
divisions,  which  are  each  subdivided  into  five  parts.  The  lower  stem, 
c,  is  made  conical,  and  has  a  loaded  bulb  at  its  extremity.  There  are 
nine  movable  weights,  numbered  respectively  by  tens  from  10  to 
90.  Each  of  these  circular  weights  has  a  slit  in  it,  so  that  it  can 
be  placed  on  the  conical  stem,  c.  The  instrument  is  adjusted  so 
that  it  floats  with  the  surface  of  the  fluid  coincident  with  zero  on 
the  scale,  in  a  spirit  of  specific  gravity  '825  at  60°  F.,  this  being 
accounted  by  the  Excise  as  "  standard  alcohol."  In  weaker  spirit, 
which  has  therefore  a  greater  density,  the  hydrometer  will  not  sink 
so  low ;  and  if  the  density  be  much  greater,  it  will  be  necessary  to 
add  one  of  the  weights  to  cause  the  entire  immersion  of  the  bulb  of 
the  instrument.  Each  weight  represents  so  many  principal  divi- 
sions of  the  stem,  as  its  number  indicates  ;  thus,  the  heaviest  weight, 
marked  90,  is  equivalent  to  90  divisions  of  the  stem,  and  the  instrument,  with  the 
wei"-ht  added,  floats  at  0  in  distilled  wator.    As  each  principal  division  on  the  stem  is 
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divided  into  five  suMivisions  the  instr^  Tl^^ell^L'eTn'o^e'rCslL^ 
o?  £te^£^rn      Son  f  oTird^^^ing  at  .vhich  line  the  instrument 
S  the  height  60  attached  to  it  floats  in  spirit  exactly  of  the  strength  of  proof,  at  a 

'TTs^ng  ?hif  Inftrument,  it  is  immersed  in  the  spirit,  and  P-sed  dow.  by 
the  hand  until  the  whole  of  the  graduated  PO'tion  of  the  upper  stem  is  wet.^^T^^^ 
force  of  the  hand  required  to  sink  it  will  be  a  guide  to  the  selection  of  the  proper 
weieht  Having  taken  one  of  the  circular  weights  necessary  for  the  purpose,  it  is 
slipped  on  to  the  lower  conical  stem.  The  instrument  is  again  immersed,  and 
pressed  down  as  before  to  0,  and  then  allowed  to  rise  and  settle  at  any  point. 
The  eye  is  then  brought  to  the  level  of  the  sm-face  of  the  spirit,  and  the  part  of  the 
stem  cut  by  the  surface,  as  seen  from  below,  is  marked.  The  number  thus  indi- 
cated by  the  stem  is  added  to  the  number  of  the  weight,  and  the  sum  of  these,  together 
with  the  temperature  of  the  spirit,  observed  at  the  same  time  by  means  of  a  thermo- 
meter, enables  the  operator,  by  reference  to  a  Table  which  is  sold  to  accompany 
the  instrument,  to  find  the  strength  of  the  spirit  tested. 

These  Tables  are  far  too  voluminous  to  be  quoted  here  ;  and  this  is  unnecessary, 
since  the  instrument  is  never  sold  without  them. 

A  modification  of  Sykes's  hydrometer  has  been  recently  adopted  for  testing  alco- 
holic liquors  which  is  perhaps  more  convenient,  as  the  necessity  for  the  loading 
weights  is  done  away  with,  the  stem  being  sufficiently  long  not  to  require  them.  It 
is  constructed  of  glass,  and  is  in  the  shape  of  a  common  hydrometer,  the  stem  being 
divided  into  degrees ;  it  carries  a  small  spirit  thermometer  in  the  bulb,  to  which  a 
scale  is  fixed,  ranging  from  30°  to  82°  F.  (0  to  12°  C.)  There  are  Tables  supplied 
with  the  hydrometer,  which  are  headed  by  the  degrees  and  half  degrees  of  the  ther- 
momctric  scale  ;  and  the  corresponding  content  of  spirit,  over  or  under  proof  at  the 
respective  degree  of  the  Table,  is  placed  opposite  each  degree  of  the  hydrometer. 

By  means  of  either  of  these  instruments,  and  by  the  use  of  the  Tables  accompany- 
ing them,  we  learn  the  strength,  in  degrees,  above  or  below  proof;  and  the  following 
Table  by  Dr.  Ure  will  be  found  most  useful  in  converting  these  numbers  into  specific 
gravities. 


Per 
cent, 
over 
Proof. 

Specific 
Gravity. 

Per 
cent, 
over 
Proof. 

Specific 
Gravity. 

Per 
cent, 
over 
Proof 

Specific 
Gravity. 

Per 
cent, 
over 
Proof. 

Specific 
Gravity. 

Per 
cent, 
over 
Proof. 

Specific 
Gravity. 

67-0 

0-8156 

52-1 

0-8-)48 

37-1 

0-8692 

21-9 

0-8912 

7-1 

0-9111 

66-5 

0-8166 

51-5 

0-8459 

36-4 

0-8702 

21-4 

0-8919 

6-5 

0-9118 

66-1 

0-8174 

51-1 

0-8465 

35-9 

0-8709 

20-9 

0-8926 

5-9 

0-9126 

65-5 

0-8188 

50-5 

0-8476 

35-5 

0-8716 

20-4 

0-8933 

5-6 

0-9130 

65-0 

0-8199 

50-1 

0-8482 

35-0 

0-8723 

19-9 

0-8940 

5-0 

0-9137 

64-5 

0-8210 

49-5 

0-8493 

34-5 

0-8730 

19-3 

0-8948 

4-5 

0-9145 

64'0 

0-8221 

49-1 

0-8499 

34-1 

0-8737 

19-1 

0-8951 

3-9 

0-9152 

63-6 

0-8227 

48-5 

0-8510 

33-6 

0-8744 

18-6 

0-8959 

3-3 

0-9159 

63-1 

0-8238 

48-0 

0-8516 

32-9 

0-8755 

18-0 

0-8966 

3-0 

0-9163 

62-5 

0-8249 

47-6 

0-8523 

32-4 

0-8762 

17-5 

0-8974 

2-4 

0-9170 

62  0 

0-8259 

47-0 

0-8533 

32-0 

0  8769 

16-9 

0-8981 

1-9 

0-9178 

61-6 

0-8266 

46-6 

0-8540 

31-5 

0-8776 

16-4 

0-8989 

1-6 

0-9182 

61-1 

0-8277 

46-0 

0-8550 

31-0 

0-8783 

15-9 

0-8996 

1-0 

0-9189 

60-5 

0-8287 

45-6 

0-8556 

30-5 

0-8790 

15-6 

0-9000 

0-3 

0-9196 

60-0 

0-8298 

45-0 

0-8566 

30-0 

0-8797 

15-0 

0-9008 

proof 

0-9200 

59-5 

0-8308 

44-6 

0-8573 

29-5 

0-8804 

14-5 

0-9015 

under 

proof 

59-1 

0-8315 

43-9 

0-8583 

29-0 

0-8811 

13-9 

0-9023 

1-3 

0-9214 

58-6 

0-8326 

43-5 

0-8590 

28-5 

0-8818 

13-4 

0-9030 

2-2 

0-9226 

58-0 

0-8336 

43-1 

0-8597 

28-0 

0-8825 

13-1 

0-9034 

3-1 

0-9237 

57-5 

0-8347 

42-6 

0-8604 

27-5 

0-8832 

12-5 

0-9041 

4-0 

0-9248 

57-1 

0-8354 

42-0 

0-8615 

27-0 

0-8840 

12-0 

0-9049 

5-0 

0-9259 

56-6 

0-8365 

41-5 

0-8622 

26-5 

08847 

11-4 

0-9056 

6-0 

0-9270 

560 

0-8376 

41-1 

0-8629 

26-0 

0-8854 

11-1 

0-9060 

7-0 

0-9282 

55-5 

0-8386 

40-6 

0-8636 

25-5 

0-8861 

10-6 

0-9067 

8-0 

0-9295 

55-0 

0-8366 

40-0 

0-8646 

25-0 

0-8869 

10-0 

0-9075 

9-0 

0-9306 

54-6 

0-8043 

39-6 

08653 

24-5 

0-8876 

9-4 

0-9082 

10-0 

0-9318 

54-1 

0-8413 

39-1 

0-8660 

24-0 

0  8883 

8-9 

0-9089 

11-0 

0-9329 

53-5 

0-8424 

38-4 

0-8671 

23-5 

0-8890 

8-3 

0-9097 

12-1 

0-9341 

53-1 

0-8431 

38-0 

0-8678 

23-0 

0-8897 

8-0 

0-9100 

13-1 

0-9353 

52-.'5 

0-8441 

37-6 

0-8685 

22-5 

0-8904 

7-4 

0-9107 

1  14-2 

0-9364 
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Per 
cent, 
over 
Proof. 

Specific 
Gravity. 

Per 
cent, 
over 
Proof. 

Specific 
Gravity. 

Per 
cent, 
over 
Proof, 

Specific 
Gravity. 

15-3 

0'9376 

32-3 

0*9542 

u  ^boD 

16'0 

0'8384 

33'2 

V  UOO\J 

\J\J  0 

U  yb74 

17-1 

0'9396 

34-2 

0-9557 

0  I.  \J 

U  yb/y 

18-2 

0'9407 

35-1 

U  yboD 

19 '3 

0'9419 

36-1 

53'3 

u  ybyo 

20-0 

0'9426 

37-1 

0-9580 

ot  0 

y /Ul 

21-2 

0'9437 

38-1 

0-9588 

*j\J  £1 

u  y  /  uy 

22'2 

0-9448 

39-1 

0-959fi 

u  y  /  lo 

231 

0-9456 

40-1 

0-9fi0.T 

<jo  0 

u  y  /  2z 

23-9 

0-9464 

41-1 

0-9611 

u  y  / 

24-3 

0-9468 

42-2 

0*9619 

u.y  /  04 

25-1 

0-9476 

43*3 

0*9627 

Oil 

u  y  /  ots 

26-3 

0-9488 

44-4 

fil  'ft 

u  y  /  4.^ 

27-1 

0-9496 

45-0 

U  iJDOO 

Do  £t 

0*9750 

28-0 

0-9503 

46-1 

0*9646 

63-9 

0*9754 

29-2 

0-9515 

47-3 

0-9654 

65-3 

0*9762 

30-1 

0-9522 

47-9 

0-9657 

66-0 

0-9766 

31-0 

0-9530 

Per 
cent, 
over 
Proof. 


67*4 

68-  0 

69-  4 

70-  1 

71-  4 

72-  1 

73-  5 

74-  1 

75-  4 

76-  1 

77-  3 

78-  0 

79-  2 

80-  4 

81-  1 

82-  3 

83-  5 


Specific 
Gravity. 


0-9774 
0-9778 
0-9786 
0-9790 
0-9798 
0-9802 
0-9810 
0-9814 
0-9822 
0-9826 
0-9834 
0-9838 
0-9846 
0-9854 
0-9858 
0-9866 
098-74 


Per 

cent. 

Specific 

over 
Proof. 

Gravity, 

84*0 

85-2 

yj  1700  0 

86'3 

n.QQQ  \ 

8  7 '4 

U  i3o\j£, 

88*0 

\i  tjyub 

89*1 

fl'QQ  1  4 

90*2 

91-2 

92*3 

u  yyoo 

93-3 

94*3 

95*4 

yJ  tJvO  £ 

96-4 

yJ  iJu  /  yj 

97-3 

0-9978 

98*2 

0-9986 

99-1 

0-9993 

100-0 

1-0000 

And  now,  by  reference  either  to  Drinkwater's,  Tralle's,  or  Gay-Lussac's  Tables 
the  operator  will  be  enabled  to  find,  by  the  knowledge  of  the  density  or  specific 
gravity,  at  the  temperature  at  which  the  operation  was  performed,  the  per-centage  of 
real  alcohol,  either  by  weight  or  by  volume. 

In  France,  Gay-Lussao's  alcoolometre  is  usually  employed.  It  is  a  common  glass 
hydrometer,  with  the  scale  on  the  stem  divided  into  100  parts  or  degrees.  The 
lowest  division,  marked  0,  denotes  the  specific  gravity  of  pure  water;  and  100,  that 
of  absolute  alcohol,  both  at  15°  C.  (59°  F.)  The  intermediate  degrees,  of  course, 
show  the  per-centage  of  absolute  alcohol  by  volume  at  15°  C;  and  the  instrument  is 
accompanied  by  the  Tables  already  given  for  ascertaining  the  per-centage  at  any 
other  temperature. 


Alcoholometry  of  Liquids  containing  besides  Alcohol,  Saccharine  Matters,  Colouring 
Principles,  §-c.,  siich  as  Wines,  Beer,  Liqueurs,  Sfc. 

In  order  to  determine  the  proportion  of  absolute  alcohol  contained  in  wines,  or 
other  mixtures  of  alcohol  and  water  with  saccharine  and  other  non-volatile  sub- 
stances, the  most  accurate  method  consists  in  submitting  a  known  volume  of  the 
liquid  to  distillation  (in  a  glass  retort,  for  instance)  ;  then,  by  determining  the  specific 
gravity  of  the  distilled  product,  to  ascertain  the  per-centage  of  alcohol  in  this  distil- 
late, which  may  be  regarded  as  essentially  a  mixture  of  pure  alcohol  and  water. 
The  distillation  is  carried  on  until  the  last  portions  have  the  gravity  of  distilled 
water ;  by  then  ascertaining  the  total  volume  of  the  distillate,  and  with  the  know- 
ledge of  its  per-centage  of  alcohol  and  the  volume  of  the  original  liquor  used,  the 
method  of  calculating  the  quantity  of  alcohol  present  in  the  wine,  or  other  liquor,  is 
suflBciently  obvious. 

In  carrying  out  these  distillations  care  must  be  taken  to  prevent  the  evaporation  of 
the  spirit  from  the  distillate,  by  keeping  the  condenser  cool.  And  Professor  Mulder 
recommends  the  use  of  a  refrigerator,  consisting  of  a  glass  tube  fixed  in  the  centre  of 
a  jar,  so  that  it  may  be  kept  filled  with  cold  water.  The  tube  must  be  bent  at 
a  right  angle,  and  terminate  in  a  cylindrical  graduated  measure-glass,  shaped  like  a 
bottle.* 

It  is  well  to  continue  the  distillation  until  about  two-thirds  of  the  liquid  has 
passed  over. 

This  process,  though  the  most  accurate  for  the  estimation  of  the  strength  of  alco- 
holic liquors,  is  still  liable  to  error.  The  volatile  acids  and  ethers  pass  over  with  the 
alcohol  into  the  distillate,  and,  to  a  slight  extent,  affect  the  specific  gravity.  This 
error  may  be,  to  a  great  extent,  overcome  by  mixing  a  little  chalk  with  the  wine,  or 
other  liquor,  previous  to  distillation. 

By  this  method  Professor  Brande  made,  some  years  ago,  determinations  of  the 
strength  of  the  following  wines,  and  other  liquorsf:  — 

»  Tlie  Cliemistry  of  Wine,  by  G.  J.  Mulder,  edited  bv  H.  Bencc  Jones,  M.IX 
t  Brando's  Manual  of  Chemistry ;  also  Plillosopliical  Trans.,  18U. 
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liissa  .  -  - 
Raisin  -  -  - 
Marsala 

Port  (of  7  samples) 
Madeira 

Sherry  (of  4  samples) 
Teneriffe 

Lisbon  -       -  - 
Malaga 
Bucellas 
Cape  Madeira 
Roussillon 
Claret  - 
Sauterne 
Burgundy 
Hock  - 
Tent  - 
Champagne  - 
Gooseberry  - 


Proportion  of  Spirit  per  Cent,  by  Measure. 

Orauge  .  .  -  average  11-26 
Elder  -      -       -      -       „  8-79 


-  average  25-41 
„  25-12 


„  25-09 
„  22-96 
„  22-27 
„  19-17 
19-79 
18:94 
18-94 
18-49 

-  average  20-51 
„  19-00 
„  15-10 
„  14-22 
„  14-57 
„  12-08 
„  13-30 
„  12-61 
11-84 


Cider  - 

Perry  -      -       -  » 
Mead  -      -       -  ,, 
Ale,  Burton  "j 
Ale,  Edinburgh  I  average 
Ale,  Dorchester  J 
Brown  Stout 
London  Porter 
London  Small  Beer 

Brandy 

Bum  -  -  - 
Gin     -       -  - 

Scotch  Whisky 
Irish  Whisky 


-  average  5-21  to  9-87 
7-26 


6-87 


15- 


7-32 

88 
20 
55 
6-80 

average  4-20 
„  1-28 


53-39 

53-  68 
57-60 

54-  32 
53-90 


22-46 

Port  (best)  -       -  - 

20-2 

19-95 

Marcobrunner 

8-3 

22-40 

Champagne  (1st)  - 

12-12 

100 

Champagne  (2nd)- 

10-85 

11-7 

Home  Ale  -       -  - 

6-4 

20-7 

Export  Ale  -       -  . 

64 

23-1 

Strong  Ale  -       -  - 

9-0 

20-5 

Stout  .       -       -  . 

5-7 

14-4 

Porter-  ... 

4-18 

The  following  results  were  obtained  by  the  writer  more  recently  by  this  process 
(1854). 

Per-centage  of  Alcohol  by  Volume. 

Port  (1834)  -       -       -  - 
Sherry  (Montilla) 
Madeira  .... 
Claret  (Haut  Brion) 
Chambertin  .       -       -  - 
Sherry  (low  quality) 
Sherry  (brown)  ... 
Amontillado  ... 
Mansanilla  .       -       .  - 

M.  I'Abbe  Brossard-Vidal,  of  Toulon*,  has  proposed  to  estimate  the  strength  of 
alcoholic  liquors  by  determining  their  boiling  point.  Since  water  boils  at  100°  C. 
(212°  F. ),  and  absolute  alcohol  at  78-4°  (173°  F.),  it  is  evident  that  a  mixture  of  water 
and  alcohol  will  have  a  higher  boiling  point  the  larger  the  quantity  of  water  present 
in  it.  This  method  is  even  applicable  to  mixtures  containing  other  bodies  in  solution 
besides  spirit  and  water,  since  it  has  been  shown  that  sugar  and  salts,  when  present 
(in  moderate  quantities),  have  only  a  very  trifling  effect  In  raising  the'  boiling  point ; 
and  the  process  has  the  great  advantage  of  facility  and  rapidity  of  execution  though 
of  course  not  comparable  to  the  method  by  distillation,  for  accuracy.  ' 

Mr.  Field's  patent  (1847)  alcoholometer  is  likewise  founded  upon  the  same  prin- 
ciple.   The  instrument  was  subsequently  improved  by  Dr.  Ure. 

The  apparatus  consists  simply  of  a  spirit-lamp  placed  under  a  little  boiler  containins 
the  alcoholic  liquor,  into  which  fits  a  thermometer  of  very  fine  bore. 

When  the  liquor  is  stronger  than  proof  spirit,  the  variation  in  the  boiling  point  is 
so  small  that  an  accurate  result  cannot  possibly  be  obtained;  and,  in  fact  snirit 
approaching  this  strength  should  be  diluted  with  an  equal  volume  of  water  'before 
submitting  it  to  ebullition,  and  then  the  result  doubled. 

Another  source  of  error  is  the  elevation  of  the  boiling  point,  when  the  liquor  is 
kept  heated  for  any  length  of  time  ;  it  is,  however,  nearly  obviated  by  the  addition  of 
common  salt  to  the  solution  in  the  boiler  of  the  apparatus,  in  the  proportion  of  35  or 
40  grains  In  order  to  correct  the  difference  arising  from  higher  or  lower  pressure 
of  the  atmosphere,  the  scale  on  which  the  thermometric  and  other  divisions  arp 
marked  is  made  movable  up  and  down  the  thermometer  tube ;  and  everv  timp 
before  commencing  a  set  of  experiments,  a  preliminary  experiment  is  made  of  boilW 
some  pure  distil  ed  water  in  the  apparatus,  and  the  zero  point  on  the  scale  (wS 
indicates  the  boiling  point  of  water)  is  adjusted  at  the  level  of  the  surface  of  £ 
mercury.  On  p.  54  will  be  found  a  Table  showing  the  boilinff  noint  of  t i  ^ 
different  specific  gravities.  "ui"ng  point  ol  alcohol  of 

But  even  when  performed  with  the  utmost  care,  this  process  is  stiU  Uable  to  very 
•  Coraptes  Rendus,  xxvil.  374. 
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known  that,^between  zero  and  100°  C.  (212°  R),  the  dilatation  of  alcohol  is  triple  7hat 

(77°  F.)  and 
expansion  between 


of  water,  and  this  difiference  of  expansion  is  even  greater  between  25°  C  (77°  F  )  and 
19  50°  C.  (122°  F.)  ;  it  is  evident,  therefore,  that  the  expansion  between 
these  two  temperatures  becomes  a  measure  of  the  amount  of  alcohol 
present  in  any  mixture.  The  presence  of  salts  and  organic  substances, 
such  as  sugar,  colouring,  and  extractive  matters,  in  solution  or  sus- 
pension in  the  hquid,  is  said  not  materially  to  affect  the  accuracy 
of  the  result ;  and  M.  Silbermann  has  devised  an  apparatus  for  apply- 
ing this  principle,  in  a  ready  and  expeditious  manner,  to  the  estimation 
of  the  strength  of  alcoholic  liquors.  The  instrument  may  be  obtained 
of  the  philosophical  instrument  makers  of  London  and  of  Liverpool. 

It  consists  of  a  brass  plate,  on  which  are  fixed— 1st.  An  ordinary 
mercurial  thermometer  graduated  from  22°  to  50°  C.  (77°  to  122°  F.), 
these  being  the  working  temperatures  of  the  dilatatometer ;  and  2ndly| 
the  dilatatometer  itself,  which  consists  of  a  glass  pipette,  open  at 
both  ends,  and  of  the  shape  shown  in  the  figure.  A  valve  of  cork 
or  india-rubber  closes  the  tapering  end  a,  which  valve  is  attached  to 
a  rod,  b  b,  fastened  to  the  supporting  plate,  and  connected  with  a 
spring,  n,  by  which  the  lower  orifice  of  the  pipette  can  be  opened  or 
closed  at  will.  The  pipette  is  filled,  exactly  up  to  the  zero  point, 
with  the  mixture  to  be  examined— this  being  accomplished  by  the 
aid  of  a  piston  working  tightly  in  the  long  and  wide  limb  of  the 
pipette;  the  action  of  which  serves  also  another  valuable  purpose — viz., 
that_  of  drawing  any  bubbles  of  air  out  of  the  liquid.  By  now  ob- 
serving the  dilatation  of  the  column  of  liquid  when  the  temperature 
of  the  whole  apparatus  is  raised,  by  immersion  in  a  water-bath,  from 
25°  to  50°,  the  co -efficient  of  expansion  of  the  liquid  is  obtained,  and 
hence  the  proportion  of  alcohol — the  instrument  being,  in  fact,  so 
graduated,  by  experiments  previously  made  upon  mixtures  of  known 
composition,  as  to  give  at  once  the  per-centage  of  alcohol. 

Another  alcoholometer,  which,  like  the  former,  is  more  remarkable 
for  the  great  facility  and  expedition  with  which  approximative  results 
can  be  obtained  than  for  a  high  degree  of  accuracy,  was  invented  by 
M.  Geisler,  of  Bonn,  and  depends  upon  the  measurement  of  the  tension  of  the  vapour 
of  the  liquid,  as  indicated  by  the  height  to  which  it  raises  a  column  of  mercury. 
Geisler's  Alcoholometer.  —  It  consists  of  a  closed  vessel  in  which  the  alcoholic  mix- 
ture is  raised  to  the  boiling  point,  and  the  tension  of  the  vapour  observed 
by  the  depression  of  a  column  of  nlercury  in  one  limb  of  a  tube,  the  indica- 
tion being  rendered  more  manifest  by  the  elevation  of  the  other  end  of  the 
column. 

The  wine  or  other  liquor  of  which  it  is  desired  to  ascertain  the  strength, 
is  put  into  the  little  flask,  f,  which,  when  completely  filled,  is  screwed  on 
to  the  glass  which  contains  mercury,  and  is  closed  by  a  stopcock  at  s. 
The  entire  apparatus,  which  at  present  is  an  inverted  position,  is  now  stood 
erect,  the  flask  and  lower  extremity  of  the  tube  being  immersed  in  a  water- 
bath.  The  vinous  liquid  is  thus  heated  to  the  boiling  point,  and  its  vapour 
forces  the  mercury  up  into  the  long  limb  of  the  tube.  The  instrument  having 
been  graduated,  once  for  all,  by  actual  experiment,  the  per-centage  of 
alcohol  is  read  ofi'  at  once  on  the  stem  by  the  height  to  which  the  mercurial 
column  rises. 

To  show  how  nearly  the  results  obtained  by  this  instrument  agree  with 
those  obtained  by  the  distillation  process,  comparative  experiments  were 
made  on  the  same  wines  by  Dr.  Bence  Jones,  f 

*  On'"t^'c\"fdily,^'s*weetnes^  and  Strength  of  dilTerenl  Wines,  by  H.  Bonce  Jones,  M.D.,  F.R.S., 
Proceedings  of  the  Royal  Institution,  February,  1854. 
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Port,  1834  - 
Sherry,  Montilla 
Madeira 

Hant  Brion  claret 
Chambertin 
Low-quality  sherry 
Brown  sherry 
Amontillado 
Mansanilla 
Port,  best  - 
Marcobrunner  - 
Home  ale  - 
Export  ale 
Strong  ale  - 


By  Distillation  (Mr.  Witt) 
per  cent,  by  measure. 

22-46 


19-95 


22-  40 

10-  0 

11-  7 
20-7 

23-  1 
20-5 
14-4 
20-2 

8-3 
6-4 
6-4 
2-0 


By  Alcoholometer 
per  cent,  by  measure. 
r23-2 
1_23  5 
r20'7 
i  20-G 
t20-6 
f  23-5 
123-2 

till 

ri3-2 

t  13-0 
21-1 

20-  9 
23-0 
23-3 

21-  0 
21-0 
15-4 
15-4 
21-1 
21-0 

9-7 
9-5 
7-0 
7-1 
7-0 
6-9 
J  10-7  . 
10-8 


Tabarie's  Method. — There  is  another  method  of  determining  the  alcoholic  contents 
of  mixtures,  which  especially  recommends  itself  on  account  of  its  simplicity.  The 
specific  gravity  of  the  liquor  is  first  determined,  half  its  volume  is  next  evaporated  in 
the  open  air,  sufficient  water  is  then  added  to  the  remainder  to  restore  its  original 
volume,  and  the  specific  gravity  again  ascertained.  By  deducting  the  specific  gravity 
before  the  expulsion  of  the  alcohol  from  that  obtained  afterwards,  the  difference  gives 
a  specific  gravity  indicating  the  per-centage  of  alcohol,  which  may  be  found  by 
referring  to  Gay-Lussac's  or  one  of  the  other  Tables.  Tabarie  has  constructed  a  pecu- 
liar instrument  for  determining  these  specific  gravities,  which  he  calls  an  oenometer ; 
but  they  may  be  performed  either  by  a  specific-gravity  bottle  or  by  a  hydrometer  in 
the  usual  way. 

Of  course  this  method  cannot  be  absolutely  accurate  ;  nevertheless.  Prof  Mulder's 
experience  with  it  has  led  him  to  prefer  it  to  any  of  the  methods  before  described, 
especially  where  a  large  number  of  samples  have  to  be  examined.  He  states  that  the 
results  are  almost  as  accurate  as  those  obtained  by  distillation.  The  evaporation  of 
the  solution  may  be  accelerated  by  conducting  hot  steam  through  it. 

Adulterations.—  Absolute  alcohol  should  be  entirely  free  from  water.  This  may  be 
recognised  by  digesting  the  spirit  with  pure  anhydrous  sulphate  of  copper.  If  the 
spirit  contain  any  water,  the  white  salt  becomes  tinged  blue,  from  the  formation  of 
the  blue  hydrated  sulphate  of  copper. 

Rectified  spirit,  proof  spirit,  and  the  other  mixtures  of  pure  alcohol  and  water 
should  be  colourless,  free  from  odour  and  taste.  K  containing  methylic  or  amylic 
alcohols,  they  are  immediately  recognised  by  one  or  other  of  these  simple  tests. 

Dr.  Ure  states  that  if  wood  spirit  be  contained  in  alcohol,  it  may  be  detected  to  the 
greatest  minuteness  by  the  test  of  caustic  potash,  a  little  of  which,  in  powder  causing 
wood  spirit  to  become  speedily  yellow  and  brown,  while  it  gives  no  tint  to  alcohol 
Thus  1  per  cent,  of  wood  spirit  may  be  discovered  in  any  sample  of  spirits  of  wine 

The  admixture  with  a  larger  proportion  than  the  due  amount  of  water  is  of  course 
determined  by  estimating  the  per-centage  of  absolute  alcohol  by  one  or  other  of  tho 
several  methods  just  described  in  detail. 

The  adulterations  and  sophistications  to  which  the  various  spirits  known  as  rum 
brandy,  whisky,  gin,  &c.,  are  subjected,  will  be  best  described  under  these  resnective 
heads,  since  these  liquors  are  themselves  mixtures  of  alcohol  and  water  with  suffar 
colouring  matters,  flavouring  ethers,  &c.  ""gar, 

Uses.  —The  great  use  of  alcohol,  in  its  various  states  of  mixture  is  and  has  hppn 
from  time  immemorial,  as  a  beverage.    There  cannot  be  a  doubt  that  alcoholic  liquors 
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n^vif  ?if^-  *°  J?"^'  ^'^'^Ithy  persons,  when  moderately  enjoyed  ;  and  the  man  who 
advocates  their  rational  use  cannot  be  held  answerable  for  their  abuse 

Absolute  alcohol  (or  strong  spirits)  acts  locally  as  an  irritant,  'contracting  the 
tissues  ;  but  its  effects  on  the  organism,  when  taken  internally,  arises  from  its  action 
their  effec'ir-—"'^  ^^''^""^       graphically  described  three  stages  of 

1.  First  or  mildest  degree      -  Excitement. 

2.  Second  degree  -       -       -    Intoxication,  or  drunkenness. 

3.  Third  degree    -      -      -    Coma,  or  true  apoplexy. 

These  effects  are  tolerably  familiar,  and  for  a  more  minute  description  of  them  we 
must  refer  to  Dr.  Pereira*  and  other  medical  authors. 

The  important  applications  of  alcohol  in  the  arts,  as  a  solvent  for  resins,  &c  have 
been  before  alluded  to.  To  the  chemist  it  is  a  most  valuable  agent  of  separation.  By 
Its  means  he  is  enabled,  in  complicated  organic  mixtures,  to  separate  those  substances 
which  are  soluble  from  those  which  are  insoluble  in  this  menstruum.  It  may  like- 
wise be  employed  for  separating  certam  salts— e.j.  the  chloride  of  strontium  from  that 
of  barium,  &c.  &c. 

From  it  are  also  manufactured  ether,  chloroform,  and,  indirectly,  acetic  acid  ;  and 
in  pharmacy,  sweet  spirits  of  nitre,  the  various  tinctures,  &c.  &c. 


Real  Value  of  the  Spirituous  Liquors  imported,  exported,  and  retained  for  Borne 
Consumption  during  each  of  the  Years  1854,  1855,  and  1856. 


1854. 

1855. 

1856. 

Imported. 

Spirits :  — 

Rum       -          -          _          .  . 
Brandy    -          -          -          -  - 
Geneva    -         -          -         .  - 
Other  foreign  and  colonial  spirits  - 

Wine         .         -          .          .  . 

Total     •  - 

£ 

1,490,661 
1,225,332 
26,089 
48,965 
3,616,369 

£ 

1,188,142 
933,980 
31,031 
35,570 
3,072,747 

£ 

882,503 
1,279,399 
28,572 
60,363 
3,728,540 

6,407,416 

5,261,470 

5,979,377 

Exported. 

Spirits  :  — 

Rum       -          -          .          .  . 

Brandy    -  - 

Geneva    .          -         -          -  - 
Wine          .          _          .          .  . 

Total 

503,270 
459,354 
18,695 
700,298 

429,803 
436,245 
24,993 
656,807 

463,691 
775,950 
22,741 
954,837 

1,681,617 

1,547,848 

2,217,219 

Retained  fob  Home  Consumption. 
Spirits :  — 

Rum       .          .          .          -  - 
Brandy    -         -         -          -  - 
Geneva    -         -         -          "  " 
Other  spirits       .          .         -  - 
Wine         .          .         -         -  - 

Total 

987,391 
765,978 
7,394 
48,965 
2,916,071 

758,339 
497,753 
6,038 
35,570 
2,415,940 

418,812 
493,449 
5,831 
60,363 
2,773,703 

4,725,899 

3,713,840 

3,752,158 

•  Pcrclr.i,  M.itcria  Mrdlca,  vol  ii.  p.  1948. 
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1856. 

Gallons. 
7,169,103 
2,510,807 
195,925 
120,264 
9,474,694 

1,539,075 
155,941 
2,372,581 

3,123,396 
1,533,513 
27,226 
7,C03,676 

1855. 

GaUons. 
8,714,337 

1  Qjo  qnu 

219,041 
96,747 
8,946,766 

3,209,004 
910,423 
170,118 

1,883,7.57 

3.223..")75 
1,525.578 
25,181 
6,296.439 

1854. 

Gallons. 

8,626,907 
o  Qco  no', 

184,137 
175,725 
10.875,855 

3,103,333 
1,113,686 
131,965 
2,101,060 

3.226  594 
1,862,189 
25,690 
6,776,086 

1853. 

Gallons. 
4,206,248 
ft  005  91 1 
288,520 
146,420 
11.029,508 

2,022,780 
2,378,770 
211,772 
2,457,545 

3,232,467 
1,860,343 
27,9,58 
6,813,830 

1852. 

Gallons. 
5,490,224 
3,959,452 
185,356 
34,673 
6,793,304 

2,199,997 
1,225,074 
119,150 
1,802.017 

2,899,684 
1,924,395 
26,231 
6,340,061 

1851. 

GaUons. 
4,745,244 
9  9.^0  967 
158,679' 
140,092 
9,008,151 

1,310,737 
938,280 
111,023 

1,681,402 

2,880,425 
1,859,273 
26,397 
6,279,759 

1850. 

Gallons. 
4,194,683 

337,015 
383,610 
9,304,312 

1,187,085 
877,606 
280,610 

1,745,718 

2,902,064 
1,860,809 
28,237 
6,437,222 

1849. 

Gallons. 
8,306,827 

A  1'7Q  ^AQ 

471,232 

252,208 
7,970,067 

1,618,185 
1,136,027 
385,281 
1,691,767 

3,039,862 
2,187,368 
26,917 
6,251,962 

1848. 

GaUons. 
6,853,981 
2,429  089 

365,727 
99,169 
7,636,530 

1,263,290 
846,405 
320,866 

1,515,120 

2,986,979 
1,609,004 
23,739 
6,136,547 

1847. 

GaUons. 
6,642,907 
2,728,471 

382,271 
91,897 
7,938,067 

974,614 
978,860 
345,.581 
1,497,794 

3,328,985 
1,537,238 
28,800 
6,053,847 

1846. 

Gallons. 
3,855,404 

413,057 
118,137 
7,711,309 

796,904 
639,734 
303,803 
1,548,227 

2,683,701 
1,514,465 
39,883 
6,740,316 

1845. 

GaUons. 
4,808,798 

1  ORR  910 

408,907 
802,289 
8,496,776 

778,954 
1,061,639 

348,692 
1,612,.519 

2,469,135 
1,058,274 
15,604 
6,736,131 

1844. 

GaUons. 
3,120,010 
1 .509  098 
380,883 
701,370 
8,684,586 

741,211 
686,413 
335,125 
1,612,788 

2,198,592 
1,023,073 
14,864 
6,838,684 

•* 

00 

GaUons. 
3,729,764 
2,408,378 

362,689 
72,634 
6,807,055 

1,079,250 
707,460 
317,706 

1,353,157 

2,103,715 
1,038,347 
13,913 
6,068,987 

1842. 

GaUons.f 
4,619,804 
1  674,436 
323,744 
232,113 
'7,216,113 

723,423 
702,638 
316,180 
1,511,132 

2,097,747 
1,082,919 
14,579 
4,815,222 

Imported. 
Spirits : 
Rum  -      .      .  - 

Brandy  ... 

Geneva     -      -  . 

Other  foreign  and  co-  ? 

lonial  spirits-  -J 
Wine  -      -      -      .  1 

Exported. 
Spirits : 

Rum  -      -      -  . 

Brandy     -  - 

Geneva  ... 

Wine  .... 

Retained  fob  Home 
Consumption. 
Spirits : 
Rum  .... 

Brandy     .      .  - 

Geneva     .      -  - 

Wine  .... 

o 


ALDEHYDE. 

numbers  show,  in  a  striking  manner,  tlie  spirit-trading  and  spirit-drinkin,? 
endencies  of  the  people  of  these  realms,  spirituous  liquors  beinf  import'^d  n   856 "o 

-^^'"^  2,217,219/.  .  orth  were  again  exported  •  but  th^ 
17.9  T^a/  •  Great  Britam  themselves  spent  in  that  year  no  less  a  sum  than 
o,/t)^,i58(.  in  alcoholic  liquors,  exclusive  of  beer,  -which  is  the  staple  beveraffe  of  a 
very  large  portion  of  the  community  ;  and  the  revenue  derived  by  the  Govern- 
ment from  home-made  spirits  alone  amounted  to  no  less  a  sum  (in  1853)  than 

The  following  are  the  quantities  of  spirits  charged  with  duties  of  excise  in  each  of 
the  following  years  :  — 

OMons.  Gallons. 

1850  -       -  23,919,432 


1851  -  -  24,030,933 

1852  -  -  25,270,262 

1853  -  -  25,423,444 

1854  -  -  26,148,511 

1855  -  -  22,186,077 

1856  -  -  23,922,453 


1842  -  -  18,841,890 

1843  -  -  18,864,332 

1844  -  -  20,008,525 

1845  -  -  23,122,588 

1846  -  -  24,100,697 

1847  -  -  20,639,797 

1848  -  -  22,234,379 

1849  -  -  23,010,808 

Every  English  distiller  has  now  to  pay  a  licence  duty  of  ten  guineas  before  he  can 
lawfully  conduct  operations,  and  afterwards  a  duty  of  seven  shillings  and  tenpence 
per  imperial  gallon  of  spirits,  proof  strength,  which  he  produces. 

The  Scotch  and  Irish  distillers  had  to  pay  the  same  licence-fee  as  the  English; 
and  in  addition  to  this,  the  Scotch  distiller  paid  a  duty  of  four  shillings  and  eight- 
pence  per  imperial  gallon  of  proof  strength,  and  the  Irish  a  duty  of  three  shillings 
and  fourpence ;  but  the  duties  are  now  equalised. 

ALDEHYDE.  By  this  word  is  understood  the  fluid  obtained  from  alcohol  by  the 
removal  of  two  equivalents  of  hydrogen.  Thus,  alcohol  being  represented  by  the 
formula  C*  W      aldehyde  becomes  0-. 

Preparation.  —  Aldehyde  is  prepared  by  various  processes  of  oxidation.  Liebig 
has  published  several  methods,  of  which  the  following  is  perhaps  the  best. 
Three  parts  of  peroxide  of  manganese,  three  of  sulphuric  acid,  two  of  water, 
and  two  of  alcohol  of  80  per  cent,  are  well  mixed  and  carefully  distilled  in 
a  spacious  retort.  The  extreme  volatility  of  aldehyde  renders  good  condensation 
absolutely  necessary.  The  contents  of  the  retort  are  to  be  distilled  over  a  gentle  and 
manageable  fire  until  frothing  commences,  or  the  distillate  becomes  acid.  This 
generally  takes  place  when  about  one-third  has  passed  over.  The  fluid  in  the 
receiver  is  to  have  about  its  own  weight  of  chloride  of  calcium  added,  and,  after  slight 
digestion,  is  to  be  carefully  distilled  on  the  water-bath.  The  distillate  is  again  to  be 
treated  in  the  same  way.  By  these  processes  a  fluid  will  be  obtained  entirely  free 
from  water,  but  containing  several  impurities.  To  obtain  the  aldehyde  in  a  state  of 
purity  it  is,  necessary,  in  the  first  place,  to  obtain  aldehyde-ammonia ;  this  may  be 
accomplished  in  the  the  following  manner  :  —  The  last  distillate  is  to  be  mixed  in  a 
flask  with  twice  its  volume  of  ether,  and,  the  flask  being  placed  in  a  vessel  surrounded 
by  a  freezing  mixture,  dry  ammoniacal  gas  is  passed  in  until  the  fluid  is  saturated. 
In  a  short  time  crystals  of  the  compound  sought  separate  in  considerable  quantity. 
The  aldehyde-ammonia,  being  collected  on  a  filter,  or  in  the  neck  of  a  funnel,  is  to 
be  washed  with  ether,  and  dried  by  pressure  between  folds  of  filtering  paper,  followed 
by  exposure  to  the  air.  It  now  becomes  necessary  to  obtain  the  pure  aldehyde 
from  the  compound  with  ammonia.  For  this  purpose  two  parts  are  to  be 
dissolved  in  an  equal  quantity  of  water,  and  three  parts  of  sulphuric  acid,  mixed  with 
four  of  water,  are  to  be  added.  The  whole  is  to  be  distilled  on  the  water-bath,  the 
temperature,  at  first,  being  very  low,  and  the  operation  being  stopped  as  soon  as  the 
water  boils.  The  distillate  is  to  be  placed  in  a  retort  connected  with  a  good  condens- 
ing apparatus,  and,  as  soon  as  all  the  joints  are  known  to  be  tight,  chloride  of  calcium, 
in  fragments,  is  to  be  added.  The  heat  arising  from  the  hydration  of  the  chloride 
causes  the  distillation  to  commence,  but  it  is  carried  on  by  a  water-bath.  The  dis- 
tillate, after  one  more  rectification  over  chloride  of  calcium,  at  a  temperature  not 
exceeding  80°  F.,  will  consist  of  pure  aldehyde.  Aktehyde  is  a  colourless,  very 
volatile,  and  mobile  fluid,  having  the  density  0-800  at  32°.  It  boils,  under  ordinary 
atmospheric  pressure,  at  70°  F.  Its  vapour  density  is  1'532.  Its  formula  corre- 
sponds to  four  volumes  of  vapour;  we  consequently  obtain  the  theoretical  vapour 
density  by  multiplying  its  atomic  weight  =  44  by  half  the  density  of  hy.drogen,  or 
•0316.  The  number  thus  found  is  1'5224,  corresponding  as  nearly  as  could  be 
desired  to  the  experimental  result.  . 

Aldehyde  is  produced  in  a  great  number  of  processes,  particularly  during  the  de- 
structive distillation  of  various  organic  matters,  and  in  processes  of  oxidation,    b  rom 
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alcohol  aldehyde  may  be  procured  by  oxidation  with  platinum  black,  nitric  acid, 
chromic  acid,  chlorine  (In  presence  of  water),  or,  as  we  have  seen,  a  mixture  of 
peroxide  of  manganese  and  sulphuric  acid.  Certain  oils,  by  destructive  distillation, 
yield  it.  Wood  vinegar  in  the  crude  state  contains  aldehyde  as  well  as  wood  spirit. 
Lactic  acid,  when  in  a  combination  with  weak  bases,  yields  it  on  destructive  distilla- 
tion. Various  animal  and  vegetable  products  afford  aldehyde  by  distillation  with 
oxydising  agents,  such  as  sulphuric  acid  and  peroxide  of  manganese,  or  bichromate 
of  jiotash. 

The  word  aldehyde,  like  that  of  alcohol,  is  gradually  becoming  used  in  a  much  more 
extended  sense  than  it  was  formerly.  By  the  term  is  now  understood  any  organic 
substance  which,  by  assimilating  two  equivalents  of  hydrogen,  yields  a  substance 
having  the  properties  of  an  alcohol,  or,  by  taking  up  two  equivalents  of  oxygen, 
yields  an  acid.  It  is  this  latter  property  which  has  induced  certain  chemists  to  say 
that  there  is  the  same  relation  between  an  aldehyde  and  its  acid  as  between  inorganic 
acids  ending  in  ous  and  ic.  Several  very  interesting  and  important  substances  are 
now  known  to  belong  to  the  class  of  aldehydes.  The  essential  oils  arc,  in  several 
instances,  composed  principally  of  bodies  having  the  properties  of  aldehydes.  Among 
the  most  prominent  may  be  mentioned  the  oils  of  bitter  almonds,  cumin,  cinnamon, 
rue,  &c.  An  exceedingly  important  character  of  the  adelhydes  is  their  strong  ten- 
dency to  combine  with  the  bisulphites  of  ammonia,  potash,  and  soda.  By  availing 
ourselves  of  this  property,  it  becomes  easy  to  separate  bodies  of  this  class  from  com- 
plex mixtures,  and,  consequently,  enable  a  proximate  analysis  to  be  made.  Now 
that  the  character  of  the  aldehydes  is  becoming  better  understood,  the  chances  of 
artficially  producing  the  essential  oils  above  alluded  to  in  the  commercial  scale 
become  greatly  increased.  Several  have  already  been  formed,  and,  although  in  very 
small  quantities,  the  success  has  been  sufficient  to  warrant  sanguine  hopes  of  suc- 
cess. A  substitute  for  one  of  them  has  been  for  some  years  known  under  the  very 
incorrect  name  of  artificial  oil  of  bitter  almonds.    See  Nitrobenzolb.  —  C.  G.  W 

ALANINE.  (C^K'NO-".)  A  peculiar  substance,  produced  when  aldehyde- 
ammonia  is  acted  on  by  hydrocyanic  and  hydrochloric  acids.  It  is  a  highly 
remarkable  body,  not  merely  from  its  mode  of  production  and  the  singular  decompo- 
sitions of  which  it  is  susceptible,  but  also  from  the  fact  of  its  possessing  acid,  basic, 
and  neutral  characters.    It  is  homologous  with  glycocine  and  leucine. — C.  G.  W. 

ALDER.  (Atme,  Fr. ;  Erie,  Germ. ;  Alnus  glutinosa,  Lin.)  A  tree,  different  species 
of  which  are  indigenous  to  Europe,  Asia,  and  America.  The  common  alder  seldom 
grows  to  a  height  of  more  than  40  feet.  The  wood  is  stated  to  be  very  durable 
imder  water.  The  piles  at  Venice,  and  those  of  Old  London  bridge,  are  stated  to 
have  been  of  alder ;  and  it  is  much  used  for  pipes,  pumps,  and  sluices.  The  charcoal 
of  this  wood  is  used  for  gunpowder. 

ALE.  The  fermented  infusion  of  pale  malted  barley,  combined  with  infusion  of 
hops.    See  Beer. 

ALEMBIC,  a  still  (which  see).  The  terra  is,  however, 
applied  to  a  still  of  peculiar  construction,  in  which  the 
head,  or  capital,  is  a  separate  piece,  fitted  and  ground  to 
the  neck  of  the  boiler,  or  cucurbit,  or  otherwise  care- 
fully united  with  a  lute.  The  alembic  has  this  advan- 
tage over  the  common  retort,  that  the  residue  of  distilla- 
tion may  be  easily  cleared  out  of  the  body.  It  is  like- 
wise capable,  when  skilfully  managed,  of  distilling  a 
much  larger  quantity  of  liquor  in  a  given  time  than  a 
retort  of  equal  capacity.  In  France  the  term  alem- 
bic, or  rather  alambic,  is  used  to  designate  a  elass 
still.  °  *^ 

ALEMBROTH,  SALT  OF.  The  salt  of  wisdom  of 
the  alchemists  ;  a  compound  of  bichloride  of  mercury  and  1 
sal  ammoniac.  If  two  atoms  of  bichloride  of  inercury  are 
mixed  with  one  atom  of  sal  amoniac  and  eight  atoms  of  water,  at  140°  this  mixture 
IS  fluid,  but  the  salt  of  alembroth  {sal  alembroth)  crystallises  on  cooling.  It  i= 
composed  of  chloride  of  mercury  and  chloride  of  ammonium  CNH^  C  L  W  V  T  RoC 

ALGAROTH,  POWDER  OF.  Powder  of  Alyarotti,-EngUsh  Powder.  This  saU 
was  discovered  by  Algarotti,  a  physician  of  Verona.  Chloride  of  antimony  is  formed 
by  boiling  black  sulphide  of  antimony  with  hydrochloric  ac  id  :  on  pouring  fhe  solution 
mto  water  a  white  flocky  precipitate  falls,  which  is  an  oxichloride  of  antimony  If  he 
water  be  hot,  the  precipitate  is  distinctly  crystalline;  this  is  the  powder  of  algaroth 

^LG  ARO  Vn  rr'^  •  ^  ""I'r^T^  T  ''''  preparation  of  tartar  emeS! 

ALGAROVILLA.  This  substance  is  called  by  the  S  paniards  Alqaroba  from  the 
resemblance  it  bears  to  the  fruit  of  the  Carob  {Ceralonil  siliqua),  wS  is  a  native 


66  ALG^. 

V 

of  Europe,  in  the  southern  countries  of  Spain  and  Portugal.  It  is  the  fruit  of  a 
tree  which  grows  in  Chili,  of  which  the  botanical  name  is  Prosopis  pallida 
according  to  Captain  Bagnald,  R.N.,  who  first  brought  a  sample  of  it  to  this  country 
in  the  year  1832.  It  consists  of  pods  bruised  and  agglutinated  more  or  less  with  the 
extractive  exudation  of  the  seeds  and  husks.  According  to  a  more  recent  determi- 
nation, algarovilla  is  said  to  be  the  product  of  the  tree  Juga  Martha  of  Santa  Martha 
a  province  of  New  Carthagena.  ' 

It  is  an  astringent  substance  replete  with  tannin,  capable,  by  its  infusion  in  water 
of  tanning  leather,  for  which  purpose  it  possesses  more  than  four  times  the  power  of 
good  oak  bark.  Its  active  matter  is  very  soluble  in  water  at  a  boiling  temperature. 
The  seeds  are  merely  nutritive  and  demulcent,  but  contain  no  astringent  property. 
This  resides  in  the  husks.  The  seeds  in  the  entire  pod  constitute  about  one-fifth  of 
the  weight,  and  they  are  three  or  four  in  number  in  each  oblong  pod.  Alcohol  of 
60  per  cent,  over  proof  dissolves  64  parts  in  100  of  this  substance.  The  solution 
consists  chiefly  of  tannin,  with  a  very  little  resinous  matter.  Water  dissolves  some- 
what more  of  it,  and  affords  a  very  styptic-tasted  solution,  which  precipitates  solution 
of  isinglass  very  copiously,  like  infusion  of  galls  and  catechu.  Its  solution  forms 
with  sulphate  of  iron  a  black  precipitate  which  is  kept  floating  by  means  of  the  gum 
present,  and  thereby  constitutes  good  ink.  Notwithstanding  the  recommendation  of 
Dr.  Ure,  this  substance  does  not  appear  to  have,  as  yet,  become  an  article  of  commerce. 

ALGjE.  (  Varech,  Fr. ;  Seegras,  or  Alge,  Germ.)  A  tribe  of  subaqueous  plants,  in- 
cluding the  seaweeds  (fitcus)  and  the  lavers  {ulva)  growing  in  salt  water,  and  the  fresh- 
water confervas.  We  have  only  to  deal  with  those  seaweeds  which  are  of  any 
commercial  value.  These  belong  to  the  great  division  of  the  jointless  algcB,  of  which 
160  species  are  known  as  natives  of  the  British  Isles.  In  the  manufacture  of  Kelp 
( See  Kelp),  all  the  varieties  of  this  division  may  be  used.  The  edible  sorts,  such  as  the 
birds'  nests  of  the  Eastern  Archipelago,  those  which  we  consume  in  this  country,  as 
lavers,  carrageen,  or  Irish  moss,  &c.,  belong  to  the  same  group,  as  do  also  those  which 
the  agriculturalists  employ  for  manure. 

Dr.  Pereira  gives  the  following  list  of  esculent  seaweeds. 


Rhodomenia  palmata  (or  Dulse). 
Hhodomenia  ciliata. 
Laminaria  saccharina. 


Iridaa  edulis. 
Alaria  esculenta 
Ulva  latissima. 


Bhodnmenia  palmata  passes  under  a  variety  of  names,  dulse,  dylish,  or  dellish,  and 
amongst  the  Highlanders  it  is  called  dulling,  or  waterleaf.  It  is  employed  as  food  by 
the  poor  of  many  nations ;  when  well  washed,  it  is  chewed  by  the  peasantry  of 
Ireland  without  being  dressed.  It  is  nutritious,  but  sudorific,  has  the  smell  of  violets, 
imparts  a  mucilaginous  feel  to  the  mouth,  leaving  a  slightly  acrid  taste.  In  Iceland 
the  dulse  is  thoroughly  washed  in  fresh  water  and  dried  in  the  air.  When  thus 
treated  it  becomes  covered  with  a  white  powdery  substance,  which  is  sweet  and 
palatable  ;  this  is  mannite  (see  Manna),  which  Dr.  Stenhouse  proposes  to  obtain 
from  seaweeds.  "  In  the  dried  state  it  is  used  in  Iceland  with  fish  and  butter,  or 
else,  by  the  higher  classes:  boiled  in  milk  with  the  addition  of  rye  flour.  It  is 
preserved  packed  in  close  casks,  a  fermented  liquor  is  produced  in  Kamschatka  from 
this  seaweed,  and  in  the  North  of  Europe  and  in  the  Grecian  Archipelago  cattle  are 
fed  upon  it." — Stenhouse. 

Laminaria  saccharina  yields  12-15  per  cent,  of  mannite,  whUe  the  Rhodomenia  pal- 
mata contains  not  more  than  2  or  3  per  cent. 

Iridcca  edulis.  —  The  fronds  of  this  weed  are  of  a  dull  purple  colour,  flat,  and  suc- 
culent. It  is  employed  as  food  by  fishermen,  either  raw  or  pinched  between  hot 
irons,  and  its  taste  is  then  said  to  resemble  roasted  oysters. 

Alaria  esculenta. — Mr.  Drummond  informs  us  that,  on  the  coast  of  Antrim,  "it  is 
often  gathered  for  eating,  but  the  part  used  is  the  leaflets,  and  not  the  midrib,  as  is 
commonly  stated.  These  have  a  very  pleasant  taste  and  flavour,  but  soon  cover  the 
mouth  with  a  tenacious  greenish  crust,  which  causes  a  sensation  somewhat  like  that 
of  the  fat  of  a  heart  or  kidney."  .  . 

Ulva  latissima  (Broad  green  laver).— This  is  rarely  used,  being  considered  mferior 
to  the  Porphyra  laciniata  (Laciniated  purple  laver).  This  alga  is  abundant  on  all  our 
shores.  It  is  pickled  with  salt,  and  sold  in  England  as  laver,  in  Ireland  as  slokc,  and 
in  Scotland  as  slaak.  The  London  shops  are  mostly  supplied  with  laver  from  the 
coasts  of  Devonshire.  When  stewed,  it  is  brought  to  the  table  and  eaten  with  pepper, 
butter  or  oil,  and  lemon -juice  or  vinegar.   Some  persons  stew  it  with  leeks  and  onions. 


and  "sea-girdles"  in  England.  The  flat  leathery  fronds  of  this  weed,  when  young,  are 
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employed  as  food.  Mr.  Simmonds  tells  us,  "  There  was  a  time  when  the  cry  of '  Buy 
dulse  and  tangle'  was  as  common  in  the  streets  of  Edinburgh  and  Glasgow,  as  is  that 
of 'water-cresses' now  in  our  metropolis."—S'ocie<y  o/^Ws' Jburnai. 

Laminaria potatorum. -The  large  sea  tangle  is  used  abundantly  by  the  inhabitants 
of  the  Straits  of  Magellan  and  by  the  Fuegians.  Under  the  name  of  "  Bull  Kelp  it 
is  used  as  food  in  New  Zealand  and  Van  Diemen's  Land.  It  is  stated  to  be  exceed- 
ingly nutritive  and  fattening. 

Chondrus  crispus  (chondrus,  from  x<5«'Spos,  cartilage).  — Carrageen,  Irish,  or  pearl 
moss.  For  purposes  of  diet  and  for  medicinal  uses,  this  alga  is  collected  on  the  west 
coast  of  Ireland,  washed,  bleached  by  exposure  to  the  sun,  and  dried.  It  is  not  un- 
frequently  used  in  Ireland  by  painters  and  plasterers  as  a  substitute  for  size.  It  has 
also  been  successfully  applied,  instead  of  isinglass,  in  making  of  blanc-rnange  and 
jellies ;  and  in  addition  to  its  use  in  medicine,  for  which  purpose  it  was  introduced 
by  Dr.  Todhunter,  of  Dublin,  about  1831,  a  thick  mucilage  of  carrageen,  scented 
with  some  prepared  spirit,  is  sold  as  bandoline,  fixature,  or  clysphitique,  and  it  is  em- 
ployed for  stiffening  silks.    According  to  Dr.  Davy,  carrageen  consists  of 

Gummy  matter  -  -  -  .  28'5 
Gelatinous  matter  -  -  -  49-0 
Insoluble  matter        .       -       -  22-5 


100-0 


The  following  results,  obtained  by  Dr.  Apjohn  and  Dr.  Davy,  show,  in  a  satisfac- 
tory manner,  the  value  of  the  alg£e.  The  amount  of  water  is  less  than  that  which 
belongs  to  the  algse  when  fresh  from  the  sea,  all  these  having  undergone  a  partial 
drying  in  the  progress  of  carriage  from  the  coast : — 


Specimens  supplied  by  Dr.  Davy,  and  dried  at  212°  ■ 

Chondrus  crispus,  bleached  -  -  - 
Fucus  vesiculosus  .  -  ,  . 
Rhodomenia  palmata  (Dylisk) 


Nitrogen  per  cent. 
2-152 

2-  397 

3-  776 


Kinds  of  Algae, 


Chondrus  crispus,  bleached,  from  Bewly 
and  Evans         -       .       .       -  . 
Chondrus  crispus,  unbleached,  Ballycastle 
Gigartina  mammillosa,  Ballycastle  - 
Chondrus  crispus,   bleached,  Bewly  and 
Evans  (2nd  experiment)     -       -  . 
Chondrus  crispus,  unbleached,  Ballycastle 
(2nd  experiment)        -       -       .  . 
Laminaria  digilata,  or  Dulse  tangle,  Bally- 
castle 

Laminaria  digitata,  or  Black  tangle,  Bally- 
castle 

Rhodomenia  palmata,  or  Dylisk,  Ballycastle 
Porphyra  laciniata,  Ballycastle 
Iridcea  edulis,  Ballycastle  ... 
Alaria  esculenta,  or  Murlins,  Ballycastle  - 

Means 


Water. 

Dry 
Matter. 

Per  Cent, 
of  Nitrogen 
in  Dry 
Matter. 

Protein 
contained 
in  Dry 
Matter. 

17-92 
21-47 
21-55 

82-08 
78-53 
78-45 

1-  534 

2-  142 
2-198 

9-587 
13-387 
13-737 

19-79 

80-21 

1-485 

9-281 

19-96 

80-04 

2-510 

15-687 

21-38 

78-62 

1-588 

9-925 

31-05 

16-  56 

17-  41 
19-61 
17-91 

68-95 
83-44 
82-59 
80-39 
82-09 

1-  396 

3-  465 

4-  650 
3-088 

2-  424 

8-725 
21-656 
29-062 
19-300 
15-150 

20-42 

79-58 

2-407 

15-045 

The  quantity  of  nitrogen  contained  in  these  plants  is  remarkably  large,  and  will 
of  course,  account  for  the  high  nutritive  value  ascribed  to  them 

Plocaria  candida.-CeylQn  moss  ;  edible  moss.    This  moss 'is  exported  from  tho 
islands  of  he  Indian  Archipelago,  forming  a  portion  of  the  cargoes  of  nearlv  an  ]hl 
junks.   It  IS  stated  by  Mr.  Crawford,  in  his  "ktory  of  the  Indfan  Areh^^^^^^^ 
on  the  spots  where  it  is  collected,  the  prices  seldom  exceed  from  5s  ld  tl  -.  r'^ 
cwt.    The  Chinese  use  it  in  the  form  of  a  jelly  with  suear  as  n  7wl  .  ^"l 
apply  it  in  the  arts  as  an  exceUent  paste.    T^e  gummy  Sr  which  tb  ''''' 
for  covering  lanterns,  varnishing  paper,  &c.,  is  ma^de  chieflTfomTws  moss  ' 
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nests,  which  are  esteemed  so  great  a  delicacy  by  the  Chinese     Th.  ^nt  V"^ 
the  rocks  of  Palo  Ticoos  and  on  the  shores  of  the  ne  ghhour?i>g  isknd     I  , 
in  the  sun  for  two  days,  or  until  it  is  quite  white.    It  is  obtS     .\  blanched 
m  the  neighbourhood  of  Macassar,  Celebes,  b^he  Eaio  ''""^ 
send  it  to  China.    It  is  also  collected  on  the  reefs  and  ronW  InV,'  -^'P^^^-  ^^o 

neighbourhood  of  Singapore.    Mr.  Montgomery  Sti^fni^^^^^ 
the  chief  staple  of  Sinfajore,  and  that  it  Suces^rchinaToL^^^^ 

12  000  peculs  annually,  the  pecul  bemg  equal  to  100  catties  of  1-333  lbs  ea"h 

wp!r  *      P "'^^P'       -'""^^      character,  is  the  ^^aZ-^^a/,  a  specLs  of  sea- 

weed. It  dissolves  into  a  glutinous  substance.  Its  principal  use  is  for  gummini  silks 
and  paper,  as  nothmg  equa  s  it  for  paste,  and  it  is  not  liable  to  be  eafeaTy  if  secS 
The  Chinese  make  a  beautiful  kind  of  lantern,  formed  of  netted  thread  washed  over 
with  this  gum,  and  which  is  extremely  light  and  transparent.    It  isTrought  by 

alg^  w'^cTCThufna'Sfa;^^^^^^^^^^^  ^''^  following 

.rn^^lr;?"'^  P^^'^^'  °°  ^ormosa,  whence  it  is 

procured.    It  is  used  for  making  yang-tsai  (ocean-vegetable). 

Zfai-i^;  (sea-tape)  Sent  into  the  interior,  wherever  fossil  coal  is  used.  It  is  con- 
sidered  corrective  of  the  deleterious  exhalations  of  that  fuel.  It  is  usually  boiled  with 
pork.     This  kind  comes  from  Shantung  province 

Tsz-tsai  (purple  yegetable).   Often  eaten  as  it  is,  to  give  a  relish  to  rice,  or  cooked. 

J'aA-i.az  (hair  vege  able).  Boiled,  either  with  animal  or  vegetable  articles,  forms 
a  broth.    Also  the  gills  eaten  with  sugar. 

Ki-tsai  (hen-foot  vegetable).  Cooked  with  soy  or  vinegar.  Used  by  women  to 
make  the  hair  glossy,  and  to  strengthen  it. 

^A^'T^f.P^'Jm  ™  "I','P^°-  preferred  to  the  former.  —  Society  of  Arts'  Journal 

ALIMENT.  (Ahmenlum,  from  alo,  to  feed.)  The  food  necessary  for  the  human 
body,  and  capable  of  maintaining  it  in  a  state  of  health. 

_  1.  Nitrogenous  substances  are  required  to  deposit,  from  the  blood,  the  organised 
tissue  and  solid  muscle  ; 

2.  And  carbonaceous,  non-nitrogenous  bodies,  to  aid  in  the  processes  of  respiration, 
and  in  the  supply  of  carbonaceous  elements,  as  fat,  &c.,  for  the  due  support  of  animal 
heat. 

For  information  on  these  substances,  consult  Liebig's  "  Animal  Chemistry,"  the 
investigations  of  Dr.  Lyon  Playfair,  and  Dr.  Robert  Dandas  Thompson's  "  Experi- 
mental Researches  on  Food,"  1846.    See  Food. 

ALIZARINE.    See  Maddeh. 

ALKALI.  A  term  derived  from  the  Arabians,  and  introduced  into  Europe  when 
tbe  Mahometan  conquerors  pushed  their  conquests  westward.  Al,  el,  or  ul,  as  an 
Arabic  noun,  denotes  "  God,  Heaven,  Divine."  As  an  Arabic  particle,  it  is  prefixed  to 
words  to  give  them  a  more  emphatic  signification,  much  the  same  as  our  particle  the; 
as  in  Alcoran,  the  Koran,  alchymist,  the  chemist. 

Kali  was  the  old  name  for  the  plant  producing  potash  (the  glasswort,  so  called 
from  its  use  in  the  manufacture  of  glass),  and  alkali  signified  no  more  than  the  kali 
plant.  Potash  and  soda  were  for  some  time  confounded  together,  and  were  hence 
called  alkalis.  Ammonia,  which  much  resembles  them  when  dissolved  in  water, 
was  also  called  an  alkali.  Ammonia  was  subsequently  distinguished  as  the  volatile 
alkali,  potash  and  soda  being  fixed  alkalis.  Ammonia  was  also  called  the  animal 
alkali.  Soda  was  the  mineral  alkali,  being  derived  from  rock-salt,  or  from  the  ocean ; 
and  potash  received  the  name  of  vegetable  alkali,  from  its  source  being  the  ashes  of 
plants  growing  upon  the  land.  Alkalis  are  characterised  by  being  very  soluble  in 
water,  by  neutralising  the  strongest  acid.s,  by  turning  brown  vegetable  yellows,  and 
to  green  the  vegetable  reds  and  blues. 

Some  chemists  classify  all  salifiable  bases  under  this  name. 

In  commercial  language,  the  term  is  applied  to  an  impure  soda,  the  imports  of  which 
were  — 
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Alk&li  and  Barilla. 

1853. 

1854. 

1855. 

1856. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Portugal  -       -       -       -  - 

2540 

Spain      -       -       -       -  - 

15,220 

5480 

1000 

3560 

Canary  Islands  -       .       -  - 

9240 

7840 

2520 

3480 

Greece     -       -       -       -  - 

0 1  C  A 

oibU 

Two  Sicilies     -       -       -  - 

7920 

2400 

10,640 

9320 

Egypt  

4800 

Peru        -       .       .       -  . 

2040 

1900 

4760 

Other  parts      .       .-       .  . 

20 

160 

500 

80 

Total  - 

36,980 

25,740 

14,660 

21,200 

Our  Exports  during  the  same  periods  being  as  follows  :- 


Alkali  and  Barilla. 


1853. 


1854. 


1855. 


1856. 


Russia — Northern  Ports 
„      Southern  Ports 
Sweden    .       .  - 
Denmark  -      -  - 
Prussia    .       .  - 
Hanover  -       .  - 
Hanse  Towns  - 
Holland  - 
Belgium  - 
France  - 

Spain  and  the  Canaries 
Sardinia  - 

Austrian  Territories  - 
Turkey  - 

Australia  -       -  - 
British  North  America 
United  States  - 
Brazil     -       .  . 
Chili 

Other  Countries 
Total 


Cwts. 
13,845 
7,079 
7,804 
39,366 
82,735 
13,989 
97,939 
112,370 
10,069 


Cwts. 
4,208 
200 
13,478 
40,329 
96,839 
9,715 
93,774 
112,023 
16,837 


Cwts. 


14,908 
52,721 

104,111 
18,871 
77,648 

114,068 
21,293 


28,957 

49,377 
12,271 
550,735 
12,281 

29,771 


0,921 
21,023 


4,090 


52,390 
14,344 
559,942 
20,153 
10,392 
33,747 


22,587 
13,010 
19,882 
16,102 
494,254 
23,805 
5,185 
42,469 


Cwts. 
82,667 

.14,924 
39,417 
85,364 
25,029 
83,385 

121,645 
39,650 
9,972 
11,042 
7,326 
27,124 
9,142 
37,790 
25,520 

723,089 
26,149 

39,666 


1,070,624 


1,100,315 


1,045,004 


1,405,901 


ALKALIS,  ORGANIC.  During  the  last  few  years  the  number  of  organic 
alkaloids  has  so  greatly  mcreased,  that  a  considerable  volume  might  be  devotfd  o 
their  history.  There  are,  however,  only  a  few  which  have  becomi  articles  of  com- 
merce.   The  modes  of  preparation  wiU  be  given  under  the  heads Tf  the  alkaHs 

r  Thpli2fl?"°."P"'  'T'r^  ai-e  the  following 

r  tJp  Ltinn  if  ^'S-'*^^'"  3.  Destructive  distilS 

4.  The  action  of  potash  on  the  cyanic  and  cyanuric  ethers.    5.  The  action  of 
ammonia  on  the  iodides  &c    of  the  alcohol  radicals.    6.  The  ac  ion  of  reducing 
agents  on  nitro-compounds    The  principal  bases  existing  in  the  anfma"  kingdom  L°f 
creatine  and  sarcosine.    The  vegetable  kingdom  is  much  richer  in  them  and  ^elds 
a  great  number  of  organic  alkalis,  of  which  several  are  of  extreme  value  i'n  medSe 
Modern  chemists  regard  all  organic  alkalis  as  derived  from  the  types  ammon  a  o," 
oxide  of  ammonium.    Their  study  has  led  to  TP<i»\to  nf  ih»  J^ZZ  /  or 
It  has  been  found  that  not  only  may^S  hyi^geri^  amLi^Lld  oxid  of^ 
be  replaced  by  metals  and  compound  Lief  s  witW  destrulbn^^^^^^ 
character,  but  even  the  nitrogen  may  be  replaced  bv  nho.nhnrnl  .  •  ^"'f 

the  resulting  compounds  remain  powerfully  basic     In  sZv?n^  th  ""l^ 
chemists  have  constantly  had  in  view  thrardfici  ilnrnHn^ 

bark.    It  is  true  that  this  resdt  has  not  as  yet  b^^^  of  cinchona 

bodies  have  been  formed  having  so  man?  ana  ogies  both  'o^^ll-?V^^ 
ties,  with  the  substances  sought,  that  it  Lro^le^SdThe^^rtir  is  m 
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of  time.  The  part  performed  by  the  bases  existing  in  the  iuice  of  flesh  has  nnt  h..r, 
ascertained,  and  no  special  remedial  virtues  havel^een  detected  in  them  ;  but  hi  Ts 
«lnt  nrf/"^-'- found  in  vegetables;  it  is,  in  fact,  among  them  that  tL  mo  t 
potent  of  all  medicmes  are  found-such,  for  example,  as  quinine  and  morphia    Tt  is 

for 'Zn-?-  """"^^  fi'^'l      substances  most  inimical'  to  life 

Z  '  ^^'T""-^'  curarme,  nicotine,  solanine,  strychnine,  &c 

&c.,  are  among  their  number.  It  must  not  be  forgotten,  however,  that  used  with 
proper  precaution,  even  the  most  virulent  are  valuable  medicines  The  fearfu  v 
",T!°if  '""l"^  organic  bases,  together  with  an  idea  that  they  are 
ciSv  W  •'  f  '^"^^.PP'  y  I'^f  'lie-.r  -ise  by  the  poisoner;  strychnine,  espe- 
cially, has  acquired  a  pamful  notoriety,  in  consequence  of  its  employment  by  a 
medical  man  to  destroy  persons  whose  lives  he  had  insured.  Fortunately  for  society, 
the  skill  of  the  analyst  has  more  than  kept  pace  with  that  of  the  poisoner  ;  and 
without  regardmg  the  extravagant  assertions  made  by  some  chemists  as  to  the  minute 
quantities  of  vegetable  poisons  they  are  able  to  detect,  it  may  safely  be  asserted  that  it 
would  be  very  difficult  to  administer  a  fatal  dose  of  any  ordinary  vegetable  poison 
without  Its  being  discovered.  Another  check  upon  the  poisoner  is  found  in  the  fact 
tha  those  most  difficult  of  isolation  from  complex  mixtures  are  those  which  cause 
such  distinct  symptoms  of  poisoning  in  the  victim,  that  the  medical  attendant,  if 
moderately  observant,  can  scarcely  fail  to  have  his  suspicions  aroused 

Under  the  heads  of  the  various  alkaloids  will  be  found  (where  deemed  of  sufficient 
importance)  not  merely  the  mode  of  preparation,  but  also  the  easiest  method  of 
detection. — C.  G.  W. 

ALKALIMETER.  There  are  various  kinds  of  aUtalimeters,  but  it  will  be  more 
convenient  to  explain  their  construction  and  use  in  the  article  on  Alkalimetr?  to 
which  the  reader  is  referred.  ' 

ALKALIMETRY.  1.  The  object  of  alkalimetry  is  to  determine  the  quantity  of 
caustic  alkah  or  of  carbonate  of  alkali  contained  in  the  potash  or  soda  of  commerce 
The  principle  of  the  method  is,  as  in  acidimetry,  based  upon  Dalton's  law  of  chemicai 
combining  ratios  — that  is,  on  the  fact  that  in  order  to  produce  a  complete  reaction  a 
certain  definite  weight  of  reagent  is  required,  or,  in  other  words,  in  order  to  saturate 
or  completely  neutralise,  for  example,  one  equivalent  of  a  base,  exactly  one  equiva- 
lent of  acid  must  be  employed,  and  vice  versa.  This  having  been  thoroughly  ex- 
plained in  the  article  on  Acidimetry,  the  reader  is  referred  thereto. 

2.  The  composition  of  the  potash  and  of  the  soda  met  with  in  commerce  presents 
very  great  variations  ;   and  the  value  of  these  substances  being,  of  course,  in  pro- 
portion to  the  quantity  of  real  alkali  which  they  contain,  an  easy  and  rapid  method 
22       of  determining  that  quantity  is  obviously  of  the  greatest  importance  both 
_      to  the  manufacturer  and  to  the  buyer.    The  process  by  which  this  object  is 
=^     attained,  though  originally  contrived  exclusively  for  the  determination  of 
0  the  intrinsic  value  of  these  two  alkalies  (whence  its  name.  Alkalimetry)  has 
s   since  been  extended  to  that  of  ammonia  and  of  earthy  bases  and  their  car- 
lo bonates,  as  will  be  shown  presently. 

,g     3.  Before,  however,  entering  into  a  description  of  the  process  itself,  we 
2u  will  give  that  of  the  instrument  employed  in  this  method  of  analysis,  which 
instrument  is  called  an  alkalimeter. 

4.  The  common  alkalimeter  is  a  tube  closed  at  one  end  (see  figure  in 
30  margin),  of  about  f  ths  of  an  inch  internal  diameter,  about  9^-  inches  long, 
35  and  is  thus  capable  of  containing  1000  grains  of  pure  distilled  water.  The 
40  space  occupied  by  the  water  is  divided  accurately  into  100  divisions,  num- 
^  bering  from  above  downwards,  each  of  which,  therefore,  represents  10  grains 

of  distilled  water. 

5.  When  this  alkalimeter  is  used,  the  operator  must  carefully  pour  the 
acid  from  it  by  closing  the  tube  with  his  thumb,  so  as  to  allow  the  acid  to 

60  trickle  in  drops  as  occasion  may  require  ;  and  it  is  well  also  to  smear  the 
65  edge  of  the  tube  with  tallow,  in  order  to  prevent  any  portion  of  the  test  acid 
z.  ,g  from  being  wasted  by  running  over  the  outside  after  pouring,  which  accident 
:     would,  of  course,  render  the  analysis  altogether  inaccurate  and  worthless  ; 
~      and,  for  the  same  reason,  after  having  once  begun  to  pour  the  acid  from  the 
^°  alkalimeter  by  allowing  it  to  trickle  between  the  thumb  and  the  edge  of 
8s  the  tube,  as  above  mentioned,  the  thumb  must  not  be  removed  from  the 
90  tube  till  the  end  of  the  experiment,  for  otherwise  the  portion  of  acid  which 
^  90  adheres  to  it  would,  of  course,  be  wasted  and  vitiate  the  result    This  un- 
_j^igg  comfortable  precaution  is  obviated  in  the  other  forms  of  alkalimeter  now  to 
be  described. 

6.  That  represented  in  fig.  23  is  Gay-Lussac's  alkalimeter ;  it  is  a  glass  tube  about 
14  inches  high,  and  i  an  inch  in  diameter,  capable  of  holding  more  than  1000  grains 
of  distilled  water;  it  is  accurately  graduated  from  the  top  downwards  into  100 
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divisions,  in  such  a  way  that  each  division  may  contain  exactly  10  grains  of  water. 
It  has  a  small  tube,  b,  communicating  with  a  larger  one,  which  small 
tube  is  bent  and  bevelled  at  the  top,  c.    This  very  ingenious  instru- 
ment, known  also  under  the  names  of  "  burette"  and  "powet, 
contrived  by  Gay-Lussac,  and  is  by  far  more  convenient  than 
common  alkalimeter,  as  by  it  the  test  acid  can  be  un- 
erringly  poured,  drop  by  drop,  as  wanted.     The  only 
drawback  is  the  fragility  of  the  smaU  side-tube,  &,  on  which 
account  the  common  alkalimeter,  represented  in  fig.  22, 
is  now  generally  used,  especially  by  workmen,  because  as 
it  has  no  side-tube  it  is  less  liable  to  be  broken ;  but  it 
gives  less  accurate  results,  a  portion  of  the  acid  being 
wasted  in  various  ways,  and  it  is  besides  less  manageable. 
Gay-Lussac's  "burette"  is  therefore  preferable;  andif  melted 
wax  be  run  between  the  space  of  the  large  and  of  the  small 
tube,  the  instrument  is  rendered  much  less  liable  to  injury; 
it  is  generally  sold  with  a  separate  wooden  foot  or  socket, 
in  which  it  may  stand  vertically. 

7.  The  following  form  of  alkalimeter  (fig.  24),  which  I 
contrived  several  years  ago,  wiU,  I  think,  be  found  equally 
delicate  but  more  convenient  still  than  that  of  Gay-Lussac. 
It  consists  of  a  glass  tube,  a,  of  the  same  dimensions  and 
graduated  in  the  same  manner  as  that  of  Gay-Lussac  ;  but 
it  is  provided  with  a  glass  foot,  and  the  upper  part,  b,  is 
shaped  like  the  neck  of  an  ordinary  glass  bottle ;  c  is  a 
bulb  blown  from  a  glass  tube,  one  end  of  which  is  ground  to  fit  the  neck,  b,  of  the 
alkalimeter,  like  an  ordinary  glass  stopper.  This  bulb  is  drawn  to  a  capillary  point 
at  D,  and  has  a  somewhat  large  opening  at  e.  With  this  instrument  the  acid  is 
perfectly  under  the  control  of  the  operator,  for  the  globular  joint  at  the  top  enables 
him  to  see  the  liquor  before  it  actually  begins  to  drop  out,  and  he  can  then  regulate 
the  pouring  to  the  gi'eatest  nicety,  whilst  its  more  substantial  form  renders  it  much, 
less  liable  to  accidents  than  that  of  Gay-Lussac ;  the  glass  foot  is  extremely  convenient, 
and  is  at  the  same  time  a  great  additional  security.  The  manner  of  using  it  will  be 
described  further  on. 

8.  Another  alkalimeter  of  the  same  form  as  that  which  I  have  just  described, 
except  that  it  is  all  in  one  piece,  and  has  no  globular  enlargement,  is  represented  in 
fig.  25.  Its  construction  is  otherwise  the  same,  and  the  results  obtained  are  equally 
delicate  ;  but  it  is  less  under  perfect  control,  and  the  test  acid  is  very  liable  to  run  down 
the  tube  outside  :  this  defect  might  be  easily  remedied  by  drawing  the 
tube  into  a  finer  and  more  delicate  point,  instead  of  in  a  thick  blunted 
projection,  from  which  the  last  drop  cannot  be  detached,  or  only  with 
difficulty  and  imperfectly.  A  glass  foot  would  moreover  be  an  im- 
provement. 

9.  With  Schiister's  alkalimeter  (represented  in  fig.  26),  the  strength 
of  alkalis  is  determined  by  the  weight,  not  by  the  measure,  of  the 
acid  employed  to  neutralise  the  alkali :  it  is,  as  may  be  seen,  a  small 
bottle  of  thin  glass  having  the  form  of  the  head  of  the  alkalimeter 
represented  in  fig.  24.  We  shall  describe  further  on  the  process  of 
analysis  with  this  alkalimeter. 

10.  There  are  several  other  forms  of  alkalimeter,  but  those  which 
have  been  alluded  to  are  almost  exclusively  used,  and  whichever  of 
them  is  employed  the  process  is  the  same —  namely,  pouring  carefully 
an  acid  of  a  known  strength  into  a  known  weight 
of  the  alkali  under  examination,  until  the  neu-  26 
tralising  point  is  obtained,  as  will  be  fully 
explained  presently. 

11.  Blue  litmus-paper  being  immediately 
reddened  by  acids  is  the  reagent  used  for  as- 
certaining the  exact  point  of  the  neutralisation 
of  the  alkali  to  be  tested.  It  is  prepared  by 
pulverising  one  part  of  commercial  litmus,  and 
digesting  it  in  six  parts  of  cold  water,  filtering, 

and  dividing  the  blue  liquid  into  two  equal  \^  \^ 
portions,  adding  carefully  to  one  of  the  portions, 
and  o«e  drop  at  a  time,  as  much  very  dilute  sulphuric  acid  as  is  sufficient  to  impart  to  it  a 
slight  red  colour,  and  pouring  the  portion  so  treated  into  the  second  portion  which  is 
intensely  blue,  and  st.rrmg  the  whole  together.    The  mixture  so  obtained  i'sreutral 
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12.  Since  the  principle  on  which  alkalimetry  is  based  consists  in  determining  thp 
which  a  known  weight  of  alkali  can  saturate  or  neutralL  itT  d  ar 
er  can  be  employed. 

generally  preferred  for  the  purpose  is  sulphuric  acid. 


that 


it  any  acid  having  this  power  can  be  employed. 

13.  The  test  acid,  however,  generally  preferred 
because  the  normal  solution  of  that  acid  is  more  easily  prep'ared,  is  less  liabfe'to 
change  its  strength  by  keeping,  and  has  a  stronger  reaction  on  litmu  -paper  than  any 
otheracid.  Itis  true  that  other  acids -tartaric  add,  for  example-^an  beTrocured  of 
greater  purity,  and  that  as  it  is  dry  and  not  caustic,  the  quantities  requir  d  can  be 
more  comfortably  and  accurately  weighed  off;  and  on  this  account  some  chemists! 
after  Buchner  recommended  its  use,  but  the  facility  with  which  its  aqueous  solution 
becomes  mouldy  is  so  serious  a  drawback,  that  it  is  hardly  ever  resorted  to  for  that 

14.  \Vhen  sulphuric  acid  is  employed,  the  pure  acid  in  the  maximum  state  of  con- 
centration or  as  It  is  called  by  chemists,  the  pure  hydrate  of  sulphuric  acid,  specific 
gravity  1-8485,  is  preferable.  Such  an  acid,  however,  is  never  met  with  in  commerce, 
for  the  ordinary  English  oil  of  vitriol  is  seldom  pure,  and  never  to  the  maximum  state 
ot  concentration ;  the  operator,  however,  may  prepare  it  by  distilling  ordinary  oil  of 
vitriol,  but  as  the  specific  caloric  of  the  vapour  of  sulphuric  acid  is  very  small  the 
distillation  is  a  somewhat  hazardous  operation,  unless  peculiar  precaution  be  taken 
J  he  following  apparatus,  however,  allows  of  the  acid  being  distilled  in  a  perfectly  safe 
and  convenient  manner  ;  it  consists  of  a  plain  glass  retort,  charged  with  oil  of  vitriol  a 
little  protosulphate  of  iron  is  added,  for  the  purpose  of  destroying  any  nitrous  products 
which  the  acid  may  evolve,  and  it  is  then  placed  into  a  cylinder  of  iron,  the  bottom 
of  which  IS  perforated  with  holes  about  three  quarters  of  an  inch  in  diameter  except 
in  the  middle,  where  a  large  hole  is  cut  of  a  suitable  size  for  the  retort  to  rest  upon  • 
the  sides  of  the  cylinder  are  likewise  perforated,  as  represented  in  fg.  27.  Ignited 
charcoal  is  then  placed  aU  round  the  retort,  the  bottom  of  which  protruding  out  of 
the  influence  of  the  heat,  allows  the  ebullition  to  proceed  from  the  sides  only.    It  is 

well  to  put  into  the  retort  a  few 
27  fragments  of  quartz  or  a  few 

lengths  of  platinum  wire,  the 
effect  of  which  is  to  render  the 
ebullition  more  regular 

15.  In  order  to  prevent  the 
acid  fumes  from  condensing  in 
the  neck  of  the  retort,  it 
should  be  covered  with  a  cover 
of  sheet  iron,  as  represented  in 
fig-  27. 

16.  The  first  fourth  part 
which  distils  over  should  be 
rejected,  because  it  is  too  weak  ; 
the  next  two  fourths  are  kept,  and 

the  operation  is  then  stopped,  leaving  the  last  fourth  part  of  the  acid  in  the  retort.  The 
neck  of  the  retort  should  be  about  four  feet  long  and  about  one  and  a  half  inches  in  the 
bore,  and  be  connected  with  a  large  receiver ;  and  as  the  necks  of  retorts  are  generally  m  uch 
too  short  for  the  purpose,  an  adapter  tube  should  be  adjusted  to  it  and  to  the  receiver,  but 
very  loosely  ;  this  precaution  is  absolutely  necessary,  for  otherwise  the  hot  acid  falling 
on  the  sides  of  the  receiver  would  crack  it ;  things,  in  fact,  should  be  so  arranged  that 
the  hot  drops  of  the  distilling  acid  may  fall  into  the  acid  which  has  already  distilled 
over.  Do  not  surround  the  receiver  with  cold  watei',  for  the  hot  acid  dropping  on  the 
refrigerated  surface  would  also  certainly  crack  it.  The  acid  so  obtained  is  pure  oil 
of  vitriol,  or  monohydrated  sulphuric  acid,  SO',  HO,  and  it  should  be  kept  in  a  well 
stoppered  and  dry  flask. 

17.  For  commercial  assays,  however,  and,  indeed,  for  every  purpose,  the  ordinary 
concentrated  sulphuric  acid  answers  very  well :  when  used  for  the  determination  of 
the  value  of  potashes,  it  is  made  of  such  a  strength  that  each  division  (or  10  water- 
grains'  measure)  of  the  alkalimeter  saturates  exactly  one  grain  of  pure  potash  :  an 
acid  of  that  particular  strength  is  prepared  as  follows  :  — 

18.  Take  112-76  grains  of  pure  neutral  and  anhydrous  carbonate  of  soda,  and  dis- 
solve them  in  about  5  fluid  ounces  of  hot  water.*    This  quantity,  namel}%  112-76 

»  Anhydrous,  'or  dry,  neutral  carbonate  of  soda  may  be  obtained  bv  keeping  a  cerlain  quantity  of 
pure  bicarbonate  of  soda  for  a  short  time,  at  a  dcdl  red  heat,  in  a  platinum  crucible:  the  bicarbonate 
IS  converted  into  Its  neutral  carbonate,  of  course  free  from  w.iter. 
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grains,  of  neutral  carbonate  of  soda  .vill  exactly  saturate  the  same  quantity  of  pure 
sulphuric  acid  (SO')  that  100  grains  of  pure  potash  would    It  is  advisable  however 
to  prepare  at  once  a  larger  quantity  of  test  solution  of  carbonate  of  soda,  which  is  of 
course  easily  done,  as  will  be  shown  presently.  -j    wi.  t« 

19.  Mix,  now,  1  part,  by  measure,  of  concentrated  sulphuric  acid  with  10  parts  of 
water,  or  rather— as  it  is  advisable,  where  alkalimetrical  assays  have  frequently  to  he 
made,  to  keep  a  stock  of  test  acid— mix  1000  water-grains'  measure  ot  concentrated 
sulphuric  acid  with  10,000  grains  of  water,  or  any  other  larger  proportions  of  con- 
centrated sulphuric  acid  and  water,  in  the  above  respective  proportions;  stir  the  who  e 
well,  and  allow  it  to  cool.  The  mixture  of  the  acid  with  the  water  should  be  made 
by  first  putting  a  certain  quantity  of  the  water  into  a  glass  beaker  or  matrass  of  a 
suitable  size,  then  pouring  the  concentrated  acid  slowly  therein,  while  a.  gyratory 
motion  is  imparted  to  the  liquid.  The  vessel  containing  the  acid  is  then  rinsed  with 
the  water,  and  both  the  rinsing  and  the  rest  of  the  water  are  then  added  to  the  whole 
mass.  When  quite  cold,  fill  the  graduated  alltalimeter  with  a  portion  of  it  up  to  the 
point  marked  0°,  taking  the  under  line  of  the  liquid  as  the  true  level  ;  and,  whilst 
stirring  briskly  with  a  glass  rod  the  aqueous  solution  of  the  112-76  grains  of  neutral 
carbonate  of  soda  above  alluded  to,  drop  the  test  acid  from  the  alkaluneter  into  the 
vortex  produced  by  stirring,  until,  by  testing  the  alkaline  solution  with  a  strip  of 
reddened  litmus-paper  after  every  addition  of  acid,  it  is  found  that  it  no  longer  shows 
an  alkaline  reaction  (which  is  known  by  the  slip  of  reddened  litmus-paper  not  being 
rendered  blue),  but,  on  the  contrary,  indicates  that  a  very  slight  excess  of  acid  is 
present  (which  is  known  by  testing  with  a  slip  of  blue  litmus-paper,  which  will  then 
turn  slightly  red). 

20.  If,  after  having  exhausted  the  whole  of  the  100  divisions  (1000  water-grains' 
measure)  of  the  diluted  acid  in  the  alkalimeter,  the  neutralisation  is  found  to  be 
exucthj  attained,  it  is  a  proof  that  the  test  acid  is  right. 

21.  But  suppose,  on  the  contrary  (and  this  is  a  much  more  probable  case),  suppose 
that  only  80  divisions  of  the  acid  in  the  alkalimeter  have  been  required  to  neutralise 
the  alkaline  solution,  it  is  then  a  proof  that  the  test  acid  is  too  strong,  and  accord- 
ingly it  must  he  further  diluted  with  water,  to  bring  it  to  the  standard  strength  ;  and 
this  may  at  once  be  done,  in  the  present  instance,  by  adding  20  measures  of  water  to 
every  80  measures  of  the  acid.  This  is  best  accomplished  by  pouring  the  whole  of  the 
acid  into  a  large  glass  cylinder,  divided  into  100  equal  parts,  until  it  reaches  the  mark 
or  scratch  corresponding  to  80  measures ;  the  rest  of  the  glass,  up  to  100,  is  then  filled 
up  with  water,  so  that  the  same  quantity  of  real  acid  will  now  be  in  the  100  measures 
as  was  contained  before  in  80  measures. 

22.  The  acid  adjusted  as  just  mentioned  should  be  labelled  "  Test  Sulphuric  Acid  for 
Potash,"  and  kept  in  well-stoppered  bottles,  otherwise  evaporation  taking  place  would 
render  the  remaining  bulk  more  concentrated,  consequently  richer  in  acid  than  it 
should  be,  and  it  would  thus,  of  course,  become  valueless  as  a  test  acid  until  re- 
adjusted. Each  degree  or  division  of  the  alkalimeter  of  such  an  acid  represents  1 
grain  of  pure  potash. 

23.  The  alkalimetrical  assay  of  soda  is  also  made  with  sulphuric  acid,  in  preference 
to  other  acids,  but  it  must  be  so  adjusted  that  100  alkalimetrical  divisions  (1000 
water  grains'  measure)  of  acid  will  exactly  neutralise  170-98  of  pure  anhydrous 
carbonate  of  soda,  that  quantity  containing  100  grains  of  pure  soda. 

24.  Dissolve,  therefore,  171  grains  of  pure  anhydi-ous  neutral  carbonate  of  soda,  ob- 
tained as  indicated  before,  in  five  or  six  ounces  of  hot  water,  and  prepare  in  the  mean- 
time the  test  sulphuric  acid,  by  mixing  1  part,  by  measure,  of  ordinary  concentrated 
sulphuric  acid,  with  about  9  parts  by  measure  of  water  exactly  as  described  before  ;  stir 
the  whole  thoroughly,  let  the  mixture  stand  until  it  has  become  quite  cold,  then  pour 
1000  water-grains' measure  of  the  dilute  acid  so  prepared  into  an  alkalimeter — that  is 
to  say,  fill  that  instrument  up  to  0°,  taking  the  under  line  as  the  true  level,  and  then, 
whilst  stirring  briskly  the  aqueous  solution  of  the  171  grains  of  carbonate  of  soda 
with  a  glass  rod,  pour  the  acid,  with  increased  precaution  as  the  saturating  point  is 
approaching,  into  the  vortex  produced,  imtil  by  testing  the  liquor  alternately  with 
reddened  and  with  blue  litmus-paper,  or  with  grey  litmus-paper,  as  before  mentioned 
the  exactly  neutralised  point  is  hit.  ' 

25.  If  the  whole  of  the  100  alkalimetrical  divisions  (1000  water-grains'  measure) 
have  been  required  to  effect  the  neutralisation,  it  is  a  proof  that  the  acid  is  of  the 
right  strength,  but  if  this  be  not  the  case,  it  must  be  adjusted  as  described  before  — 
that  is  to  say :  — 

26.  Suppose,  for  example,  that  only  75  alkalimetrical  divisions  or  measures  of  the 
acid  in  the  alkalimeter  have  been  required  to  neutralise  the  171  grains  of  neutral 
carbonate  of  soda  operated  upon,  then  75  measures  of  the  acid  should  be  poured  at 
once  into  a  glass  cyhnder  accurately  divided  into  100  parts  ;  the  remaining  25  divisions 
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should  then  be  filled  with  -water,  and  the  -whole  being  no-w  stirred  up,  100  parts  of 
the  liquor  will  of  course  contain  as  much  real  acid  as  75  parts  contained  before,  and 
accordingly  the  acid  may  now  be  used  as  a  test  acid  for  the  alkalimetrical  assay  of 
soda,  each  degree  or  division  of  the  alkalimeter  representing  one  grain  of  pure  soda. 

27.  The  stock  of  test  acid  should  be  kept  in  well-stoppered  flasks,  that  it  may  not 
vary  in  strength  by  evaporation,  and  be  labelled  "  Test  Sulphuric  Acid  for  Soda." 

28.  Instead  however  of  keeping  two  kinds  of  "  test  sulphuric  acid,"  of  different 
saturating  powers  as  described,  the  one  for  potash,  the  other  for  soda,  one  kind  only 
may  be  prepared  so  as  to  serve  for  both  alkalis,  by  constructing,  as  is  very  often 
done,  an  alkalimeter  adjusted  so  as  to  indicate  the  quantities  of  the  acid  of  a  given 
strength  required  for  the  saturation  or  neutralisation  of  both  potash  or  soda,  or  of 
their  respective  carbonates  ;  and  this,  in  fact,  is  the  alkalimeter  most  in  use  in  the 
factory. 

It  should  be  in  shape  similar  to  that  of  Gay-  Lussac's  (see  fig.  23),  or  that  described  in 
figs.  24  and  25 ;  but,  like  that  represented  by  fig.  22,  it  generally  consists  of  a  tube  closed 
at  one  end,  about  three-fourths  of  an  inch  internal  diameter  and  about  9^  inches  in 
length ;  it  is  graduated  into  100  equal  parts,  and  every  division  is  numbered  from 
above  downwards  (see  fig.  28). 

The  following  directions  for  their  construction  are  given  by  Professor  Faraday.  "  Let 
the  tube  represented  in  the  margin  have  100°  grains  of  water  weighed  into 
it;  then  let  the  space  it  occupies  be  graduated  into  100  equal  parts,  and 
every  ten  divisions  numbered  from  above  downwards.  At  22- 1  parts,  or 
77"99  parts  from  the  bottom,  make  an  extra  line,  a  little  on  one  side  or 
even  on  the  opposite  side  of  the  graduation,  and  write  at  it  with  a  scratching 
diamond,  soda;  lower  down,  at  48 -62  parts,  make  another  line,  and  write 
potash ;  still  lower,  at  54'43  parts,  a  third  line  marked  carb.  soda,  and  at  65 
parts  a  fourth,  marked  carb.  potash.  It  will  be  observed  that  portions  are 
measured  off  beueath  these  marks  in  the  inverse  order  of  the  equivalent 
number  of  these  substances,  and  consequently  directly  proportionate  to 
the  quantities  of  any  particular  acid  which  will  neutralise  equal  weights 
of  the  alkalis  and  their  carbonates.  As  these  points  are  of  great  im- 
portance, it  will  be  proper  to  verify  them  by  weighing  into  the  tubes  first 
••i50,  then  513-8,  aud  lastly  779-9  grains  of  water,  which  will  correspond 
with  the  marks  if  they  are  correct,  or  the  graduation  may  be  laid  down 
from  the  surface  of  the  four  portions  of  fluid  when  weighed  in,  without 
reference  to  where  they  fall  upon  the  general  scale.  The  tube  is  now 
completed,  except  that  it  should  be  observed  whether  the  aperture  can 
be  perfectly  and  securely  covered  by  the  thumb  of  the  left  hand,  and  if 
not,  or  if  there  be  reason  to  think  it  not  ultimately  secure,  then  it  should 
be  heated  and  contracted  until  sufficiently  small." 

29.  The  test  acid  for  this  alkalimeter  should  have  a  specific  gravity  of 
1-1268  ;  and  such  an  acid  may  be  prepared  by  mixing  one  part,  by  weight, 
of  sulphuric  acid,  specific  gravity  1-82,  with  four  parts  of  water,  and 
allowing  the  mixture  to  cool.  In  the  meantime,  100  grains  of  pure 
anhydrous  carbonate  of  soda,  obtained  as  indicated  before,  should  be  dis- 
solved in  water,  and  the  test  sulphuric  acid,  of  specific  gravity  ri268, 
prepared  as  abovesaid,  having  become  quite  cold,  is  poured  into  the 
alkalimeter  up  to  the  point  marked  carbonate  of  soda,  the  remaining 
divisions  are  filled  up  with  water,  and  the  whole  should  be  well  mixed  by  shaking. 

30.  If  the  whole  of  the  sulphuric  acid,  adjusted  as  was  said,  being  poured  carefully 
into  the  solution  of  the  100  grains  of  the  neutral  carbonate  of  soda,  neutralise  them 
exactly  — which  is  ascertained,  as  usual,  by  testing  the  solution  with  litmus-paper, 
which  should  not  be  either  reddened  or  rendered  bluer  by  it  — it  is  of  course  a  sign 
that  the  test  is  as  it  should  be— that  is  to  say,  is  of  the  proper  strength ;  in  the  con- 
trary case  it  must  be  finally  adjusted  in  the  manner  already  indicated,  and  which 
need  not  be  repeated.    See  §§  20,  21.  . 

31  The  best  and  most  convenient  process  for  the  analyst,  howeyer,  consists  in 
preparing  a  test  acid  of  such  a  strength  that  it  may  serve  not  only  for  all  alkalis,  but 
indeed  for  every  base;  that  is  to  say,  by  adju.sting  the  test  acid  so  that  100  alkalmie- 
trical  divisions  of  it  (1000  water-grains'  measure)  may  exactly  saturate  or  neut^ra- 
lise  one  equivalent  of  every  base.  This  method,  which  was  first  proposed  by  Dr. 
Ure  is  exceedingly  convenient,  and  the  possession  of  two  reciprocal  test  liquids, 
namely  the  ammonia  test  liquor  of  a  standard  strength,  of  which  we  gave  a  descrip- 
tion in  the  article  on  Acidemetry,  and  the  standard  test  acid  of  which  we  are  now 
speaking,  affords,  as  Dr.  Ure  observes,  ready  and  rigid  means  of  verification  l-or 
microscopic  analysis  of  alkaline  and  of  acid  matter,  a  graduated  tube  of  a  small  bore, 
mounted  in  a  frame,  with  a  valve  apparatus  at  top,  so  as  to  let  fall  drops  of  any  size 
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and  at  any  interval,  is  desirable;  and  such  an  instrument  Dr.Ure  employed  for  many 
years  ;  but  instead  of  a  tube  with  a  valve  apparatus  at  top,  the  operator  may  use  a 
graduated  tube  of  a  small  bore,  terminated  by  a  small  length  of  vulcanised  india-rubber 
Uibe  pinched  in  a  clamp,  ^hidh  may  be  relaxed  in  such  a  way  as  to  permit  also  the 
escape  of  drops  of  any  size  at  any  interval  of  time,  the  little  apparatus  heing  under 
perfect  command.  ,.     ^  •  c 

32.  The  test  sulphuric  acid,  of  such  a  strength  that  100  alkalimetrical  divisions  ot 
it  can  saturate  one  equivalent  of  every  base,  should  have  a  specific  gravity  of  1-032, 
and  is  prepared  as  follows :  —  r    i     v   •  j 

Take  53  grains  (one  equivalent)  of  pure  anhydrous  neutral  carbonate  of  soda,  ohtamed 
in  the  manner  indicated  before  (see  §  18),  and  dissolve  them  in  about  one  fluid  ounce 
of  water.  Prepare,  in  the  meantime,  the  test  sulphuric  acid  by  mixing  one  part,  by 
measure,  of  concentrated  sulphuric  acid  with  about  11  or  12  parts  of  water,  and  stir 
the  whole  well.  The  mixture  having  become  quite  cold,  fill  the  alkalimeter  with  the 
cold  diluted  acid  up  to  the  point  marked  0°,  taking  the  under  line  of  the  liquid  as  the 
true  level,  and,  whilst  stirring  briskly  the  aqueous  solution  of  the  53  grains  of  car- 
bonate of  soda  above  alluded  to,  pour  the  acid  carefully  from  the  alkalimeter  into  the 
vortex  produced  by  stirring,  until,  by  testing  the  liquor  alternately  with  reddened 
and  with  blue  litmus-paper,  or,  more  conveniently  still,  with  grey  litmus-paper,  the 
neutralising  point  is  exactly  hit. 

33.  If  the  whole  of  the  100  divisions  of  the  alkalimeter  had  been  required  to  neu- 
tralise exactly  the  53  grains  of  pure  anhydrous  carbonate  of  soda,  it  would  be  a  proof 
that  the  acid  is  of  the  right  strength  ;  but  if  this  is  not  the  case,  it  must  be  adjusted 
in  the  manner  described  before,  that  is  to  say  :  — 

34.  Let  us  suppose,  for  example,  that  only  50  measures  in  the  alkalimeter  have 
been  required  to  saturate  or  neutralise  the  53  grains  of  carbonate  of  soda,  then  50 
measures  should  be  poured  at  once  into  a  glass  cylinder  accurately  divided  into  100 
parts,  the  remaining  50  divisions  should  be  filled  up  with  water,  and  the  whole  being 
well  stirred,  100  parts  of  the  acid  liquor  will  now  contain  as  much  real  acid  as  was 
contained  before  in  the  50  parts. 

35.  The  acid  may  now  be  labelled  simply,  "  Test  or  Normal  Sulphuric  Acid."  Each 
one  hundred  alkalimetrical  divisions,  or  1000  water-grains'  measure  of  it,  contain  one 
equivalent,  or  40  grains  of  real  sulphuric  acid;  and,  consequently,  each  100  alkali- 
metrical divisions  of  it  will  neutralise  one  equivalent,  or  31  grains  of  soda,  47  of  pot- 
ash, 17  of  ammonia,  28  of  lime,  and  so  forth,  with  respect  to  any  other  base. 

36.  The  stock  of  test  or  normal  sulphuric  acid  should,  as  usual,  be  kept  in  well- 
stoppered  bottles,  in  order  to  prevent  concentration  by  evaporation.  By  keeping  in 
the  flask  containing  it  a  glass  bead,  exactly  adjusted  to  the  specific  gravity  of  1-032, 
the  operator  may  always  ascertain,  at  a  glance,  whether  the  acid  requires  readjusting. 

37.  With  a  Schiister's  alkalimeter,  it  is  convenient  to  prepare  the  test  acid  of  such 
a  strength  that,  according  as  it  has  been  adjusted  for  potash  or  for  soda,  10  grains  of 
it  will  exactly  saturate  one  grain  of  one  or  the  other  of  these  bases  in  a  pure  state. 
It  is  considered  that  the  alkalimeter  may  be  charged  with  a  known  weight  of  any 
of  the  other  sulphuric  test  acids  of  a  known  strength.  Suppose,  for  example,  that  the 
test  sulphuric  acid  taken  have  a  specific  gravity  of  1-032,  we  know,  as  we  have  just 
shown,  that  1-032  grains  weight  of  that  acid  contains  exactly  one  equivalent  of  pure 
sulphuric  acid  =  40,  and  is  capable,  therefore,  of  neutralising  one 
equivalent  of  any  base  ;  and,  consequently,  by  taking  a  certain 
weight  of  this  acid  before  beginning  the  assay,  and  weighing 
what  is  left  of  it  after  the  assay,  it  is  very  easy  to  calculate,  from 
the  quantity  of  acid  consumed  in  the  experiment,  what  quantity 
of  base  has  been  neutralised.  Thus  a  loss  of  21-96  -  60-70  —  33-29 
grains  weight  of  this  test  acid  represents  one  grain  of  potash,  of 
ammonia,  of  soda  respectively,  and  so  on  with  the  other  bases. 

38.  The  operator  being  thus  provided  with  an  appropriate  test 
acid,  we  shall  now  describe  how  he  should  proceed  with  each  of 
them  in  making  an  alkalimetrical  assay  with  potash. 

In  order  to  obtain  a  reliable  result,  a  fair  average  sample  must 
be  operated  upon.  To  secure  this  the  sample  should  be  taken 
from  various  parts  of  the  mass  and  at  once  put  in  a  wide-mouth 
bottle,  and  well  corked  up  until  wanted ;  when  the  assay  has  to 
he  made,  the  contents  of  the  bottle  must  be  reduced  to  powder 
so  as  to  obtain  a  fair  mixture  of  the  whole;  of  this  weigh  out 
1000  grains  exactly— or  less,  if  that  quantity  cannot  he  spared— 
and  dissolve  them  m  a  porcelain  capsule  in  about  8  fluid  ounces 
ot  distilled  hot  water,  or  in  that  proportion  ;  and  if  there  be  left 


29 


anything  like  an  insoluble  residue,  filter,  in  order  to  separate  it,  and  wash  it 
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filter  with  sinall  quantities  of  distilled  water,  and  pour  the  whole  solution  witi. 
jvashmgs  and  rinsings,  into  a  measure  divided  into  10,000  warer  gra  n  '  me^u^^^^^^ 
the  Avater  used  for  washing  the  insoluble  residue  on 'the  filter  hfs  tncreased  the  bulk 
of  the  solution  beyond  10,000  water-grains'  measure,  it  must  be  reS  by  evaooia 
tion  to  that  quantity;  if,  on  the  contrary,  the  solution  poured  in  S  measure  sLnds" 
th  rl  J:  water-grains'  measure,  then  as  much  water  ^ust  be  adS 

the  eto  as  wil  bring  the  whole  mass  exactly  to  that  point.    In  order  to  do  this  ro7 
rectly.the  cylmdrical  measure  should  stand  well  on  a  table  and  thp  ,  n,w  i 
line  formed  by  the  liquid  as  it  reaches  the  scratch  ICOO^S'trkJn  a  tTetuM  "vll" 
39  This  being  done,  1000  grains'  measure  of  the  filtrate,  that  is  to  say,  o,,e-to  Apart 
of  the  whole  solution,  is  transferred  to  a  glass  beaker,  in  which  the  saturation  or 
neutralisation  is  to  be  effected,  >vhich  is  best  done  by  mea^s  of  a  p  ^tte  capable  of  con 
taming  exactly  that  quantity  when  filled  up  to  the  scratch,  a.  In  order  to  fiU  Lch  a  pipette 
.0     i  tt^nV    '^l '°  d^p  n  mo  the  alkaline  solution  and  to  suck  up  the  liquor  a 
30     little  above  the  scratch,  a  ;  the  upper  orifice  should  then  be  stopped  wi?h  the 
first  finger  and  by  momentarily  lifting  it  up,  the  liquor  is  allowed  slowly  to 
lall  from  the  pipette  back  again  into  the  10,000  grains'  measure  until  its  level 
reaches  exactly  the  scratch,  a.    The  last  drop  which  remains  hanging  from 
the  point  of  the  pipette  may  be  readily  detached  by  touching  the  sides  of  the 
glass  measure  with  it.    The  1000  grains  being  thus  rigorously  measured  in 
the  pipette  should  then  be  transferred  to  the  glass  beaker,  in  which  the  neu- 
tralisation is  to  take  place,  by  removing  the  finger  altogether,  blowing  into  it 
to  detach  the  last  drop,  and  rinsing  it  with  a  little  water. 

40.  Or,  instead  of  the  pipette  just  described,  the  operator  may  measure 
1000  grams  by  taking  an  alkalimeter  full  of  the  alkaline  solution,  and  empty- 
ing It  into  the  glass  beaker  in  which  the  neutralisation  is  to  take  place,  rinsino- 
it  with  a  little  water,  and  of  course  adding  the  rinsing  to  the  mass  in  the  said 
glass  beaker. 


41.  Whichever  way  is  adopted,  a  slight  blue  colour  should  be  imparted  to 
the  1000  grains'  measure  of  the  alkaline  solution,  by  pouring  into  it  a  small 
quantity  of  tincture  of  litmus.  The  glass  beaker  should  then  be  placed  upon  a  sheet 
of  white  paper,  or  a  slab  of  white  porcelain,  in  order  that  the  change  of  colour  pro- 
duced by  the  gradual  addition  of  the  test  acid  may  be  better  observed. 

42.  This  being  done,  if  the  operator  have  decided  upon  using  the  test  sulphuric  for 
potash  (§§  17-22),  he  should  take  one  of  the  alkalimeters,  represented  in^os  22  23 
24,  or  25,  and  fill  it  up  to  0°  (taking  the  under  line  of  the  liquid  as  the  true  level)  \ 
then  taking  the  alkalimeter  thus  charged  in  his  right  hand,  and  in  his  left  the  glass 
beaker  containing  the  alkaline  solution  coloured  blue  by  tincture  of  litmus,  he  should 
gradually  and  carefully  pour  the  acid  liquor  into  the  alkaline  solution  in  the  glass 
beaker,  to  which  a  circular  motion  should  be  given  whilst  pouring  the  acid,  or  which 
should  be  briskly  stirred,  in  order  to  insure  the  rapid  and  thorough  mixing  of  the 
two  liquors,  and  therefore  their  complete  reaction  ;  moreover,  in  order  at  once  to 
detect  any  change  of  colour  from  blue  to  red,  the  glass  beaker  should  be  kept  over  the 
white  sheet  of  paper  or  the  white  porcelain  slab,  as  before  stated. 

43.  At  first  no  efi'ervescence  is  produced,  because  the  carbonic  acid  expelled,  in- 
stead of  escaping,  combines  with  the  portion  of  the  alkaline  carbonate  as  yet  unde- 
composed,  which  it  converts  into  bicarbonate  of  potash,  and  accordingly  no  sensible 
change  of  colour  is  perceived  ;  but  as  soon  as  a  little  more  than  half  the  quantity  of 
the  potash  present  is  saturated,  the  liquor  begins  to  effervesce,  and  the  blue  colour  of 
the  solution  is  changed  into  one  of  a  vinous,  that  is,  of  a  purple  or  bluish-red  hue, 
which  is  due  to  the  action  of  the  carbonic  acid  upon  the  blue  colour  of  the  litmus. 
More  acid  should  be  still  added,  but  from  this  moment  with  very  great  care  and  with 
increased  caution,  gradually  as  the  point  of  neutralisation  is  approached,  which  is 
ascertained  by  drawing  the  glass  rod  used  for  stirring  the  liquor  across  a  slip  of 
blue  litmus-paper.  If  the  paper  remains  blue,  or  if  a  red  or  reddish  streak  is  thereby 
produced  which  disappears  on  drying  the  paper  and  leaves  the  latter  blue,  it  is  a 
proof  that  the  neutralisation  is  not  yet  complete,  and  that  the  reddish  streak  was  due 
only  to  the  action  of  the  carbonic  acid  ;  more  acid  must  accordiugl}'  be  poured  from 
the  alkalimeter,  but  one  drop  only  at  a  time,  stirring  after  each  addition,  until  at  last 
the  liquor  assumes  a  distinct  red  or  pink  colour,  which  happens  as  soon  as  it  contains 
an  extremely  slight  excess  of  acid  ;  the  streaks  made  now  upon  the  litmus-paper  will 
remain  permanently  red,  even  after  drying,  and  this  indicates  that  the  reaction  is 
complete  and  that  the  assay  is  finished. 

44.  If  the  potash  under  examination  were  perfectly  caustic,  the  solution  would 
suddenly  change  from  blue  to  pink,  because  there  would  be  no  evolution  of  carbonic 
acid  at  all,  and  consequently  no  vinous  or  purple  colour  produced ;  if,  on  the  other 
hand,  the  potash  was  altogether  in  the  state  of  bicarbonate,  the  first  drops  of  test 
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acid  would  at  once  decompose  part  of  it  and  liberate  carbonic  acid,  and  impart  a 
vinous  colour  to  tbe  solution  at  the  very  outset,  -which  vinous  colour  would  persist  as 
long  as  any  portion  of  the  bicarbonate  would  remain  undecomposed. 

45.  The  neutralising  point  being  attained,  the  operator  allows  the  sides  of  the  allca- 
limeter  to  drain,  and  he  then  reads  off  the  number  of  divisions  which  have  been 
employed.  If,  for  example,  50  divisions  have  been  used,  then  the  potash  examined 
contained  50  per  cent,  of  real  potash.    See  obsei-v.,  §  48-49. 

46.  Yet  it  is  advisable  to  repeat  the  assay  a  second  time,  and  to  look  upon  this 
first  determination  only  as  an  approximation  which  enables  the  operator,  now  that  he 
knows  about  where  the  point  of  neutralisation  lies,  to  arrive,  if  need  be,  by  increased 
caution  as  he  reaches  that  point,  at  a  much  greater  degree  of  precision.  He  should 
accordingly  take  again  an  alkalimeter  full  (1000  water-grains'  measure)  —  that  is  to 
say,  another  tenth  part  of  the  liquor  left  in  the  10,000  grains'  measure  —  and  add 
thereto  at  once  48  or  49  alkalimetrical  divisions  of  the  test  acid,  and  after  having 
thoroughly  agitated  the  mixture,  proceed  to  pour  the  acid  carefully,  two  drops  only 
at  a  time,  stirring  after  such  addition,  and  touching  a  strip  of  litmus-paper  with  the 
end  of  the  glass  rod  used  for  stirring ;  and  so  he  should  go  on  adding  two  drops, 
stirring,  and  making  a  streak  on  the  litmus-paper,  until  the  liquor  assumes  suddenly 
a  pink  or  onion-red  colour,  and  the  streak  made  on  the  litmus-paper  is  red  also.  The 
alkalimeter  is  then  allowed  to  drain  as  before,  and  the  operator  reads  off  the  number 
of  divisions  employed,  from  which  number  2  drops  (or  -^ths  of  a  division)  should 
be  deducted ;  Gay-Lussac  having  shown  that,  in  alkalimetrical  assays,  the  sulphates 
of  alkalis  produced  retard  the  manifestation  of  the  red  colour  in  that  proportion. 
One  alkalimetrical  division  generally  consists  of  10  drops,  but  as  this  is  not  always 
the  case,  the  operator  should  determine  for  himself  how  many  drops  are  necessary  to 
make  up  one  division,  and  take  account  of  them  in  the  assay  according  to  the  ratio 
thus  found.  In  the  example  given  before,  and  supposing  10  drops  to  form  one  alka- 
limetrical division,  then  the  per-centage  value  of  the  sample  of  potash  under  exami- 
nation would  probably  be  as  follows  :  — 

Number  of  divisions  of  acid  employed  -  -  50-0 
—  2  drops  acid  in  excess    -----  0-2 


Keal  per-centage  of  potash    -       -      -    49 '8 


47.  When  the  alkalimeter  described  in  fig.  24  is  employed,  the  test  acid  may,  at 
the  beginning  of  the  experiment,  be  poured  from  the  larger  opening,  e  ;  but  towards 
the  end  —  that  is,  when  the  neutralising  point  is  approaching — the  acid  should  be 
carefully  poured  from  the  point,  d,  in  single  drops,  or  only  two  drops  at  a  time,  until  the 
saturating  point  is  hit,  as  we  have  just  said.  If  the  operator  wishes  to  pour  only  one 
drop,  he  should  close  the  larger  opening,  e,  of  the  bulb  with  the  thumb,  and  then  fill 
the  bulb  with  the  test  acid  by  inclining  the  alkalimeter  ;  putting  now  the  alkalimeter 
in  an  upright  position,  and  removing  the  thumb,  a  certain  quantity  of  acid  will  be 
retained  in  the  capillary  point,  d  ;  and  if  the  thumb  be  now  pressed  somewhat 
forcibly  against  the  opening,  e,  the  acid  contained  in  the  capillary  point  will  be 
forced  out  and  form  one  drop,  which  will  then  fall  into  the  alkaline  solution  if  it  be 
held  over  it.  If  the  saturation  be  complete,  the  operator,  without  removing  the  bulb 
stopper,  may,  by  applying  his  lips  to  the  large  opening,  e,  suck  the  acid  engaged  in 
the  capillary  point  back  into  the  alkalimeter. 

48.  If  there  should  be  in  the  mind  of  the  operator  any  doubt  as  to  what  is  meant 
by  the  onion-red  colour  which  the  liquor  tinged  blue  with  tincture  of  litmus  acquires 
when  slightly  supersaturated,  he  may  pour  into  a  glass  beaker  a  quantity  of  pure  water 
equal  to,  or  even  larger  than,  the  alkaline  solution  operated  upon,  and  tinge  it  blue 
with  a  little  tincture  of  litmus,  to  about  the  same  degree  of  intensity  as  the  alkaline 

iquor  under  examination.  If  he  now  pour  into  the  pure  water  coloured  blue  with 
litmus,  one  single  drop  of  the  test  acid,  it  will  acquire  at  once,  by  stirring,  the  onion- 
red  colour  alluded  to,  and  which  he  may  now  use  as  a  standard  of  comparison 

49.  Considering  the  rapidity  with  which  these  alkalimetrical  operations  can  be 
performed,  the  operator,  unless  he  have  acquired  sufficient  practice,  or  unless  a  great 
degree  of  accuracy  be  not  required,  should  repeat  the  assay  two  or  three  times  look- 
ing upon  the  first  determination  only  as  an  approximation,  and  as  a  sort  of  -^uide  as 
to  the  quantity  of  acid  which  will  be  required  in  the  subsequent  experiments,  wherebv 
he  will  now  be  enabled  to  proceed  with  increased  caution  as  he  approaches  the  noint 
of  saturation  ;  but  at  any  rate,  if  he  will  not  take  the  little  extra  trouble  of  a  repeti- 
tion he  should,  before  he  begins  to  pour  the  acid,  take  a  little  of  the  filtered  alkaline 
solution  out  of  the  glass  beaker,  as  a  corps  de  reserve,  which  he  adds  to  the  rest  after 
the  saturatmg  point  has  been  approximated,  and  from  that  moment  he  may  proceed 
but  With  great  care,  to  complete  the  neutralisation  of  the  whole 
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oO.  Do  not  forget  that  as  the  test  sulphuric  acid  must  always  he  added  in  slu,ht 
excess  to  obtain  a  distinct  red  streak  on  the  litmus-paper,  a  correction  is  absolutelv 
necessary  ;  that  is  to  say,  the  excess  of  sulphuric  acid  employed  must  be  deducted  if 
a  strictly  accurate  result  is  sought. 

51.  If,  instead  of  the  special  alkalimeter  for  potash  above  described,  the  operator 
prefers  using  that  prepared  of  such  a  strength  that  100  divisions  of  the  alkalimeter 
(100  water-grams'  measure)  contain  exactly  one  equivalent  of  each  alkali  or  base 
which  test  sulphuric  acid,  as  we  have  seen,  has  a  specific  gravity  of  1-032  (see 
§§  .31-36),  he  should  proceed  exactly  as  indicated  in  §  38,  and  following;  and  the 
alkalimeter  being  filled  with  that  test  acid,  of  specific  gravity  1-032  up  to  0°  it  (the 
acid)  should  be  poured  carefully  into  the  aqueous  solution  of  the  alkali  tinged 
blue  with  litmus,  until  exact  neutralisation  is  attained,  precisely  in  the  same  man- 
ner as  in  §  38,  and  following. 

52.  The  neutralising  point  being  hit,  let  us  suppose  that  the  whole  of  the  contents 
of  the  alkalimeter  have  been  employed,  that  the  aqueous  solution  tinged  blue  with 
litmus,  IS  not  yet  saturated,  and  that,  after  having  refilled  the  alkalimeter  the 
4  divisions  more  (altogether  104  divisions)  have  been  required  to  neutralise  the  alkali 
in  the  aqueous  solution  ;  then,  since  100  divisions  (1000  water-grains'  measure)  of  the 
test  acid  now  employed  saturate  exactly  one  equivalent,  that  is,  47  of  potash,  the 
question  is  now.  What  quantity  of  potash  will  have  been  saturated  by  the  104  divi- 
sions of  acid  employed  ?  The  answer  is  found,  by  a  simple  rule  of  proportion,  to  be 
nearly  49.  r  r   i  , 

100  :  47  ::  104  :  X  =  48-88. 

The  sample  of  potash  examined  contained,  therefore,  nearly  49  per  cent,  of  pure  potash. 

53.  If  instead  of  the  special  test  sulphuric  acid  for  potash  (§  17),  or  of  the  test  sul- 
phuric acid  for  potash,  soda,  and  other  bases  (§  28),  the  operator  uses  the  potash  and  soda 
alkalimeter  (§§  31-36),  the  method  to  be  followed  is  exactly  similar  to  that  described 
in  §  42  and  following.  Some  of  the  test  sulphuric  acid,  of  specific  gravity  1  -1268,  is  to  be 
poured  into  the  alkalimeter  until  it  reaches  the  point  marked  "potash"  (that  is  to  say, 
48  -62  divisions  of  the  alkalimeter),  taking  the  under  line  of  the  liquid  as  the  true 
level,  and  the  remaining  divisions  up  to  0°  are  carefully  filled  with  water.  The 
operator  then  closes  the  aperture  of  the  alkalimeter  with  the  thumb  of  his  left  hand, 
and  the  whole  is  violently  shaken  so  as  to  obtain  a  perfect  mixture. 

54.  The  acid  so  mixed  must  now  be  carefully  poured  from  the  alkalimeter  into  the 
alkaline  solution  of  the  potash  under  examination  until  neutralisation  is  attained, 
precisely  as  described  §  42  and  following. 

55.  The  neutralising  point  being  hit,  the  operator  allows  the  sides  of  the  alkalimeter 
to  drain,  and  he  then  reads  off  the  number  of  divisions  employed  in  the  experiment, 
which  number  indicates  the  per-ceutage  of  real  potash  contained  in  the  sample. 

56.  Had  the  operator  wished  to  estimate  the  quantity  of  potash  as  carbonate  of 
potash,  he  should  have  poured  the  test  acid  into  the  alkalimeter  up  to  the  point 
marked  "carbonate  of  potash,"  filled  the  remaining  divisions  of  the  alkalimeter  up  to 
0°  with  water,  and  proceeding  exactly  as  just  mentioned,  the  number  of  divisions  of 
acid  employed  would  indicate  the  per-centage  of  potash  contained  in  the  sample  as 
carbonate  of  potash. 

57.  If  a  Schuster's  alkalimeter  (fig.  26)  be  used,  and  supposing,  for  example,  that  the 
acid  to  be  employed  therewith  is  so  adjusted  that  10  grains  weight  of  it  neutralise 
exactly  1  grain  in  weight  of  potash,  proceed  as  follows: — Take  100  grains  in  weight 
of  a  fair  average  of  the  sample,  previously  reduced  to  powder,  dissolve  them  in  water, 
filter  with  the  precautions  which  have  already  been  described  before  (§  38  and  follow- 
ing), and  pour  this  solution  into  a  glass  cylinder  graduated  into  100  parts,  and  capable 
of  containing  10,000  water  grains ;  fill  it  up  with  water  exactly  as  described  before ; 
of  this  take  now  100  alkalimetrical  divisions,  that  is  to  say,  I'gth  of  the  whole  solution, 
and  pour  it  in  a  glass  beaker.  On  the  other  hand,  charge  the  Scliiister's  alkalimeter 
with  a  certain  quantity  of  the  test  acid,  and  weigh  it,  along  with  the  alkalimeter  itself, 
in  a  good  balance.  This  done,  proceed  with  the  neutralisation  of  the  solution  in  the 
glass  beaker,  by  pouring  the  acid  from  the  alkalimeter  in  the  usual  way,  and  with  the 
usual  precautions,  until  the  saturation  is  completed.  Replace  the  alkalimeter,  with  the 
quantity  of  unconsumed  acid,  in  the  scale  of  the  balance,  weigh  accurately,  and  since 
every  grain  of  acid  represents  -^th  of  a  grain  of  potash,  the  number  of  gi-aiiis  of  acid 
used  in  the  experiment  indicates  at  once  the  per-centage  of  real  potash  present  in  the 
sample. 

58.  When,  however,  potash  is  mixed  with  soda,  as  is  frequently  the  case  with  the 
potash  of  commerce,  either  accidentally  or  for  fraudulent  purposes,  the  determination 
of  the  amount  of  the  cheaper  alkali  could  not,  until  a  comparatively  recent  period,  be 
estimated,  except  by  the  expensive  and  tedious  process  of  a  regular  chemical  analysis. 
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In  1844  however,  M.  Edmund  Pesier,  professor  of  Chemistry  at  Valenciennes,  pub- 
lished an  easy  and  commercial  method  for  the  estimation  of  the  quantity  of  soda 
which  potash  may  contain,  by  means  of  an  areometer  of  a  peculiar  construction,  to 
which  the  name  of  "  Natrometer"  has  been  given  by  the  talented  professor. 

59  The  rationale  of  the  method  is  grounded  upon  the  increase  of  specific  gravity 
Avhich  sulphate  of  soda  produces  in  a  solution  saturated  with  pure  sulphate  of  potash, 
and  is  deduced  from  the  fact  that  a  solution  saturated  with  neutral  sulphate  of  potash 
possesses  a  uniform  and  constant  density  when  the  saturation  is  made  at  the  same 
temperature,  and  that  the  density  of  such  a  solution  increases  progressively  in  propor- 
tion to  the  quantity  of  sulphate  of  soda  present;  an  increase  of  density  so  much  the 
more  readily  observable,  that  the  solubility  of  the  sulphate  of  potash  is  greatly 
augmented  by  the  presence  of  sulphate  of  soda.  It  had  at  first  been  thought  that,  in 
order  to  obtain  anything  like  accuracy,  it  would  be  necessary  to  combine  all  the 
potash  with  one  same  acid,  preferably  sulphuric  acid ;  and,  consequently,  that  as  the 
potash  of  commerce  always  contains  a  little,  and  sometimes  a  rather  considerable 
quantity,  of  chloride  of  potassium,  the  latter  salt  should  first  be  decomposed.  Further 
experiments,  however,  established  the  fact,  that  in  dissolving  chloride  of  potassium  in  a 
saturated  solution  of  sulphate  of  potash,  the  specific  gravity  of  the  liquor  is  not 
materially  increased,  since  the  introduction  of  as  much  as  50  per  cent,  of  chloride  of 
potassium  does  not  increase  that  density  more  than  3  per  cent,  of  soda  would  do  when 
examined  by  the  natrometer — a  degree  of  accuracy  quite  sufiicient  for  commercial 
purposes.  When  soda  is  added  to  a  saturated  solution  of  sulphate  of  potash,  the 
further  addition  of  chloride  of  potassium  thereto  renders  the  specific  gravity  of  the 
liquor  less  than  it  would  have  been  without  that  addition  —  an  apparent  anomaly  due 
to  the  fact  that  chlorine,  in  presence  of  sulphuric  acid,  of  potash,  and  of  soda,  combines 
with  the  latter  base  to  form  chloride  of  sodium ;  and  it  is  this  salt  which  increases  the 
solubility  of  sulphate  of  potash,  though  in  a  somewhat  less  degree  than  sulphate  of 
soda.  Thus,  if  to  a  saturated  solution  of  sulphate  of  potash  0-14  of  soda  be  added 
along  with  0'20  of  chloride  of  potassium,  the  natrometer  indicates  only  0'125  of  soda. 
Seeing,  therefore,  that  in  such  an  exceptional  case  the  error  does  not  amount  to  more 
than  0'0]5  of  error,  it  will  probably  be  found  unnecessary  in  most  cases  to  decompose 
the  chloride  contained  in  the  potashes  of  commerce,  that  quantity  being  too  small 
to  materially  afiect  the  result.  Yet,  as  the  accurate  determination  of  soda  in  potash 
was  a  great  desideratum,  M.  Pesier  contrived  two  processes,  one  of  which,  in  the 
hands  of  the  practised  chemist,  is  as  perfect  as,  but  much  more  rapid  than,  those 
ordinarily  resorted  to ;  the  other,  which  is  a  simplification  of  the  first,  yields  results 
of  sufficient  accuracy  for  all  commercial  purposes. 

60.  First  process.  —  Take  500  grains  of  a  fair  average  sample  of  the  potash  to  be 
examined,  dissolve  them  in  as  little  water  as  possible,  filter,  and  -wash  the  filter  until  the 
washings  are  no  longer  alkaline.  This  filtering,  however,  may  be  dispensed  with 
when  the  potash  is  of  good  quality  and  leaves  but  a  small  residue,  or  when  an  ex- 
treme degree  of  accuracy  is  not  required. 

61.  The  potash  being  thus  dissolved,  a  slight  excess  of  sulphuric  acid  is  added 
thereto ;  the  excess  is  necessary  to  decompose  the  chlorides  and  expel  the  muriatic 
acid.  The  liquor  so  treated  is  then  evaporated  in  a  porcelain  capsule,  about  six  inches 
in  diameter;  and  when  it  begins  to  thicken,  it  should  be  stirred  with  a  glass  rod,  in 
order  to  avoid  projections.  When  dry,  the  fire  must  be  urged  until  the  residue  fuses, 
and  it  is  then  kept  in  a  state  of  tranquil  fusion  for  a  few  minutes.  The  capsule  should 
then  be  placed  upon,  and  surrounded  with,  hot  sand,  and  allowed  to  cool  down  slowly, 
to  prevent  its  cracking,  which  would  happen  without  this  precaution. 

62.  The  fused  mass  in  the  capsule  having  become  quite  cold  should  now  be  treated 
with  as  little  hot  water  as  possible,  that  is  to  say,  with  less  than  3000  gi-ains  of  hot 
water ;  and  this  is  best  done  by  treating  it  with  successive  portions  of  fresh  water. 
All  the  liquors  thus  successively  obtained  should  then  be  poured  into  a  flask  capable 
of  holding  about  10,000  grains  of  water,  and  the  excess  of  sulphuric  acid  must  be 

accurately  neutralised  by  a  concentrated  solution  of  pure  carbonate  of  potash  that  is 

to  say,  until  the  colour  of  litmus-paper  is  no  longer  affected  by  the  liquor,  just  as  in 
ordinary  alkalimetrical  or  acidimetrical  assays.  During  this  operation,  a  pretty  con- 
siderable precipitate  of  sulphate  of  potash  is,  of  course,  produced. 

63  The  neutralising  point  being  exactly  hit,  a  saturated  solution  of  sulphate  of 
potash  is  prepared,  and  brought  to  the  atmospheric  temperature ;  a  condition  which 
is  expedited  by  plunging  the  vessel  which  contains  the  solution  into  a  basin  fuU  of 
cold  water,  and  stirring  it  until  the  thermometer  plunged  in  the  liquor  indicates  that 
he  temperature  of  the  latter  is  about  the  same  Is,  and  preferably  less  than    hat  S 

tl  ^  '  •f,?''"''  '°  ""^y      1^^'^  '=°"''^<="y  adjusted  by  grasping  the 

vesse  with  a  warm  hand.  In  order,  however,  to  secure  exact  y  the  proper  tempera- 
ture, the  whole  should  be  left  at  rest  for  a  few  minutes  after  having^wUhdrawn  he 
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Jttf  >  Z''""'.-*^  '^"^'^  "^^'i  f"'-  refrigerating  it,  talcing  care  simnlv  to 

Teir  fV''        '°  ^.r*"'?"         ''''  thermometer  rem! infatX'  ime 
degree  of  temperature.   This  done,  the  liquor  is  filtered  into  a  glass  cylinder 
32      c,  on  -which  a  scratch  n-i,  has  been  made,  corresponding  to  3000  water- 
grams  measure     If  the  directions  given  have  been  exactly  followed,  it  will 
be  found  tha   the  filtrate  is  not  sulBcient  to  fill  it  up  to  that  ma^k  •  the 
necessary  volume,  however,  should  be  completed  by  washing  the  deposit  of 
sulphate  of  potash  in  the  filter,  b,  with  a  saturated  solution  of 
31         the  same  salt  (sulphate  of  potash)  previously  prepared.  It 
r  Bis  advisable  to  use  a  saturated  solution  of  sulphate  of  potash 
which  has  been  kept  for  some  time,  and  not  one  immediately 
prepared  for  the  purpose,  because  sulphate  of  potash  in  dis- 
solving produces  a  certain  amount  of  cold,  which  would 
create  delay,  since  it  would  be  necessary  to  wait  until  the 
temperature  of  the  mass  had  become  the  same  as  that  of  the 
air. 

64.  The  liquor  occupying  3000  water-grains'  measure  in 
the  cylmder  should  be  next  rendered  homogeneous  by  stirring 
It  well,  after  which  the  natrometer  may  be  immersed  in  it. 
The  natrometer  is  simply  an  areometer  of  a  peculiar  con- 
struction, provided  with  two  scales:  the  one  of  a  pink  colour 
shows  the  degrees  of  temperature,  and  indicates,  for  each 
degree  of  the  centigrade  thei-mometer,  the  level  at  which 
a  solution  saturated  with  pure  sulphate  of  potash  would  stand ; 
on  the  other  scale,  each  degree  represents  I  per  cent,  of  soda 
(oxide  of  sodium),  as  represented  in  fig.  32. 

65.  The  0°  of  the  two  scales  coincide  with  each  other.  If 
the  experiment  take  place  at  the  temperature  of  0°,  the 
quantity  of  soda  will  be  directly  determined  by  observing  the 
number  of  degrees  on  the  soda  scale ;  but  if  the  experiment 
be  performed  at  25°,  for  example,  it  will  be  seen  that  the 
pouit  at  which  the  instrument  would  sink  in  a  liquor  saturated 
with  pure  sulphate  of  potash  corresponds  to  -jf^th  of  soda,  and, 
in  this  case,  it  is  from  this  point  that  the  0°  of  the  soda  scale 
should  be  supposed  to  begin,  which  is  easily  accomplished 
by  a  simple  subtraction,  as  will  be  seen  presently. 

66.  Experiment  having  shown  that  the  degrees  of  soda 
cannot  be  equidistant,  but  that,  on  the  contrary,  they  become  smaller  and  smaller  as 
the  quantity  of  soda  increases,  the  number  of  degrees  of  soda  are  obtained  as  follows  : 
— From  the  number  of  degrees  of  temperature  now  indicated  on  the  pink  scale  of  the 
natrometer,  subtract  the  number  of  degrees  of  temperature  indicated  by  an  ordinary 
thermometer  at  starting  ;  then  look  at  the  soda  scale  for  the  number  of  soda  degrees 
which  correspond  to  the  number  of  degrees  of  temperature  left  after  subtraction,  and 
each  of  the  soda  degrees,  beginning  from  the  0°  of  the  natrometer,  represents  1  per  cent. 

67.  For  example  : — Suppose  the  experiment  to  have  been  made  at  starting,  and  as 
indicated  by  an  ordnary  thermometer,  at  +  20°  centigrades,  and  that  the  level  of  the 
solution  is  now  found  to  stand  at  59°  on  the  pink  scale  of  temperature  of  the  natro- 
meter, then  by  deducting  20  (the  original  temperature)  from  59  (number  of  degrees 
indicated  by  the  floating  point  on  the  pink  scale  of  temperatures  of  the  natrometer) 
there  remains,  of  course,  39.  Draw  the  instrument  out,  and  looking  now  on  the  said 
pink  scale  for  39°,  there  will  be  found  exactly  opposite,  on  the  soda  scale,  the  num- 
ber 13,  which  number  signifies  that  the  potash  under  examination  contains  13  per 
cent,  of  soda  (oxide  of  sodium). 

68.  As  the  deposit  of  sulphate  of  potash  separated  by  filtering  might  retain  some 
sulphate  of  soda,  it  is  advisable,  in  order  to  avoid  all  chance  of  error,  to  wash  it  with 
a  saturated  solution  of  sulphate  of  potash,  adding  as  much  of  it  as  is  necessary  to 
bring  the  whole  mass  of  the  liquor  up  to  the  mark  3000  water-grains'  measures,  in 
which  the  natrometer  being  again  immersed,  the  minute  quantity  of  soda  indicated 
should  be  added  to  the  per-centage  found  by  the  first  operation. 

69.  If  a  great  degree  of  accuracy  is  required,  the  fractions  of  degree-of  the  instru- 
ment must  be  taken  account  of;  otherwise  they  may  be  neglected  without  the  result 
being  materially  affected,  since  3  degrees  of  the  scale  of  temperature  correspond  only 
to  about  1  per  cent,  of  soda. 

70.  For  commercial  purposes,  the  process  maybe  slightly  varied.as  follows:  — 
Take  500  grains  of  a  fair  average  sample  of  the  potash  to  be  examined,  pre- 
viously reduced  to  powder,  and  throw  them  into  a  flask,  a  {fig.  33),  capable  of 
containing  about  6000  grains  of  water  ;  pour  upon  them  about  2000  grains  of  water, 
and  shake  until  dissolved.   Add  now  sulphuric  acid  thereto  ;  this  will  produce  a  smart 
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efifervescence,  and  in  all  probability  a  deposit  of  sulphate  of  potash.  We  say  m  all 
probabiUty,  because  it  is  clear  that  if  the  potash  in  question  is  33 
largely  adulterated  with  soda,  or  was  altogether  nothing  else 
than  carbonate  of  soda,  as  has  occasionally  happened,  it  is 
evident  that  no  deposit  of  sulphate  of  potash  would  take  place  ; 
and  yet  as  it  is  necessary  to  the  success  of  the  operation  that 
the  liquor  should  contain  an  excess  of  this  latter  salt,  a  certain 
quantity  of  it  previously  reduced  to  fine  powder  must  in  that 
case  be  purposely  added  to  the  solution. 

71.  After  the  disengagement  of  gas  has  ceased,  it  is  neces- 
sary to  pour  the  dilute  acid  cautiously,  and  only  drop  by  drop, 
until  the  neutralising  point  is  correctly  hit,  which  will  be 
known  as  usual  by  testing  with  litmus-paper.  But  if,  by  acci- 
dent, too  much  acid  have  been  used,  which  is  known  by  the 
reddening  of  the  litmus-paper,  the  slight  overdose  may  be  neu- 
tralised by  adding  a  small  quantity  of  weak  solution  of  potash. 

72.  As  this  reaction  produces  heat,  it  is  neccesary  to  lower 
the  liquor  down  to  the  temperature  of  the  atmosphere,  decant 
in  a  filter  placed  over  the  glass  cylinder,  and  fill  it  up  to  the 
scratch  3000,  by  washing  the  residue  on  the  filter  with  a  satu- 
rated solution  of  sulphate  of  potash,  exactly  as  described  in  §  63. 

73.  The  glass  cylinder  being  properly  filled  up  to  the  scratch, 
remove  the  funnel,  close  the  orifice  of  the  glass  cylinder  with 
the  palm  of  the  hand,  and  shake  the  whole  violently  ;  holding 
the  natrometer,  which  should  be  perfectly  clean,  by  its  upper 
extremity,  slowly  immerse  it  in  the  solution.  If  the  potash 
under  examination  be  pure,  the  pink  scale  wUl  indicate  the 
degree  of  temperature  at  which  the  experiment  has  been  made, 
taking  the  under  line  as  the  true  level  of  the  liquid  ;  but  if,  on 
the  contrary,  it  contains  soda,  the  pink  scale  of  temperatures  will  indicate  a  few 
degrees  more  than  the  real  temperature,  and  this  surplus  number  of  degrees,  being 
compared  with  those  of  the  soda  scale  contiguous  to  it,  on  the  opposite  side,  will 
express  the  per-centage  of  soda  present  in  the  sample. 

74.  For  example  :  —  Suppose  the  experiment  to  have  been  made  at  +  12°  Centigrade 
and  to  have  given  a  solution  marking  25°  on  the  pink  scale  of  temperatures  of  the 
natrometer,  that  is  13^  more  than  the  real  temperature;  —  looking  therefore  at 
number  13  on  the  pink  scale  of  temperature,  it  will  be  seen  that  the  number  exactly 
opposite  on  the  soda  scale,  and  corresponding  to  it,  is  4,  which  indicates  that  the 
sample  of  potash  examined  contains  4  per  cent,  of  soda. 

It  is  important  to  bear  in  mind  that  all  commercial  potashes  contain  naturally  a 
small  quantity  of  soda,  which  quantity,  in  certain  varieties,  may  even  be  considerable  : 
it  is  only  when  the  proportion  of  soda  is  more  considerable  than  that  which  is 
naturally  contained  in  the  species  of  potash  submitted  to  analysis,  that  it  should  be 
considered  as  fradulently  added.  The  following  Table,  published  by  M.  Pesier,  shows 
the  average  composition  of  the  principal  varieties  of  potash  found  in  commerce,  when 
in  an  unadulterated  state. 

Average  Composition  of  Potashes. 


Sulphate  of  potash 
Chloride  of  potassium 
Carbonate  of  potash  - 
Carbonate  of  soda  (dry) 
Insoluble  residue 
Moisture    -      -  - 


Phosphoric  acid,  lime,  silica,  &c. 


Alkalimelric  degrees  - 


13-47 
0-96 

74-10 
3-01 
0-G5 
7-28 


0-54 


100-00 


i)6- 


14-11 

2-  09 
69-61 

3-  09 
1-21 
8-82 


1'07 


100-00 


53-1 


15-32 
8-16 
68-07 
6-85 
3-35 
unde- 
ter- 
mined 
ditto 


55 


14-38 

3-  64 
71-38 

2-31 
0-44 

4-  56 


3-29 


10000 


54-4 


Potashes  oljtained 
in  the  Laboratory 
by  calcininK. 


38-84 
916 
38-63 

4-  17 
2-66 

5-  34 


1-20 


100-00 


31-6 


193 

2°s 


4-27 
18-17 
51-83 
24-17 


1-56 


100-00 


60 


2-9S 
19-69 
63-90 
23-17 


0-2G 


100-00 


69-7 


-a  o 
►,•3 

%1 


1851. 


16-19 
33-89 
26-04 
19-60 


3-68 


•CI  A  « 
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1-50 
1-60 
89-95 
8-12 

0-.50 


1-33 


100-00  100-00  10000 


1855. 


0*0) 


0-  70 

1-  70 
95-24 

2-  12 


0-24 


36-5  68-5 


69-5 
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./'^•'^'^^  '^l^o-^imetrkal  assay  of  soda -is  performed  exactly  in  the  samp  m!,nT,„. 

Slf^!^^'''''-'^*!^'°  Fromafair'average  sample  of  the  sodaTbe^b/d' 
take  1000  grams'  weight,  (or  less  if  that  quantity  cannot  be  spared,)  and  boifit  6^0; 
SIX  minutes  m  about  eight  fluid  ounces  of  water,  filter  in  order  to  Sparafe  the 
nsoluble  portion,  and  wash  the  residue  on  the  filter  with  boiling  water  u„,il  it  no 
onger  drops  from  the  filter  with  an  alkaline  reaction,  and  the  buTk  of  the  filtered 

^rstr  ^hUrttKt^^^^^^^^^^ 

=t^X"h:kt?nt^^^^^^^  ^--^  that^ua^^r^sL^^-:— 

76.  This  being  done,  1000  water-grains'  measure— that  is  to  say,  J.th  part  of  the 
aqueous  solution  of  the  soda  ash  above  mentioned  (§  75)-are  fransferred  fo  he 
glass  beaker  or  vessel  m  which  the  saturation  is  intended' to  take  place,  itTs  tinged 
distmctly  blue  with  tincture  of  litmus,  and  the  operation  is  performed  in  the  same 

TCuL7^tXX  ft-  'T'  ^'^T'T'  P°'^^^'  beaker  contain'g 

the  blue  alkaline  solution  being  placed  upon  a  sheet  of  white  paper,  or  a  slab  of  whit! 
porcelain,  the  better  to  observe  the  change  of  colour  which  tak^s  place  when  the 
saturating  point  is  approaching.  ^    c  nutu  me 

77.  Having  put  into  a  glass  beaker  the  1000  grains'  measure  of  the  aqueous  solu- 
1°"  /  examined  (§  75),  and  if  the  test  sulphuric  acid  for  soda, 
described  before  (§§  23-27)  the  alkalimeter,  fig.  23,  24,  or  25,  should  be  filled 
with  that  test  acid  up  to  the  point  marked  0°  (taking  the  under  line  of  the  Uquid  as  the 
true  evel),  and  poured  therefrom  with  the  precaution  already  indicated,  stirring 
briskly  at  the  same  time,  the  liquid  in  the  beaker.  As  is  the  case  with  the  alkali- 
metrical  assay  of  potash,  the  carbonic  acid  expelled  by  the  test  acid  reacting  upon  the 
as  yet  undecomposed  portion  of  the  soda  ash,  converts  it  into  bicarbonate  of  soda  so 
that  at  first  no  effervescence  is  produced  ;  but  as  soon  as  half  the  quantity  of  the  soda 
in  the  solution  is  saturated,  a  brisk  effervescence  takes  place.  At  first,  therefore,  the 
operator  may  pour  at  once,  without  fear,  a  pretty  large  quantity  of  the  test  acid 'into 
the  alkaline  solution,  but  as  soon  as  this  effervescence  makes  its  appearance  he  should 
proceed  with  increased  precaution  gradually  as  the  saturating  point  is  approached. 
The  modus  operandi  is,  in  fact,  precisely  as  already  detailed  for  the  assay  of  potash, 
precisely  the  same  kind  and  amount  of  care  is  requisite,  and  the  assay  is  known  to  be 
terminated  when  the  streaks  made  upon  the  litmus-paper  with  the  stirring  rod  re- 
main distinctly  and  permanently  of  a  pink  colour. 

78.  After  saturation,  and  after  having  allowed  the  sides  of  the  alkalimeter  to  drain, 
the  number  of  divisions  at  which  the  test  acid  stands  in  the  alkalimeter  indicate  at 
once  the  per-centage  of  the  soda  assayed,  since,  as  we  said,  each  division  of  this  par- 
ticular test  acid  represents  one  grain  of  pure  soda.  If,  therefore,  the  test  acid  stands 
at  52  in  the  alkalimeter,  then  the  soda  assayed  contained  52  per  cent,  of  real  soda. 
See,  besides,  the  observations  of  §  48  and  following,  and  also  §  81. 

79.  If,  instead  of  the  special  test  acid  for  soda  just  alluded  to,  the  operator  em- 
ploys that  which  has  a  specific  gravity  of  1-032,  and  100  alkalimetrical  divisions  of 
which  saturate  one  equivalent  of  each  base,  the  modus  operandi  is  the  same— that  is  to 
say,  the  alkalimeter  is  filled  with  it  up  to  0°,  and  it  is  poured  therefrom  carefully  into 
the  alkaline  solution  ;  but  as  the  equivalent  of  soda  is  31,  and  100  alkalimetrical 
divisions  of  the  test  sulphuric  acid  now  employed  are  capable  of  saturating  only  that 
quantity  of  soda,  it  is  clear  that  with  the  soda  ash  taken  as  an  example  in  the  pre- 
ceding case,  and  containing  52  per  cent,  of  real  soda,  the  operator  will  have  to  refil  his 
alkalimeter  with  the  same  test  acid,  and  that  a  certain  number  of  divisions  of  this 
second  filling  wOl  have  to  be  employed  to  perfect  the  saturation.  In  this  instance 
the  operator  will  find  that  nearly  68  divisions  more,  altogether  168  divisions  (cor- 
rectly, 167°-74)  have  been  required  to  effect  the  saturation. 

80.  If,  instead  of  the  special  test  sulphuric  acid  for  soda  (§§  23-27),  or  the  test 
sulphuric  acid  for  potash,  soda,  and  other  bases  (§§  31-34),  the  operator  uses  the 
potash  and  soda  alkalimeter  (§§28-35),  the  method  is  always  the  same  (§§  74,  75) — 
that  is  to  say,  the  aqueous  solution  of  the  soda  ash  is  poured  into  the  glass  beaker, 
the  difference  being  merely,  that  instead  of  the  alkalimeter  being  quite  filled  up 
with  the  test  sulphuric  acid,  which,  in  the  present  instance,  has  a  specific  gravity  of 
1-268  (§  29),  the  said  test  acid  is  poured  into  the  alkalimeter  only  up  to  the  point 
marked  "  soda  "  (taking  the  under-line  of  the  liquid  as  the  true  level),  and  the  re- 
maining divisions  of  the  alkalimeter  are  carefully  filled  up  with  water.  The  mouth 
of  the  tube  should  then  be  thoroughly  closed  with  the  thumb  of  the  left  hand,  and 
the  whole  violently  shaken  until  perfectly  mixed,  taking  great  cure,  of  course,  not  to 
squirt  any  of  the  acid  out  of  the  tube,  which  evidently  would  cause  an  amount  of 
error  proportionate  to  the  quantity  of  the  test  acid  whicli  would  have  thus  been  lost. 
The  acid  should  then  be  poured  from  the  alkalimeter  with  the  usual  precaution 


ALKALIMETRY. 


83 


rS  76^  into  the  class  beaker  containing  the  aqueous  solution  of  the  soda  ash  under 
examination,  until  complete  neutralisation  is  attained,  stirring  bnskly  all  the  time,  or 
after  each  addition  of  the  test  acid.  The  neutralisation  point  being  hi  ,  the  sides  of 
the  alkalimeter  are  allowed  to  drain,  and  the  operator  then  reads  off  the  number  of 
divisions  employed,  which  number  indicates  the  per-centage  of  real  soda  contained  m 
the  sample  assayed.  Thus,  if  the  sample  operated  upon  be  the  same  as  that  alluded 
to  before,  the  number  of  divisions  employed  being  52  would  indicate  52  per  cent,  ot 

real  soda.  „     -,    ■    ^i.  i 

81.  If  the  operator  wishes  to  estimate  the  amount  of  soda  m  the  sample  as  car- 
bonate of  soda,  he  should  fill  the  alkalimeter  with  the  test  acid  in  question  (specific 
gravity'  1268)  up  to  the  point  marked  carbonaLe  of  soda,  and  fill  the  remaining 
divisions  with  water,  shake  the  whole  well,  and  proceed  with  the  neutralisation  of  the 
aqueous  solution  of  the  sample  in  the  glass  beaker  as  just  described.  Supposing,  as 
before,  that  the  sample  in  question  contains  52  per  cent,  of  real  soda,  it  will  now  be 
found  that  the  number  of  divisions  employed  altogether  to  saturate  the  sample  com- 
pletely are  very  nearly  89,  for  52  of  caustic  soda  correspond  to  88'90  of  the  carbonate 
of  that  alkali. 

82.  If  the  soda  ash  is  very  poor,  instead  of  operating  upon  1000  water- grains' 
measure,  or  one-tenth  part  of  the  whole  solution  (=  100  grains'  weight  of  the  soda 
ash,  §§  76-77),  it  is  advisable  to  take  three  or  fom-  thousand  water-grains'  measure  of 
the  alkaline  solution,  and  to  divide,  by  three  or  four,  the  result  obtaiued  by  saturation. 
Suppose,  for  example,  that  the  quantity  of  real  soda  found  is  46  ;  this,  if  only  1000 
grains'  measure  had  been  taken,  would,  of  course,  indicate  46  per  cent.  ;  but  as  4000 
water-grains'  measure  of  solution  have  been  taken  instead,  that  number  46  must,  ac- 
cordingly, be  divided  by  4,  which  gives  11^  per  cent,  only  of  real  soda  contained  in 
the  sample  under  examination. 

83.  The  soda  ash  of  commerce  contains  generally  a  per-centage  of  insoluble  sub- 
stances, which  are  removed  by  filtering,  as  we  said,  and  a  greater  or  less  quantity  of 
chloride  of  sodium  (common  salt)  and  of  sulphate  of  soda,  which,  however,  do  not  in 
the  slightest  degree  interfere  with  the  accuracy  of  the  result.  But  there  is  a  source 
of  error  resulting  from  the  presence  in  the  soda  ash  of  sulphuret  of  calcium,  of  sulphite, 
and  sometimes  also,  though  more  rarely,  of  hyposulphite,  of  soda.  When  sulphuret  of 
calcium  is  present  in  the  ash,  on  heating  the  latter  by  hot  water,  a  double  decompo- 
sition takes  place,  the  sulphuret  of  calcium,  reacting  upon  the  carbonate  of  soda,  forms 
sulphuret  of  sodium  and  carbonate  of  lime.  Now  sulphuret  of  sodium  saturates  the 
test  acid  just  as  carbonate  of  soda  ;  but  as  it  has  no  commercial  value,  it  is  clear  that 
if  the  ash  contains  a  quantity  of  the  useless  sulphuret  at  all  considerable,  a  very  serious 
damage  may  be  sustained  by  the  purchaser  if  the  per-centage  of  that  substance  present 
in  the  ash  be  taken  account  of  as  being  soda.  Sulphite  of  soda  is  produced  from  the 
oxidisation  of  this  sulphuret  of  sodium,  and  is  objectionable  inasmuch  that  when  the 
test  acid  is  added  slowly  to  the  aqueous  solution  of  the  ash,  the  effect  is  to  convert 
the  sulphite  into  bisulphite  of  soda,  before  any  evolution  of  sulphurous  acid,  and 
consequently  before  the  pink  reaction  on  litmus-paper  is  produced. 

84.  In  order  to  obviate  the  inaccuracies  resulting  from  the  neutralisation  of  a  portion 
of  the  test  acid  by  these  substances,  it  is  necessary  to  convert  them  into  sulphates  of 
soda,  which  is  easily  done  by  calcining  a  quantity  of  the  sample  with  five  or  six 
per  cent,  of  chlorate  of  potash,  as  recommended  by  Gay-Lussac  and  Welter.  The 
operator,  therefore,  should  intimately  mix  50  or  60  grains'  weight  of  pulverised 
chlorate  of  potash  with  1000  grains  of  the  pulverised  sample,  and  fuse  the  mixture  in 
a  platinum  crucible,  for  which  purpose  a  blowpipe  gas-furnace  will  be  found  ex- 
ceedingly convenient.  The  fused  mass  should  be  washed,  and  the  filtrate  being 
received  into  a  10,000  water-grains'  measure,  and  made  up  with  water  to  occupy  that 
bulk,  may  then  be  assayed  in  every  respect  as  described  before  with  one  or  other 
of  the  test  acids  mentioned. 

85.  When,  however,  the  soda  ash  contains  some  hyposulphite  of  soda— which  for- 
tunately is  seldom  the  case,  for  this  salt  is  very  difficultly  produced  in  presence  of  a 
■very  large  excess  of  alkali — it  should  not  be  calcined  with  chlorate  of  potash,  because 
in  that  case  one  equivalent  of  hyposulphite  becomes  transformed  not  into  one  equivalent 
of  sulphate,  but,  reacting  upon  one  equivalent  of  carbonate  of  soda,  expels  its  carbonic 
acid,  and  forms  with  the  soda  of  the  decomposed  carbonate  a  second  equivalent  of  sul- 
phate of  soda,  each  equivalent  of  hyposulphite  becoming  thus  converted  into  two 
equivalents  of  sulphate,  and  therefore  creating  an  error  proportionate  to  the  quantity 
of  the  hyposulphite  present,  each  equivalent  of  which  would  thus  destroy  one  equi- 
valent of  real  and  available  alkali,  and  thus  render  the  estimation  of  the  sample 
inaccurate,  and  possibly  to  a  very  considerable  extent.  , 

86.  When  this  is  the  case,  it  is  therefore  advisable,  according  to  Messrs.  Fordos  and 
Gelis,  to  change  the  condition  of  the  sulphurets,  sulphites,  and  hyposulphites  by  add- 
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ing  a  little  neutral  chromate  of  potash  to  the  alkaline  solution,  whence  results  sul 
phate  ot  chromium,  water,  and  a  separation  of  sulphur,  which  will  not  affect  the  accu- 
racy ot  the  alkallmetrical  process. 

87.  Whether  the  sample  to  be  analysed  contains  any  sulphuret,  sulphite,  or  hypo- 
sulphite, IS  easily  ascertained  as  follows:— If,  on  pouring  suli)huric  acid  upon  a  por- 
tion of  the  sample  of  soda  ash  under  examination,  an  odour  of  sulphuretted  hydrosen 
—that  IS,  an  of  odour  rotten  eggs— is  evolved,  or  if  a  portion  of  the  soda  ash,  beine 
dissolved  m  water,  and  then  filtered,  produces  a  Ijlac/i  precipitate  (sulphuret  of 
lead)  when  solution  of  acetate  of  lead  is  poured  into  it,  then  the  sample  contains  a 
sulphuret. 

88.  And  if,  after  adding  to  some  dUute  sulphuric  acid  as  much  bichromate  of 
potash  as  is  necessary  to  impart  to  it  a  distinct  -reddish-yellow  tinge,  and  a  certain 
quantity  of  the  solution  of  the  soda  ash  under  examination  being  poured  into  it 
but  not  in  sufficient  quantity  to  neutralise  the  acid,  the  reddish-yellow  colour 
becomes  green,  it  is  a  proof  that  the  sample  contains  either  sulphite  or  hyposuljDhite 
of  soda,  the  green  tinge  being  due  to  the  transformation  of  the  chromic  acid  into 
sesquioxyde  of  chromium. 

89.  And  if,  muriatic  acid  being  poured  into  the  dear  solution  of  the  soda  ash,  a 
turbidness  supervenes  after  some  time  if  left  at  rest,  or  at  once  if  heat  is  applied,  it 
is  due  to  a  deposit  of  sulphur,  an  odour  of  sulphmous  acid  being  evolved,  and  hy- 
posulphite of  soda  is  probably  present.  We  say  probably,  because  if  sulphurets  and 
sulphites  are  present,  the  action  of  muriatic  acid  would  decompose  both,  and  liberate 
sulphuretted  hydrogen  and  sulphurous  acid  ;  but  as  these  two  gases  decompose  each 
other,  a  turbidness  due  to  a  separation  of  sulphur  is  also  formed  ;  thus  2H  S  +  S 

=  2H0  +  2S. 

90.  As  we  have  already  had  occasion  to  remark,  the  soda  ash  of  commerce 
frequently  contains  some,  and  occasionally  a  large  quantity  of  caustic  soda,  the  pro- 
portion of  which  it  is  at  times  important  to  determine.  This  may  be  done,  according 
to  Mr.  Barreswill,  by  adding  a  solution  of  chloride  of  barium  to  the  aqueous  solution 
of  the  soda  ash,  by  which  the  carbonate  of  soda  is  converted  into  carbonate  of  barytes, 
whilst  the  caustic  soda,  reacting  upon  the  chloride  of  barium,  liberates  a  quantity  of 

caustic  barytes  proportionate  to  that  of  the  caustic  soda 
in  the  soda  ash.  After  this  addition  of  chloride  of  barium, 
the  liquor  is  filtered  in  order  to  separate  the  precipitated 
carbonate  of  barytes  produced,  and  which  remains  on  the 
filter,  on  which  it  should  be  washed  with  pure  water.  A 
few  lumps  of  chalk  are  then  put  into  a  Florence  flask,  a,  and 
some  muriatic  acid  being  poured  upon  it,  an  effervescence 
due  to  a  disengagement  of  carbonic  acid  is  produced,  the 
flask  is  then  closed  with  a  good  cork,  provided  with  a  bent 
tube,  b,  reaching  to  the  bottom  of  the  vessel  c,  and  the 
stream  of  carbonic  acid  produced  is  then  passed  through 
the  liquor  c,  filtered  from  the  carbonate  of  barytes  above 
mentioned.  The  stream  of  carbonic  acid  produces  a  pre- 
cipitate of  carbonate  of  barytes,  which  should  be  also 
collected  on  a  separate  filter,  washed,  dried,  and  weighed. 
Each  grain  of  this  second  precipitate  of  carbonate  of  barytes  corresponds  to  0-3157 
of  caustic  soda. 

91.  As  the  soda  ash  of  commerce  almost  invariably  contains  earthy  carbonates,  the 
sample  operated  upon  should  always  be  dissolved  in  hot  water,  and  filtered  in  order 
to  separate  the  carbonate  of  lime  which  otherwise  would  saturate  a  proportionate 
quantity  of  the  test  acid,  and  thus  render  the  analysis  worthless. 

92.  The  quantity  of  water  contained  in  either  potash  or  soda  ash  is  ascertained  by 
heating  a  weighed  quantity  of  the  sample  to  redness  in  a  covered  platinum  capsule  or 
crucible.  The  loss  after  ignition  indicates  the  proportion  of  water.  If  any  caustic 
alkali  is  present,  1  equivalent,  =9  of  water,  is  retained,  which  cannot  be  thus  elimi- 
nated, but  which  may,  of  course,  be  determined  by  calculation  after  the  proportion  of 
caustic  soda  has  been  found,  as  shown  before,  each  31  grams  of  caustic  soda  contain- 
ing 9  grains  of  water. 

93.  Besides  the  alkallmetrical  processes  which  have  been  explained  in  the  preceding 
pages,  the  proportion  of  available  alkali  contained  in  the  sample  may  be  estimated 
from  the  amount  of  carbonic  acid  which  can  be  expelled  by  supersaturating  the  alkali 
with  an  acid.  The  determination  of  the  value  of  alkalis  from  the  quantity  of  car- 
bonic acid  thus  evolved  by  the  supersaturation  of  the  carbonate  acted  upon  has  long 
been  known.  Dr.  Ure,  in"  the  "  Annals  of  Philosophy,"  for  October,  1817,  and  then 
in  his  "  Dictionary  of  Chemistry,"  1821,  and  more  recently  in  his  pamphlet  "Che- 
mistry Simplified,"  described  several  instruments  for  analysing  earthy  and  alkaline 
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carbonates,  and  for  a  description  of  ^vhich  the  reader  is  referred  to  the  article  on 
AciDiBiETRY.  The  ingenious  little  apparatus  of  Drs.  Fresenius  and  Will  for  the  same 
purpose,  and  to  which  we  have  already  alluded  in  the  same  article,  gives  accurate 
results  :  but  it  should  be  observed  that  when  the  potash  or  soda  of  commerce  contains 
any  caustic  alkali,  or  bicarbonate,  or  earthy  carbonates,  or  sulphuret  of  alkali— which, 
as  we  have  seen,  is  frequentlv,  and,  indeed,  almost  invariably,  the  case,  the  process  is 
no  longer  applicable  without'first  submitting  the  sample  to  several  operations— which 
render  this  process  troublesome  and  unsuited  to  unpractised  hands.  Thus,  if  caustic 
potash  is  present,  the  sample  must  be  first  mixed  and  triturated  with  its  own  weight  of 
pure  quartzose  sand  and  about  one-third  of  its  weight  of  carbonate  of  ammonia.  The 
mass  is  then  moistened  with  aqueous  ammonia,  and  then  put  into  a  small  iron  capsule 
and  evaporated  to  dryness,  so  as  to  expel  completely  the  ammonia  and  carbonate  of 
ammonia.  The  mass  is  then  treated  by  water,  filtered,  washed,  and  concentrated  to 
a  proper  bulk  by  evaporation,  transferred  to  the  apparatus,  and  treated  as  will  be  seen 
presently.  If  the  sample  contains  caustic  soda,  instead  of  one-third,  at  least  half 
of  its  weight  of  carbonate  of  ammonia  should  he  employed.  But  for  the  estimation 
of  pure  carbonates,  Di's.  Fresenius  and  Will's  method  is  both  accurate  and  easy.  The 
apparatus  consists  of  two  flasks,  a  and  b  ;  the  first  should 
have  a  capacity  of  from  two  to  two  ounces  and  a  half ;  the  35 
second,  or  flask  b,  should  be  of  a  somewhat  smaller  size, 
and  hold  about  one  and  a  half  or  two  ounces.  Both  should 
be  provided  with  perfectly  sound  corks,  each  perforated 
with  two  holes,  through  which  the  tubes  a,  c,  d  are  pass- 
ing. The  lower  extremity  of  the  tube  a  must  be  ad- 
justed so  as  to  reach  nearly  to  the  bottom  of  the  flask  a, 
and  its  upper  extremity  is  closed  by  means  of  a  small 
pellet  of  wax,  6 ;  c  is  a  tube  bent  twice  at  right  angles, 
one  end  of  which  merely  protrudes  through  the  cork 
into  the  flask  a,  but  the  other  end  reaches  nearly  to  the 
bottom  of  the  flask  b.  The  tube  d  of  the  flask  b  merely 
protrudes  through  the  cork  into  the  flask. 

95.  The  apparatus  being  so  constructed,  a  certain 
quantity — 100  grains,  for  example — of  the  potash  or 
soda  ash  under  examination  (and  which  may  have  been 
previously  dried)  is  weighed  and  introduced  into  the 
flask  A,  and  water  is  next  poured  into  this  flask  to  about  one-third  of  its  capacity 
Into  the  other  flask,  or  flask  b,  concentrated  ordinary  sulphuric  acid  is  pouredi 
and  the  corks  are  firmly  put  in  the  flasks,  which  thus  become  connected,  so  as  to 
form  a  twin-apparatus,  which  is  then  carried  to  a  delicate  balance,  and  accurately 
weighed.  This  done,  the  operator  removes  the  apparatus  from  the  balance,  and 
applying  his  lips  to  the  extremity  of  the  tube  d,  sucks  out  a  few  air-bubbles,  which, 
as  the  other  tube,  a,  is  closed  by  the  wax  pellet,  rarefies  the  air  in  the  flask  a,  and 
consequently  causes  the  sulphuric  acid  of  flask  b  to  ascend  a  certain  height  (after  the 
suction)  into  the  tube  c  ;  and  if,  after  a  short  time,  the  column  of  sulphuric  acid  main- 
tains its  height  in  the  tube  c,  it  is  a  proof  that  the  apparatus  is  air-tight,  and  therefore 
as  it  should  be.  This  being  ascertained,  suction  is  again  applied  to  the  extremity  of 
the  tube  d,  so  that  a  portion  of  the  sulphuric  acid  of  the  flask  b  ascends  into  the  tube  c, 
and  presently  falls  into  the  flask  a,  the  quantity  which  thus  passes  over  being,  of  course, 
proportionate  to  the  vacuum  produced  by  the  suction.  As  soon  as  the  acid  thus  falls  in 
the  water  containing  the  alkaline  carbonate  iu  the  flask  a,  an  effervescence  is  imme- 
diately produced,  and  as  the  carbonic  acid  disengaged  must,  in  order  to  escape,  pass, 
by  the  tube  c,  through  the  concentrated  sulphuric  acid  of  the  flask  b,  it  is  thereby 
completely  dried  before  it  can  finally  make  its  exit  through  the  tube  d.  The  effer- 
vescence having  subsided,  suction  is  again  applied  to  the  tube  d,  in  order  to  cause  a 
fresh  quantity  of  sulphuric  acid  to  flow  over  into  the  flask  a,  as  before  ;  and  so  on, 
till  the  last  portion  of  sulphuric  acid  sucked  over  produces  no  effervescence,  which 
indicates,  of  course,  that  all  the  carbonate  is  decomposed,  and  that,  consequently,  the 
operation  is  at  an  end.  A  powerful  suction  is  now  applied  to  the  tube  d,  in  order  to 
cause  a  tolerably  large  quantity  of  sulphuric  acid,  but  not  all,  to  flow  into  the  flask  a 
which  thus  becomes  very  hot,  from  the  combination  of  the  concentrated  acid  with  the 
water,  so  that  the  carbonic  acid  is  thereby  thoroughly  expelled  from  the  solution. 
The  little  wax  pellet  which  served  as  a  stopper  is  now  removed  from  the  tube  d,  and 
suction  applied  for  some  time,  in  order  to  sweep  the  flasks  with  atmospheric  airi  and 
thus  displace  all  the  carbonic  acid  in  the  apparatus,  which  is  allowed  to  become '(/ui7e 
cold,  and  weighed  again,  together  with  the  wax  pellet,  the  difference  between  the  first 
and  the  second  weighing— that  is  to  say,  the  loss— indicating  the  quantity  of  carbonic 
acid  which  was  contained  in  the  carbonate,  which  has  escaped,  and  from  -vi  hich  of 
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coui-se,  the  quantity  of  tlie  carbonated  alkali  acted  upon  may  be  calculated  Sunnns^ 
m  efiect,  that  the  loss  is  19  grains  :  taking  the  caicuiatea.  Suppose, 

Equivalent  of  soda     -       -       -       -       -       _  -=31 
do         carbonic  acid       -       -       -       .       -  =22 

1  equivalent  of  carbonate  of  soda      -       .  =53^ 

it  is  clear  that  the  19  grains  of  carbonic  acid  which  have  been  expelled  represent 
45'77  grains  of  carbonate  of  soda,  or,  in  other  words,  100  grains  of  soda  ash  operated 
upon  contamed  45-77  of  real  carbonate  of  soda,  thus  :  

C0=    NaO'CO'    CO'  NaO' CO' 

22     :     53     ::     19     :     a:    =  45-77 

9G.  As  the  soda  ash  of  commerce  always  contains  earthy  carbonatt  s,  and  very  fre- 
quently sulphurets,  sulphites,  and  occasionally  hyposulphites,  instead  of  putting  the 
100  grains  to  be  operated  upon  directly  into  the  flask  a,  it  is  absolutely  necessary 
first  to  dissolve  them  in  boiling  water,  to  filter  the  solution,  and  to  wash  the  precipi- 
tate which  may  be  left  on  the  filter  with  boiling  water.  The  solution  and  the  wash- 
ings being  mixed  together,  should  then  be  reduced  by  evaporation  to  a  proper  volume 
for  introduction  into  the  flask  a,  and  the  process  is  then  carried  on  as  described.  If 
sulphuret,  sulphites,  or  hyposulphites  are  present,  the  ash  should  be  treated  exactly 
as  mentioned  in  §§  83-91,  previous  to  pouring  the  solution  into  the  flask  a,  since 
otherwise  the  sulphuretted  hydrogen  and  sulphurous  acid,  which  would  be  disengaged 
along  with  the  carbonic  acid,  would  apparently  augment  the  proportion  of  the  latter, 
and  render  the  result  quite  erroneous.  ' 

97.  The  balance  used  for  this  mode  of  analysis  should  be  capable  of  indicatin'^ 
small  weights  when  heavily  laden. — A.  N. 

ALKALINE  EARTHS  —  Bakytes,  Lime,  and  Strontia.  These  earths  are  so 
called  to  distinguish  them  from  the  earths  Magnesia  and  Alumina.  They  are  soluble 
in  water,  but  to  a  much  less  extent  than  the  alkalies.  Their  solutions  impart  a  brown 
colour  to  turmeric  paper,  and  neutralise  acids.  They  are,  however,  distinguished 
from  the  alkalies  by  their  combination  with  carbonic  acid,  being  nearly  insoluble  in 
water. 

ALKANET,  the  Root  of,  {Orcanette,  Er.;  Orkanet,  Germ.),  Anclmsa  tinctoria, 
A  species  of  bugloss,  or  borage  worts,  cultivated  in  the  neighbourhood  of  Montpellier 
and  in  the  Levant.  It  is  sometimes  called  the  bugloss  of  Languedoc,  or  the  dyer's 
bugloss.  The  anchusa  is  a  rough  plant,  with  downy  and  spear-shaped  leaves,  and 
clusters  of  small  purple,  or  reddish  flowers,  the  stamens  of  which  are  shorter  than  the 
corolla.  It  affords  a  fine  red  colour  to  alcohol  and  oils,  but  a  dirty  red  to  water.  Its 
principal  use  is  for  colouring  ointments,  oils,  and  pommades.  The  spirituous  tincture 
gives  to  white  marble  a  beautiful  deep  stain  ;  but,  usually,  wax  is  coloured  with  the 
anchusa,  and  it  is  applied  to  the  surface  of  warm  marble.  It  stains  it  flesh-colour, 
and  the  stain  sinks  deep  into  the  stone. 

Alkanet  root  was  analysed  by  Dr.  John,  who  found  the  constituents  to  be  z.  peculiar 
colouring  matter  (pseudo-alkanium),  5'50 ;  extractive,  1-00;  gum,  6'25;  matters 
extracted  by  caustic  potash,  65-00;  woody  fibre,  18-00. 

The  colouring  matter  resides  in  the  cortical  part  of  the  root,  and  was  regarded  by 
Pelletier  as  a  kind  of  fatty  acid  (anchusic  acid)  ;  but  it  is  now  usually  considered  to 
be  a  resinoid  (anchusine'),  whose  composition  is  C^*  H'°  O'. 

1855.  1856. 
Our  Imports  of  alkanet  root  were       -       63  cwts.       -       194  cwts. 

AL-KENNA,  or  AL-HENNA,  is  the  name  of  the  root  and  leaves  of  Laiosonia 
inermis,  which  have  been  long  employed  in  the  East  to  dye  the  nails,  teeth,  hair, 
garments,  &c.  The  leaves,  ground  and  mixed  with  a  little  limewater,  serve  for 
dyeing  the  tails  of  horses  in  Persia  and  Turkey. 

It  is  the  same  as  the  herb  Hama  frequently  referred  to  by  the  Oriental  poets. 
The  powder  of  the  leaves,  being  wet,  forms  a  paste,  which  is  bound  on  the  nails  for  a 
night,  and  the  colour  thus  given  will  last  for  several  weeks. 

This  plant  is  sometimes  called  the  true  alkanet  root,  the  alkanet  of  the  shops  being 
termed  the  spurious  alkanet  root  {radix  alkannrB  spwice). 

ALLIGATION.  An  arithmetical  formula,  useful  on  many  occasions  for  ascertain- 
ing the  proportion  of  constituents  in  a  mixture,  when  they  have  undergone  no  change 
of  volume  by  chemical  action,  or  for  finding  the  price  or  value  of  compounds  consist- 
ing of  ingredients  of  different  values.  Thus,  if  a  quantity  of  sugar  worth  StI.  the 
pound,  and  another  quantity  worth  lOd.,  arc  mixed,  the  question  to  be  solved  by 
alligation  is,  what  is  the  value  of  the  mixture  by  the  pound.    Alligation  is  of  two 
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^mis-medial  and  aUemale;  medial,  when  the  rate  of  mixture  \  s6nght  from  the 

raS  and  Quantities  of  the  si^iples ;  alternate,  when  the  quantities  of  tlie  s.mpLes  are^  

sou4t  from  the  ra  es  of  the  simple^  and  the  rate  of  the  in.xture.-TFc'6.fer  .  wy,-,^.  HQUSiv 
AliYoLE    One  of  the  hydrocarbons  which  can  be  obtained  from  naphthaT~.4l^8mn^ 
or^fof  the  m^st  volatile  of  bodies.    Alliole  is  obtained  by  distilling  crude  naphtha, 
^nd    lltti'g  all  tS^         the  still  in  the  fi-t.,ftillation  before  the  boihng^^^^^ 
rature  reaches  194°F.;  and  on  the  second  distillation,  all  below  176°F.    ihis  sub- 
ton  e  combines  with,  ^r  is  altered  by,  oil  of  vitriol,  and  hence  it  is  better  obtained 
f  om  the  crude  naphtha,  and  afterwards  purified  by  agitation  with  dilute  sulphuric 
or  hydrochloric  acid,  and  redistillation.    It  boils,  when  near  y  free  from  benzole,  at  a 
temperature  of  from  140°  to  158°  F.,  and  possesses  an  aUiaceous  odour  somewhat 
resemblinff  sulphide  of  carbon. — Bichardson.  v     ^  • 

ALLOTROPY  Allotropic  Condition.  A  name  introduced  by  Berzelius  to  signify 
another  form  of  the  same  substance,  derived  from  &\Xos,  another,  and  rprfTros,  habit. 
Carbon  for  example,  exists  as  the  diamond,  a  brilliant  gem,  with  difBculty  combus- 
tible ;  as  graphite,  a  dark,  heavy,  opaque  mass,  often  crystalline,  also  of  great  inlusi- 
bilily ;  and  as  charcoal,  a  dark  porous  body,  which  burns  with  facility. 

Sulphur,  when  melted,  is  at  230° F.  perfectly  liquid.  Being  heated  to  430  h.,\t 
becomes  thick  and  so  tenacious  that  it  can  scarcely  be  poured  out  of  the  vessel  m 
which  it  is  melted.  When  heated  to  480°  it  again  becomes  liquid,  and  continues  so 
until  it  boils.  These  examples  are  sufficient  to  explain  the  meaning  of  this  term. 
An  extensive  series  of  bodies  appears  to  assume  similar  allotropic  modifications. 
The  probability  is  that,  with  the  advance  of  physical  and  chemical  science,  many  of 
the  substances  now  supposed  to  be  elementary  will  be  proved  to  be  but  allotropic  states 
of  some  one  form  of  matter.  Deville  has  already  shown  that  silicon  and  boron  exist, 
like  the  diamond,  in  three  allotropic  states— one  of  the  conditions  of  boron  being 
much  harder  than  the  diamond. 

ALLOY.  (Alliage,  Fr. ;  Legirung,  Germ.)  From  the  French  allier,  to  unite  or  mix ; 
or  the  Latin  alligo,  to  bind.  This  term  formerly  signified  mixing  some  baser  metal 
with  gold  and  silver,  and  this  meaning  is  stDl  preserved  in  reference  to  coinage  ;  but,  m 
chemistry,  it  now  means  any  compound  of  any  two  or  more  metals  whatever. 
Thus,  bronze  is  an  alloy  of  copper  and  tin ;  brass,  an  alloy  of  copper  and  zinc  ;  and 
type  metal,  an  alloy  of  lead  and  antimony.  All  the  alloys  possess  metallic  lustre, 
even  when  cut  or  broken  to  pieces ;  they  are  opaque ;  are  excellent  conductors  of 
heat  and  electricity ;  are  frequently  susceptible  of  crystallising ;  are  more  or  less 
ductile,  malleable,  elastic,  and  sonorous.  An  alloy  which  consists  of  metals  differently 
fusible  is  usually  malleable  when  cold,  and  brittle  when  hot,  as  is  exemplified  with 
brass  and  gong  metal. 

Many  alloys  consist  of  definite  or  equivalent  proportions  of  the  simple  component 
metals,  though  some  alloys  seem  to  form  in  any  proportion,  like  combinations  of  salt 
or  sugar  with  water.  It  is  probable  that  peculiar  properties  belong  to  the  equivalent 
or  atomic  ratio,  as  is  exemplified  in  the  superior  quality  of  brass  made  in  that  propor- 
tion. 

The  experiments  of  Crookewitt  upon  amalgams  appear  to  prove  that  the  combina- 
tion of  metals  in  alloys  obeys  some  laws  of  a  similar  character  to  those  which  prevail 
between  combining  bodies  in  solution  ;  i.e.  that  a  true  combining  proportion  existed. 

By  amalgamation  and  straining  through  chamois  leather,  he  obtained  crystalline 
metallic  compounds  of  gold,  bismuth,  lead,  and  cadmium,  with  mercury,  which 
appeared  to  exist  in  true  definite  proportions.  With  potassium  he  obtained  two 
amalgams,  KHg^"  and  KHg''.  With  silver,  by  bringing  mercury  in  contact  with 
a  solution  of  nitrate  of  silver,  according  to  the  quantity  of  mercury  employed,  he 
obtained  such  amalgams  as  Ag^Hg",  AgHg^,  AgHg",  AgHg''. 

Beyond  those  there  are  many  experiments  which  appear  to  prove  that  alloys  are 
true  chemical  compounds ;  but,  at  the  same  time,  it  is  highly  probable  that  the  true 
chemical  alloy  is  very  often  dissolved  (mechanically  disseminated)  in  that  metal  which 
is  largely  in  excess. 

Some  years  since,  the  editor  carried  out  an  extensive  series  of  experiments  in  the  labo- 
ratory of  the  Museum  of  Practical  Geology,  with  the  view  of  obtaining  a  good  alloy  for 
soldiers'  medals,  and  the  results  confirmed  his  views  respecting  the  laws  of  definite, 
proportional  combination  among  the  metals.  Many  of  those  alloys  were  struck  at  the 
Mint,  and  yielded  beautiful  impressions ;  but  there  were  many  objections  urged 
against  the  use  of  any  alloy  for  a  medal  of  honour. 

One  metal  does  not  alloy  indifferently  with  every  other  metal,  but  it  is  governed  in 
this  respect  by  peculiar  affinities;  thus,  silver  will  hardly  unite  with  iron,  but  it  com- 
bines readily  with  gold,  copper,  and  lead.  In  comparing  the  alloys  with  their 
constituent  metals,  the  following  differences  may  be  noted.  In  general,  the  ductility 
of  the  alloy  is  less  than  that  of  the  separate  metals,  and.  sometimes  in  a  very  remark- 
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able  degree  ;  on  the  contrary,  tlie  alloy  is  usually  harder  than  the  mean  hardness  of 
j^'^j°°°stituents.    The  mercurial  alloys  or  amalgams  are,  perhaps,  exceptions  to  this 

The  specific  gravity  is  rarely  the  mean  between  that  of  each  of  its  constituents,  but 
is  sometimes  greater  and  sometimes  less ;  indicating,  in  the  former  case,  a  closer 
cohesion  ;  and,  in  the  latter,  a  recedure,  of  the  particles  from  each  other  in 'the  act  of 
their  union.  The  alloys  of  the  following  metals  have  been  examined  by  Crookewitt, 
and  he  has  given  their  specific  gravities  as  in  the  following  Table  ;  the  specific  gravity 
of  the  unalloyed  metals  being — 


Copper 

-  8-794 

Zinc 

6-860 

Tin  - 

-  7-305 

Lead 

-  11-354 

alloys  was — 

Cu=  Sn» 

-  7-652 

Qu.  Pb 

-  10-375 

Cu  Sn 

-  8-072 

Sn  Zn^  - 

-  7-096 

Cu2  Sn 

-  8-512 

Sn  Zn 

-  7-115 

Cu^  Zn=  - 

-  7-939 

Sn'  Zn  - 

-  7-235 

Cu^  Zn^ 

-  8-224 

Sn  Pb^  - 

9-965 

Cu2  Zn 

-  8-392 

Sn  Pb 

-  9-394 

Cu2  Pb' 

-  10753 

Sn'  Pb 

9-025 

The  following  Tables  of  binary  alloys  exhibit  this  circumstance  in  experimental 
detail : — 


Alloys  having  a  density  greater  than  the  mean 
of  their  constituents. 
Gold  and  zinc 
Gold  and  tin 
Gold  and  bismuth 
Gold  and  antimony 
Gold  and  cobalt 
Silver  and  zinc 
Silver  and  lead 
Silver  and  tin 
Silver  and  bismuth 
Silver  and  antimony 
Copper  and  zinc 
Copper  and  tin 
Copper  and  palladium 
Copper  and  bismuth 
Lead  and  antimony 
Platinum  and  molybdenum 
Palladium  and  bismuth 


Alloys  having  a  density  less  than  the  mean  of 
their  constituents. 
Gold  and  silver 
Gold  and  iron 
Gold  and  lead 
Gold  and  copper 
Gold  and  iridium 
Gold  and  nickel 
Silver  and  copper 
Iron  and  bismuth 
Iron  and  antimony 
Iron  and  lead 
Tin  and  lead 
Tin  and  palladium 
Tin  and  antimony 
Nickel  and  arsenic 
Zinc  and  antimony 


There  are  many  points  of  great  physical  as  well  as  chemical  interest  in  connection 
with  alloys,  which  require  a  closer  study  than  they  have  yet  received.  There  are  some 
striking  facts,  brought  forward  by  M.  Wertheim,  deduced  from  experiments  carried 
on  upon  fifty-four  binary  alloys  and  nine  ternary  alloys  of  simple  and  known  com- 
position, which  will  be  found  in  the  "Journal  of  the  French  Institute,"  to  which  we 
would  refer  the  reader. 

It  is  hardly  possible  to  infer  the  melting  point  of  an  alloy  from  that  of  each  of  its 
constituent  metals  ;  but,  in  general,  the  fusibility  is  increased  by  mutual  affinity  in 
their  state  of  combination.  Of  this  a  remarkable  instance  is  afforded  in  the  fusible 
metal  consisting  of  8  parts  of  bismuth,  5  of  lead,  and  3  of  tin,  which  melts  at  the  heat 
of  boiling  water,  or  212°F.,  though  the  melting  point  deduced  from  the  mean  of  its 
components  should  be  514°  F.  This  alloy  may  be  rendered  still  more  fusible  by 
adding  a  little  mercury  to  it,  when  it  forms  an  excellent  material  for  anatomical  injec- 
tions.   See  Fusible  Metal. 

On  the  Melting  Point  of  Certain  Alloys. 

Centrigrade 
Thermometer. 
Tin,  2  atoms;  lead,  1  atom    -  196° 
)>    1    )>         11     1    »  "    "  241 
,,    1    ,,         )i     3    „  -    -  289 
„    2  vols.;      „     1  vol.  -    -  194° 


Centrigrade 
Thermometer 

Lead   334° 

Tin   230° 

Tin,  5  atoms ;  lead,  1  atom  -  194° 
„  4  „  „  1  „  -  -  189° 
„    3    „         „     1    „  -    -  186 


In  these  experiments  of  M.  Kupfifer,  the  temperatures  were  determined  with  ther- 
mometers of  great  delicacy,  and  the  weighings  were  carefully  carried  out. — Ann.  de 
Chimie,  xl.  285-302  ;  Brewster's  Edin.  Jour.  Sci.  i.  N.S.  p.  299. 
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The  colours  of  alloys  do  not  depend  in  any  considerable  degree  upon  those  of  the 
sepaJa'tet e?ds  thus.'the  colour  o?  copper,  instead  of  being  rende^^^^^^^^^  by  a  large 
addition  of  zinc,  is  thereby  conyerted  into  a  rich-looking  me'al,  brass 

By  means  of  alloys,  we  multiply,  as  it  were  the  nuniber  of  "^<=M  ^^^^^^ 
sometimes  give  usefulness  to  such  as  are  separately  of  httle  yalue  J^^^ 
pounds  can  be  formed  only  by  fusion,  and  that  many  metals  are  ^Pt  J^e  readi  y 
at  their  melting  temperature,  proper  precautions  must  be  taken  m  making  alloys  to 
'  preyent  this  occurrence.  Thus!  in  combining  tin  and  lead,  resin  or  grease  is  usually 
nut  ou  the  surface  of  the  melting  metals,  the  carbon  produced  by  the  decomposition 
of  which  protects  them,  in  most  cases,  suflBciently  from  oxidisement.  When  we  wisn 
to  combine  tin  with  iron,  as  in  the  tinning  of  cast-iron  tea  kettles,  we  rub  sal  ammo- 
niac upon  the  surfaces  of  the  hot  metals  in  contact  with  each  other,  and  thus  exclude 
the  atmospheric  oxygen  by  means  of  its  fumes.  When  there  is  a  notable  diflerence 
in  the  specific  gravities  of  the  metals  which  we  wish  to  combine,  we  often  fand  great 
difficulties  in  obtaining  homogeneous  alloys  ;  for  each  metal  may  tend  to  assume  the 
level  due  to  its  density,  as  is  remarkably  exemplified  in  alloys  of  gold  and  silver  made 
without  adequate  stirring  of  the  melting  metals.  If  the  mass  be  large  and  slow  of 
cooling,  after  it  is  cast  in  an  upright  cylindrical  form,  the  metals  sometunes  separate, 
to  a  certain  degree,  in  the  order  of  their  densities.  Thus,  in  casting  large  bells  and 
cannon  with  copper  alloys,  the  bottom  of  the  casting  is  apt  to  contain  too  much 
copper  and  the  top  too  much  tin,  unless  yery  dexterous  manipulation  in  mixing  the 
fused  materials  has  been  employed  immediately  before  the  pouring  out  of  the  melted 
mass.  When  such  inequalities  are  observed,  the  objects  are  broken  and  re-melted, 
after  which  they  form  a  much  more  homogeneous  alloy.  This  artifice  of  a  double 
melting  is  often  had  recourse  to,  and  especially  in  casting  the  alloys  for  the  specula 
of  telescopes. 

When  we  wish  to  alloy  three  or  more  metals,  we  often  experience  difficulties, 
either  because  one  of  the  metals  is  more  oxidable,  or  denser,  or  more  fusible,  than  the 
others,  or  because  there  is  no  direct  affinity  between  two  of  the  metals.  In  the  latter 
predicament,  we  shall  succeed  better  by  combining  the  three  metals  first  in  pairs, 
for  example,  and  then  melting  the  two  pairs  together.  Thus,  it  is  difficult  to  unite 
iron  with  bronze  directly ;  but  if,  instead  of  iron,  we  use  tin  plate,  we  shall  imme- 
diately succeed,  and  the  bronze,  in  this  manner,  acquires  valuable  qualities  from 
the  iron.  Thus,  also,  to  render  brass  better  adapted  for  some  purposes,  a  small 
quantity  of  lead  is  sometimes  added  to  it,  but  this  cannot  be  done  directly  with 
advantage ;  it  is  better  to  melt  the  lead  first  along  with  the  zinc,  and  then  to  add 
this  alloy  to  the  melting  copper,  or  the  copper  to  that  alloy,  and  fuse  them  together. 

One  of  the  alloys  most  useful  to  the  arts  is  brass  ;  it  is  more  ductile  and  less  easily 
oxidised  than  even  its  copper  constituent,  notwithstanding  the  opposite  nature  of  the 
zinc.  (See  Brass.)  This  alloy  may  exist  in  many  different  proportions,  under  which 
it  has  different  names,  as  tombac,  similor,  pinchbeck,  &c.  Copper  and  tin  form 
compounds  of  remarkable  utility,  known  under  the  name  of  hard  brass,  for  the 
bushes,  steps,  and  bearings  of  the  axles,  arbours,  and  spindles  in  machinery ;  and 
o(  bronze,  bell-metal,  &c.  (See  Bronze,  &c.)  Gold  and  silver,  in  their  pure  state,  are 
too  soft  and  flexible  to  form  either  vessels  or  coins  of  sufficient  strength  and  dura- 
bility ;  but  when  alloyed  with  a  little  copper,  they  acquire  the  requisite  hardness  and 
stiffness  for  these  and  other  purposes.  Aluminium  has  been  found  by  Dr.  Percy  to 
possess  the  same  hardening  property. 

When  we  have  occasion  to  unite  several  pieces  of  the  same  or  of  different  metals, 
we  employ  the  process  called  soldering,  which  consists  in  fixing  together  the  surfaces 
by  means  of  an  interposed  alloy,  which  must  be  necessarily  more  fusible  than  the 
metal  or  metals  to  be  joined.  That  alloy  must  also  consist  of  metals  which  possess  a 
strong  affinity  for  the  substances  to  be  soldered  together.  Hence  each  metal  would 
seem  to  require  a  particular  kind  of  solder,  which  is,  to  a  certain  extent,  true.  Thus, 
the  solder  for  gold  trinkets  and  plate  is  an  alloy  of  gold  and  silver,  or  gold  and  copper  ; 
that  for  silver  trinkets  is  an  alloy  of  silver  and  copper ;  that  for  copper  is  either  fine 
tin,  for  pieces  that  must  not  be  exposed  to  the  fire,  or  a  brass  alloy  called  hard 
solder,  of  which  the  zinc  forms  a  considerable  proportion.  The  solder  of  lead  and 
tinplate  is  an  alloy  of  lead  and  tin,  and  that  of  tin  is  the  same  alloy  with  a  little  bis- 
muth. Tinning,  gilding,  and  silvering  may  also  be  reckoned  a  species  of  alloys, 
since  the  tin,  gold,  and  silver  are  superficially  united  in  these  cases  to  other  metals.  ' 

Metallic  alloys  possess  usually  more  tenacity  than  could  be  inferred  from  their  con- 
stituents ;  thus,  an  alloy  of  12  parts  of  lead  with  1  of  zinc  has  a  tenacity  double  that 
of  zinc. 

The  cohesive  force  of  alloys  is  well  shown  in  the  following  Table,  in  which  the  re- 
sults are  mostly  those  obtained  by  Muschenbroek.* 

•  Encyclopedia  Britannica,  Art.  SinENOTii,  and  Introduction  ad  Pliiloso  Nature. 
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Alloy  op 


Gold  - 

ditto 
Silver 

ditto 
Brass 
Copper 

ditto 

ditto 

ditto 

ditto 

ditto 
Tin  (English) 

ditto 

ditto 

ditto 

ditto 

ditto 
Tin  (Banco) 

ditto 

ditto 

ditto 

ditto 

ditto 

ditto 

ditto 

ditto 

ditto 

ditto 

ditto 
ditto 
Tin  (English) 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
Lead  (Scotch) 
ditto 
ditto 


PARTS. 

-  2 

-  5 

-  5 

-  4 

-  10 

-  8 

-  6 

-  4 

-  2 

-  1 

-  10 

-  8 

-  6 

-  4 

-  2 

-  1 

-  10 

-  8 

■  6 

■  4 

•  2 

•  1 

•  10 

■  4 

■  2 

■  1 

•  1 

•  1 
1 
1 
2 
4 
8 
1 
3 
4 
1 
2 

10 


Silver  - 
Copper 
ditto  - 
Tin  - 

Tin  -" 

ditto  - 

ditto  - 

ditto  - 

ditto  - 

ditto  - 
Lead  - 

ditto  - 

ditto  - 

ditto  - 

ditto  - 

ditto  - 
Antimony 

ditto  - 

ditto  - 

ditto  - 

ditto  - 

ditto  - 
Bismuth 

ditto  - 

ditto  - 

ditto  - 

ditto  - 

ditto  - 

ditto  - 
Zinc  - 

ditto  - 

ditto  - 

ditto  - 
Antimony 

ditto  - 
ditto  - 
Bismuth 
ditto  - 
ditto  - 


Snppi  fin 

Cohesion. 

Cohesion  of 
square  inch 

in  lbs. 
Avoirdupois. 

Sped  lie 
Gravity. 

PAIITS. 

-  1 

.^0,000 

-  1 

O  OK)  4 

50,000 

.  1 

O  1  to 

48, .500 

-  1 

*t  O0>6 

41,000 

4  O  /U 

45,882 

o  4U/ 

32,093 

\ 

36,088 

I 

/(•COT 

44,071 

J 

^•7  Q  /I 

35,739 

I 

n«i  no 

1>017 

I 

\f  \j  1  i 

725 

] 

U  /  OO 

6,904 

I 

(\'Q  A  1 
U  i54  1 

7,922 

I 

f\'Q  A  n 
U  o4y 

7,997 

I 

1  •!  OR 

10,607 

I 

u  /yj 

7,470 

1 

(\•'7K^ 

w  /  0  i 

7,074 

-  1 

i.  iO  / 

11    1  O  1 

1  i,lol 

7-359 

I 

9,881 

7-276 

-  1 

1  Otl 

1  o  c  oo 

7-228 

I 

1  -A*?  I 
1  lo  1 

T  o  A  o  r\ 

l>j,4oO 

7-192 

I 

12,092 

7-105 

I 

U  OOO 

3,184 

7-060 

I 

i  04  / 

12,688 

7-576 

I 

1  •'7'70 

16,692 

7-613 

\ 

1  40C5 

14,017 

8-076 

I 

i  ^  /  o 

12,020 

8-146 

.  2 

i  UDO 

8-58 

4 

U  OOO 

7,875 

9-009 

U  4  1 1 

3,871 

9-439 

I 

u  yos 

9,024 

I 

1  *1  RA 

1  1  04 

10,964 

\ 

10,258 

1 
1 

10,607 

I 

\J  104: 

1  A 

7-000 

2 

U  oo  cS 

o,lo4 

-  1 

1-202 

11,323 

-  1 

0-777 

7,319 

10-931 

-  1 

0-620 

5,840 

11-090 

-  1 

0-300 

2,826 

10-827 

Metallic  alloys  are  much  more  easily  oxidised  than  the  separate  metals,  a  phe- 
nomenon -which  may  he  ascribed  to  the  increased  affinity  for  oxygen  which'  results 
from  the  tendency  of  the  one  of  the  oxides  to  combine  with  the  other.  An  alloy  of 
tin  and  lead  heated  to  redness  takes  fire,  and  continues  to  burn  for  some  time  like  a 
piece  of  bad  turf. 

Every  alloy  is,  in  reference  to  the  arts  and  manufactures,  a  new  metal,  on  account 
of  its  chemical  and  physical  properties.  A  vast  field  here  remains  to  be  explored. 
Not  above  60  alloys  have  been  studied  by  the  chemists  out  of  many  hundred  which 
may  be  made  ;  and  of  these  but  few  have  yet  been  practically  employed.  Very  slis^ht 
modifications  often  constitute  valuable  improvements  upon  metallic  bodies.  Thus, 
the  brass  most  esteemed  by  turners  at  the  lathe  contains  from  2  to  3  per  cent,  of  lead; 
but  such  brass  does  not  work  well  under  the  hammer ;  and,  reciprocally,  the  brass 
which  is  best  under  the  hammer  is  too  tough  for  turning. 

M.  Cbaudet  has  made  some  experiments  on  the  means  of  detecting  the  metals  of 
alloys  by  the  cupelling  furnace,  and  they  promise  useful  applications.  The  testing 
depends  upon  the  appearance  exhibited  by  the  metals  and  their  alloys  when  heated 
on  a  cupel.    The  following  were  Chaudct's  results :  — 

Metals. — Pure  tin,  when  heated  this  way,  fuses,  becomes  of  a  greyish-black  colour, 
fumes  a  little,  exhibits  incandescent  points  on  its  surface,  and  leaves  an  oxide  which, 
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^vhpn  withdrawn  from  the  fire,  is  at  first  lemon-yellow,  but,  when  cold  white.  Anti- 
wuen  witnarawu  num  \  ^      >   f,„^„„  «nri  leaves  the  vessel  coloured  lemon- 

ereenish  hue.    Lead  resembles  bismuth  very  much;  the  cold  cupel  is  ot  a  lemon 
yeUow  colour.  Copper  melts,  and  becomes  covered  with  a  coat  of  black  oxide ;  some- 
times spots  of  a  rose  tint  remain  on  the  cupel. 

■  Allots  -Tin  75,  antimony  25,  melt,  become  covered  with  a  coat  ot  black  oxiae, 
have  very  few  incandescent  points;  when  cold,  the  oxide  is  nearly  black,  in  con- 
sequence of  the  action  of  the  antimony  ;  a  ^i^th  part  of  antimony  may  be  ascertained, 
in  this  way,  in  the  alloy.  An  alloy  of  antimony  containing  tin  leaves  oxide  ot  tm 
in  the  cupel:  a  ^fcth  part  of  tin  may  be  thus  detected.  An  alloy  of  tin  and  zmc 
gives  an  oxide  which,  whilst  hot,  is  of  a  green  tint,  and  resembles  philosophers  wool 
in  appearance.  An  alloy  containing  99  tin  1  zinc  did  not  present  the  incandescent 
points  of  pure  tin,  and  gave  an  oxide  of  greenish  tint  when  cold._  Tin  9o,  bisnauth  5 
parts,  gave  an  oxide  of  a  grey  colour.  Tin  and  lead  give  an  oxide  of  a  rusty  brown 
colour:  An  alloy  of  lead  and  tin,  containing  only  1  per  cent,  of  the  latter  metal,  when 
heated,  does  not  expose  a  clean  surface,  like  lead,  but  is  covered  at  times  with  oxide 
of  tin.  Tin  75  and  copper  25  gave  a  black  oxide:  if  the  heat  be  much  elevated,  the 
under  part  of  the  oxide  is  white,  which  is  oxide  of  tin;  the  upper  part  is  black,  being 
the  oxide  of  copper,  and  the  cupel  becomes  of  a  rose  colour.  If  the  tm  be  impure 
from  iron,  the  oxide  produced  by  it  is  marked  with  spots  of  a  rust  colour. 

The  degree  of  affinity  between  metals  may  be  in  some  measure  estimated  by  the 
greater  or  less  facility  with  which,  when  of  different  degrees  of  fusibility  or  volatility, 
they  unite,  or  with  which  they  can,  after  union,  be  separated  by  heat.  The  greater 
or  less  tendency  to  separate  into  differently  proportioned  alloys,  by  long-continued 
fusion,  may  also  give  some  information  upon  this  subject.  Mr.  Hatchett  remarked, 
in  his  elaborate  researches  on  metallic  alloys,  that  gold  made  standard  with  the  usual 
precautions,  by  silver,  copper,  lead,  antimony,  &c.,  and  then  cast,  after  long  fusion, 
into  vertical  bars,  was  by  no  means  an  uniform  compound ;  but  that  the  top  of  the 
bar,  corresponding  to  the  metal  at  the  bottom  of  the  crucible,  contained  the  larger 
proportion  of  gold.  Hence,  for  a  more  thorough  combination,  two  red-hot  crucibles 
should  be  employed,  and  the  liquefied  metals  should  be  alternately  poured  from  the 
one  into  the  other.  To  prevent  unnecessary  oxidisation  from  the  an-,  the  crucibles 
should  contain,  besides  the  metal,  a  mixture  of  common  salt  and  pounded  char- 
coal.  The  metallic  alloy  should  also  be  occasionally  stirred  up  with  a  rod  of  earthen- 


ware. 

When  there  is  a  strong  affinity  between  the  two  metals,  their  alloy  is  generally 
denser  than  the  mean,  and  vice  versa.  This  is  exemplified,  as  previously  shown,  in 
the  alloys  of  copper  with  zinc  and  tin,  on  the  one  hand,  and  with  copper  and  lead 
on  the  other.  When  one  of  the  metals,  however,  is  added  in  excess,  there  result  an 
atomic  compound  and  an  indefinite  combination,  as  would  appear  from  Muschenbroek's 
experiments.  Thus, 

1  of  lead  with  4  of  silver  give  a  density  of  10-480 
1         do       2  do  11-032 

1         do       3  do  10-831 

The  proportion  of  the  constituents  is  on  this  principle  estimated  in  France  by  the  test 
of  the  ball  applied  to  pewter ;  in  which  the  weight  of  the  alloyed  ball  is  compared  with 
that  of  a  ball  of  pure  tin  or  standard  pewter  cast  in  the  same  mould.  Alloys  possess 
the  elasticity  belonging  to  the  mean  of  their  constituents,  -and  also  the  specific  caloric. 

According  to  M.  Rudberg,  while  lead  solidifies  at  325°  C,  and  tin  at  228°,  their 
atomic  alloy  solidifies  at  187°,  which  he  calls  the  fixed  point,  for  a  compound  Pb  Su^. 

An  alloy  too  slowly  cooled  is  often  apt  to  favour  the  crystallisation  of  one  or  more 
of  its  components,  and  thus  to  render  it  brittle  ;  and  hence  an  iron  mould  is  preferable 
to  one  of  sand  when  there  is  danger  of  such  a  result. 

It  is  not  a  matter  of  indifference  in  what  order  the  metals  are  melted  together  in 
making  an  alloy.  Thus,  if  we  combine  90  parts  of  tin  and  10  of  copper,  and  to  this 
alloy  add  10  of  antimony ;  or  if  we  combine  10  parts  of  antimony  with  10  of  copper, 
and  add  to  that  alloy  90  parts  of  tin,  we  shall  have  two  alloys  chemically  the  same  ;  and 
still  it  will  be  easy  to  discover  that,  in  other  respects  — fusibility,  tenacity,  &c.  —  they 
totally  differ.  Whence  this  result?  Obviously  from  the  nature  of  their  combination, 
dependent  upon  the  order  pursued  in  the  preparation,  and  which  continues  after  the 
mixture.    In  the  alloys  of  lead  and  antimony  also,  if  the  heat  be  raised  in  combining 
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SffVr  ""^^'^  together  much  above  their  fusing  points,  the  alloy  becomes  har^h  nr,H 

thJnrT'T"  gravity  affords  a  good  criterion  whereby  to  judge  of 

the^ proportion  of  wo  metals  in  an  alloy.  But  a  very  fallacious  rule  has  been  fiven 
n  some  respectable  works  for  computing  the  specific  gravity  that  should  resuU  from 
the  alloymg  of  given  quantities  of  two  metals  of  known  densitiesrsupposbrn^ 
chemical  «>ndensat.on  or  expansion  of  volume  to  take  place.  Thus,  ifhas  been  aLht 
^at  If  gold  and  copper  be  united  in  equal  weights,  the  computed  specTfirgravky  is 
merely  the  arithmetical  mean  between  the  numbers  denoting  the  two  SeciL  cavities 
Whereas,  the  specific  gravity  of  any  alloy  must  be  computed  by  dl  Lgthf sum  of 
the  two  weights  by  the  sum  of  the  two  volumes,  compared,  for^conveniency  sak?  to 
water  reckoned  unity  Or,  in  another  form,  the  rule  Lay  be  stated  thus  :!!Mult  p  y 
the  sum  of  the  weights  into  the  products  of  the  two  specific-gravity  numbers  for  a 
ZT:TAL^^iT''''''^T'^  specific-gravity  number  into  the  .eight  of  the  other 
body,  and  add  the  two  products  together  for  a  denominator.  The  quotient  obtained 
J^^pnifi  V  Ti  «>™erator  by  the  denominator,  is  the  truly  computed  mean 
specific  gravity  of  he  alloy.  On  comparing  with  that  densitv  the  densily  found  by 
experiment,  we  shall  see  whether  expansion  or  condensation  of  volume  has  attended 
the  metallic  combmataon.  Gold  having  a  specific  gravity  of  19'36,  and  copper  of  8-87, 
when  they  are  aUoyed  in  equal  weights,  give,  by  the  fallacious  rule  of  the  arithmetical 

„         T      .  .     19-36 +  8-87 
mean  of  the  densities   ~  =14-U  ;  whereas  the  rightly  computed  density  is 

T^^ii^,^^^;  evident  that,  on  comparing  the  first  result  with  experiment,  we 

should  be  led  to  infer  that  there  had  been  a  prodigious  condensation  of  volume,  thouo-h 
expansion  has  actually  taken  place.  Let  W,  w  be  the  two  weights  ;  P,  p  the  two 
specific  gravities,  then  M,  the  mean  specific  gravity,  is  given  by  the  formula 

(W  +  w)Pp  .  (P-p)°      ^  . 

Pw  +  pW  ••  2  A  =  -p  ^  p    =  twice 

the  error  of  the  arithmetical  mean  ;  which  is  therefore  always  in  excess. 

Alloys  of  a  somewhat  complex  character  are  made  by  Mr.  Alexander  Parkes,  of 
Birmingham,  of  a  white  or  pale  colour,  by  melting  together  33^  lbs.  of  foreign  zinc, 
64  of  tin,  1|  of  iron,  and  3  of  copper ;  or  50  zinc,  48  tin,  1  iron,  and  3  copper ;  or  any 
intermediate  proportion  of  zinc  and  copper  may  be  used.  The  iron  and  copper  are 
first  melted  together  in  a  crucible,  the  tin  is  next  introduced,  in  such  quantities  at  a 
time  as  not  to  solidify  the  iron  and  copper ;  the  zinc  is  added  lastly,  and  the  whole 
mixed  by  stirring.  The  flux  recommended  for  this  alloy  is,  1  part  of  lime,  1  part  of 
Cumberland  iron  ore,  and  3  parts  of  sal  ammoniac. 

Another  of  his  alloys  is  composed  of  66  lbs.  of  foreign  zinc,  33i  tin,  3\  antimony  ; 
or  70|  zinc,  19i  tin,  and  2^  antimony;  or  any  intermediate  proportions,  and  with  or 
without  arsenic.  He  uses  black  flux.  When  to  be  applied  to  the  sheathing  of  ships, 
from  8  to  16  oz.  of  metallic  arsenic  are  added  to  every  100  lbs.  of  alloy.  A  third  class 
of  alloys  consists  of  equal  parts  of  iron  and  nickel ;  the  copper  is  next  added,  and 
lastly  the  zinc,  or  the  copper  and  zinc,  may  be  added  as  an  alloy.  100  lbs.  may  con- 
sist of  45i  lbs.  of  iron  and  nickel  (partes  aguales),  and  lOi  lbs.  of  foreign  zinc  ;  or 
30^  lbs.  of  alloy  of  iron  and  nickel  (p.  a.),  46  copper,  and  26^  zinc;  or  any  interme- 
diate proportions  of  zinc  and  copper.  He  uses  also  an  alloy  of  60  lbs.  of  copper,  20 
of  zinc,  and  20  of  silver;  or  60  copper,  10  nickel,  10  silver,  and  20  zinc;  the  copper 
and  nickel  being  first  fused  together.  His  fifth  alloy  is  called  by  him  a  non-conductor 
of  heat !  It  is  made  of  25  nickel,  25  iron,  and  50  copper ;  or  15  nickel,  25  iron,  and 
60  copper ;  the  last  being  added  after  the  fusion  of  the  others. 

It  may  prove  convenient  to  give  a  general  statement  of  the  more  striking  pecu- 
liarities of  the  important  alloys.  More  detailed  information  will  be  found  under  the 
heads  of  the  respective  metals. 

Gold  and  Sxxver  Alloys. —  The  British  standard  for  gold  coin  is  22  parts  pure 
gold  and  2  parts  alloy,  and  for  silver,  222  parts  pure  silver  to  18  parts  of  alloy. 

The  alloy  for  the  gold  is  an  indefinite  proportion  of  silver  and  copper:  some  coin 
has  a  dark  red  colour  from  the  alloy  being  chiefly  copper  ;  the  lighter  the  colour  a 
larger  portion  of  silver  is  indicated,  sometimes  even  (when  no  copper  is  present)  it 
approaches  to  a  greenish  tinge,  but  the  proportion  of  pure  gold  is  the  same  in  either 
case. 

The  alloy  for  silver  coinage  is  always  copper;  and  a  very  pure  quality  of  this 
metal  is  used  for  alloying,  both  for  the  gold  and  silver  coinage,  as  ahnost  any  other 
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metal  beinj?  present,  even  in  very  smaU  quantities,  would  make  the  metals  unfit 
^^rcoinage^from  rendering  the  gold,  silver,  and  copper  brittle,  or  not  sufficiently 

Thf  Sandard  for  plate  (sUver)  is  the  same  as  the  coin,  and  requires  the  same 
quantity  of  copper,  and  carefuUy  melting  with  two  or  three  bits  of  charcoal  on  he 
surface  while  in  fusion,  to  prevent  the  oxidation  of  the  copper  by  heat  and  exposure 

to  the  atmosphere.  ^    r  t>  r  * 

The  gold  standard  for  plate  and  jewellery  vanes,  by  a  late  act  ot  i-arliament, 
from  the  22  carats  pure,  to  18, 12,  and  9  :  the  aUoys  are  gold  and  silver,  in  various  pro- 
portions according  to  the  taste  of  the  workmen  ;  the  colour  of  the  articles  manufactured 
depending,  as  with  the  coin,  on  the  proportions  ;  if  no  copper  is  used  in  qualities  under 
22  carats  fine  gold,  the  colour  varies  from  a  soft  green  to  a  greenish  white,  but  a 
proportion  of  copper  may  be  used  so  as  to  bring  the  colour  to  nearly  that  of  22  fine, 
1  silver,  and  1  copper. 

Wire  of  either  gold  or  silver  may  be  drawn  of  any  quality,  but  the  ordinary  wire 
for  fine  purposes,  such  as  lace,  contains  from  5  to  9  pennyweights  of  copper  in 
the  pound  of  240  pennyweights,  to  render  it  not  so  soft  as  it  would  be  with  pure 
silver. 

Gold,  silver,  and  copper  may  be  mixed  in  any  proportions  without  injury  to  the 
ductility,  but  no  reliable  scale  of  tenacity  appears  to  have  been  constructed,  although 
gold  and  silver  in  almost  any  proportions  may  be  drawn  to  the  very  finest  wire. 

The  alloys  of  silver  and  palladium  may  be  made  in  any  proportions ;  it  has  been 
found  that  even  3  per  cent,  of  palladium  prevents  silver  tarnishing  so  soon  as  without 
it ;  10  per  cent,  very  considerably  protects  the  silver,  and  30  per  cent,  of  palladium 
will  prevent  the  silver  being  affected  by  fumes  of  sulphuretted  hydrogen  unless  very 
long  exposed:  the  latter  alloy  has  been  found  useful  for  dental  purposes,  and  the 
alloy  with  less  proportions— say  10  to  15  per  cent. — has  been  used  for  graduated 
scales  of  mathematical  instruments. 

The  alloy  of  platinum  and  silver  is  made  for  the  same  purposes  as  those  of  palla- 
dium, and,  by  proper  care  in  fusion,  are  nearly  equally  useful,  but  the  platinum  does 
not  seem  to  so  perfectly  combine  with  the  silver  as  the  palladium.  Any  proportion 
of  palladium  with  gold  injures  the  colour,  and  even  1  per  cent,  may  be  detected  by 
sight,  and  5  per  cent,  renders  it  a  silver  colour,  while  about  10  per  cent,  destroys  it  ; 
but  the  ductility  of  the  alloy  is  not  much  injured. 

Gold  leaf  for  gilding  contains  from  3  to  12  grains  of  alloy  to  the  ounce.  The 
gold  used  by  respectable  dentists  is  nearly  pure,  but  necessarily  contains  about 
6  grains  of  copper  to  the  ounce  troy,  or  j'jth  part. 

Antimony  in  the  proportion  of       quite  destroys  the  ductility  of  gold. 

Gold  and  platinum  alloy  forms  a  somewhat  elastic  metal.  Hermstadt's  imitation 
of  gold  consists  of  16  parts  of  platinum,  7  parts  of  copper,  and  1  of  zinc,  put  in  a 
crucible,  covered  with  charcoal  powder,  and  melted  into  a  mass. — P.  J. 

Dentists'  amalgam  is  prepared  by  rubbing  together,  in  a  mortar,  or  even  in  the 
hollow  of  the  hand,  finely  divided  silver  and  mercury,  and  then  pressing  out  all  the 
uncombined  mercury.  This  alloy,  when  put  into  the  hollow  of  a  decayed  tooth,  very 
soon  becomes  exceedingly  hard.  Dentists  use  16  carat  gold,  which  is  ^  fine  gold, 
and  J  alloy,  the  alloy  being  always  nearly  equal  portions  of  silver  and  copper,  which 
is  not,  for  these  purposes,  in  the  slightest  degree  injurious. 

Copper  Alloys.— Copper  alloyed  with  zinc  forms  Brass,  and  with  tin,  we  have 
Bronze.  (See  those  articles.)  The  alloys  of  the  ancients  were  usually  either  brasses 
or  bronzes.  The  following  analyses  of  ancient  coins,  &c.,  by  Mr.  John  Arthur  Phillips, 
are  of  great  value. 

It  is  not  a  little  curious  to  find  that  some  of  the  coins  of  high  antiquity  contain 
zinc,  which  does  not  appear  to  have  been  known  as  a  metal  before  1280  a.d.,  when 
Albertus  Magnus  speaks  of  zinc  as  a  semi-vietal,  and  calls  the  alloy  of  copper  and  zinc 
tjolden  nuircasite ;  or  rather,  perhaps,  he  means  to  apply  that  name  to  zinc,  from  its 
power  of  imparting  a  golden  colour  to  copper.  The  probability  is  that  calamine  was 
known  from  the  earliest  times  as  a  peculiar  earth,  although  it  was  not  thought  to  be 
an  ore  of  zinc  or  of  any  other  metal. — See  Watson's  Chemical  Essaijs. 
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Quiidrans  ... 

Hiero  I.       -      .  . 

Alexander  the  Great  . 
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Sword-blade 
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Tetrius,  Sen.  (No.  1)  . 
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Claudius  Gothicus  (No.  2)  - 
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Copper,  -when  united  with  half  its  weight  of  lead,  forms  an  inferior  alloy,  resem- 
bling gun-metal  in  colour,  but  is  softer  and  cheaper.  This  alloy  is  called  pot-metal 
and  cock-metal,  because  it  is  used  for  large  measures  and  in  the  manufacture  of  taps 
cocks  of  all  descriptions. 

Sometimes  a  small  quantity  of  zinc  is  added  to  pot-metal ;  but  when  this  is  consi- 
derable the  copper  seizes  the  zinc  to  form  brass,  and  leaves  the  lead  at  liberty,  a 
large  portion  of  which  separates  on  cooling.  Zinc  and  lead  are  not  disposed  to  unite ; 
but  a  little  arsenic  occasions  them  to  combine. 

Of  the  alloys  of  copper  and  lead,  Mr.  Holtzapffel  gives  the  following  description: — 

Lead  Allots.  —  Two  ounces  lead  to  one  pound  copper  produces  a  red-coloured 
and  ductile  alloy. 

Four  ounces  lead  to  one  pound  copper  gives  an  alloy  less  red  and  ductile.  Neither 
of  these  is  so  much  used  as  the  following,  as  the  object  is  to  employ  as  much  lead  as 
possible. 

Six  ounces  lead  to  one  pound  copper  is  the  ordinary  pot-metal,  called  dry  pot-metal, 
as  this  quantity  of  lead  will  be  taken  up  without  separating  on  cooling ;  this  aUoy  is 
brittle  when  warmed. 

Seven  ounces  lead  to  one  pound  copper  forms  an  alloy  which  is  rather  short,  or 
disposed  to  break. 

Eight  ounces  lead  to  one  pound  copper  is  an  inferior  pot-metal,  called  wet  pot- 
metal,  as  the  lead  partly  oozes  out  in  cooling,  especially  when  the  new  metals  are 
mixed ;  it  is  therefore  always  usual  to  fiU  the  crucible  in  part  with  old  metal,  and  to 
add  new  for  the  remainder.  This  alloy  is  very  brittle  when  slightly  warmed.  More 
lead  can  scarcely  be  used,  as  it  separates  on  cooling. 

Antimony  twenty  parts  and  lead  eighty  parts  form  the  printing-type  of  France ; 
and  lead  and  antimony  are  united  in  various  proportions  to  form  the  type-metal  of 
our  printers.    See  Type-Metal. 

Mr.  James  Nasmyth,  in  a  letter  to  the  "  Athena2um  "  (No.  1 176,  p.  511),  directed 
attention  to  the  employment  of  lead,  and  its  fitness  as  a  substitute  for  all  works  of 
art  hitherto  executed  in  bronze  or  marble.  He  says  the  addition  of  about  6  per  cent, 
of  antimony  to  the  lead  will  give  it,  not  only  great  hardness,  but  enhance  its  capa- 
bility to  run  into  the  most  delicate  details  of  the  work. 

Baron  Wetterstedt's  patent  sheathing  for  ships  consists  of  lead,  with  2  to  8  per  cent, 
of  antimony  ;  about  .3  per  cent,  is  the  usual  quantity.  The  alloy  is  rolled  out  into 
sheets.— -Holtzapffel.    We  are  not  aware  that  this  alloy  has  ever  been  employed. 
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Emery  -wheels  and  grinding  tools  for  the  lapidary  are  formed  of  an  alloy  of  anti- 

™  Organ  pipes 'are  sometimes  made  of  lead  and  tin,  the  latter  metal  being  employed 
to  harden  the  lead.  The  pipes,  however,  of  the  great  organ  in  the  Town  Hall  at 
Birmingham  are  principally  made  of  sheet  zinc.  Am%,  e 

Lead  and  arsenic  form  shot-metal.  The  usual  proportions  are  said  to  be  40 lbs.  ol 
metallic  arsenic  to  one  ton  of  lead. 

Tabular  Statement  of  the  Physical  Peculiarities  of  the  Principal  Alloys,  adopted,  with 
some  alterations,  from  the  "  Encyclopidie  Technologique." 


BRITTLE  METALS. 


Arsenic. 


With  Zinc, 
brittle. 


rendering  it 


With  Iron  and  Steel, 
hardening,  whitening, 
and  rendering  those  me- 
tals susceptible  of  a  fine 
polish :  much  used  for 
steel  chains  and  other 
ornaments. 

Wilh  Gold,  a  grey  metal, 
very  brittle. 


With  Copper.  Composed 
of  62  parts  of  copper  and 
32  arsenic,  a  grey,  bril- 
liant, brittle  metal.  In- 
creasing the  quantity  of 
copper,  the  alloy  be- 
comes white  and  slightly 
ductile  :  used  in  the  ma- 
nufacture of  buttons  un- 
der the  name  of  white 
copper,  or  Tombac. 

With  Silver.  23  of  silver 
and  14  arsenic  form  a 
greyish  -  white  brittle 
metal. 

With  Lead.  Arsenic  ren- 
ders lead  brittle.  The 
combination  is  very  in- 
timate ;  not  decomposed 
by  heat. 


With  Tin.  Brittle,  grey, 
lamellated ;  less  fusible 
than  tin. 


With  Mercury.  Without 
interest. 


Antimony. 
This  alloy  is  very  brittle. 

30  of  iron  and  70  of  anti- 
mony are  fusible;  very 
hard,  and  white.  Ai 
aUoy  of  two  of  iron  and 
one  of  antimony  is  very 
hard  and  brilliant. 


Forms  readily  a  pale-yel- 
low alloy,  breaking  with 
a  fracture  like  porcelain. 

Alloys  readily:  the  alloys 
are  brittle.  Those  formed 
with  equal  parts  of  the 
two  metals  are  of  a  fine 
violet  colour. 


These  have  a  strong  af- 
finity ;  their  alloys  are 
always  brittle. 


Antimony  gives  hardness 
to  lead.  24  parts  of  an- 
timony and  76  of  lead, 
corresponding  to  Pb-Sb, 
appear  the  point  of  satu- 
ration of  the  two  metals. 


The  alloys  of  antimony 
and  tin  are  very  white. 
They  become  brittle 
when  the  arsenic  is  in 
large  quantity. 

A  gritty  -white  alloy. 


Bismuth. 
Unknown. 

Doubtful. 


Similar  to  antimony;  of  a 
yellow-green  colour. 

Pale-red  brittle  metal. 


AUoys  brittle  and  lamel- 
lated. 


The  alloys  of  bismuth  and 
lead  are  less  brittle  and 
more  ductile  than  those 
with  antimony  ;  but  the 
alloy  of  3  parts  of  lead 
and  2  of  bismuth  is 
harder  than  lead.  These 
alloys  are  very  fusible. 

Tin  and  bismuth  imite  in 
all  proportions  by  fusion. 
All  the  alloys  are  more 
fusible  than  tin. 


Mercury  dissolves  a  large 
quantity  of  bismuth  with- 
out losing  its  fluidity; 
but  drops  of  the  alloy 
elongate,  and  form  a  tail. 
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DUCTILE  METALS. 


Iron. 

With  Zinc.  See 
Galvanised 
Iron. 

With  Iron  or 
Steel. 


With  Gold 


With  Copper 


With  Lead,  does 
not  appear  to 
form  any  alloy. 


With  Tin.  A 
very  little  iron 
diminishes  the 
malleability  of 
tin,  and  gives  it 
hardness. 

With  Mercury. 
Mercury  has  no 
action  on  iron. 


Gold. 

A  greenish- yellow 
alloy,  which  will 
take  a  fine  polish. 

Gold  and  iron  alloy 
with  ease,  and 
form  yellowish  al- 
loys, varying  in 
colour  with  the 
proportions  of  the 
metals.  Three  or 
four  parts  of  iron 
united  with  one  of 
gold  is  very  hard, 
and  is  used  in  the 
manufacture  of 
cutting  instru- 
ments. 


A  very  brittle  alloy. 
A  thousandth  pt. 
of  lead  is  sufficient 
to  alter  the  duc- 
tility of  gold. 

The  alloys  of  gold 
and  tin  are  brit- 
tle ;  they  preserve, 
however,  some 
ductility  when  the 
proportion  of  tin 
does  not  exceed  ,'3. 

Mercury  has  a  most 
powerful  action  on 
gold.  See  Amal- 
gam. 


COPPEB. 

See  Brass. 


Iron  and  copper  do 
not  form  true  al- 
loys. When  fused 
together,  the  iron, 
however,  retains  a 
little  copper. — Se- 
veral methods  for 
coating  iron  with 
copper  and  brass 
will  be  described. 


Copper  and  gold  al- 
loy in  all  propor- 
tions, the  copper 
giving  hardness  to 
the  gold.  This  al- 
loy is  much  used 
in  coin  and  in  the 
metal  employed  in 
the  manufacture 
of  jewellery. 


Do  not  appear  to 
form  a  true  alloy. 


Of  great  importance. 
See  Bronze. 


An  amalgam  which 
is  formedwith  dif- 
ficulty, and  with- 
out interest. 


Silver. 

Silver  and  zinc  com- 
bine easily,  form- 
ing a  somewhat 
brittle  aUoy. 

When  1  of  silver 
and  500  of  steel 
are  fused,  a  very 
perfect  button  is 
formed —  Stodart 
and  Faraday. 


Gold  and  silver  mix 
easily  together ; 
but  they  do  not 
appear  to  form  a 
true  combination. 
Jewellers  often 
employ  Vor  vert, 
which  is  composed 
of  70  parts  of  gold 
and  30  of  silver, 
whichcorresponds 
very  nearly  to  the 
aUoy  possessing 
the  maximum 
hardness. 

Silver  and  copper 
alloy  in  all  propor- 
tions. These  al- 
loys are  much  used 
in  the  arts.  The 
maximum  hard- 
ness appears  to  be 
produced  when 
the  alloy  contains 
a  fifth  of  copper. 

Unite  in  aU  propor- 
tions ;  but  a  very 
small  quantity  of 
lead  will  greatly 
diminish  the  duc- 
tility of  silver. 

Alloys  readily.  A 
very  small  quan- 
tity of  tin  destroys 
the  ductility  of 
silver. 


The  amalgamation 
of  these  two  me- 
tals is  a  little  less 
energetic  than  be- 
tween mercury 
and  gold.  Soe 
Amalgamation. 
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In  addition  to  these,  tte  alloys  of  iron  appear  of  sufficient  importance  to  require 

"Tno'^and  mInganese.  Mr.  Mushet  concludes,  from  his  experiments  that  the 
maxTmum  combinations  of  manganese  and  iron  is  40  of  the  former  to  100  of  the 
Stter    The  alloy  71-4  of  tin  and  28-6  of  manganese  is  mdifferen  to  the  magnet 

Iron  and  SuL^  ;  Steel  and  SiLVER.-Various  experiments  have  ^een  made 
upon  dloys  of  iron  and  steel  with  other  metals.  The  only  alloys  to  which  sufficient 
importance  has  been  given  are  those  of  iron  and  silver  and  steel  and  silver.  M. 
Guyton  states,  in  the  "  Annales  de  Chimie,"  that  he  found  iron  to  alloy  with  silver 
in  greater  quantity  than  the  silver  with  the  iron.  "  Iron  can,"  he  says,  '  therefore 
no  longer  be  said  to  refuse  to  mix  with  silver;  it  must,  on  the  contrary,  he  acknow- 
ledo-ed  that  those  two  metals,  brought  into  perfect  fusion,  contract  an  actual  chemical 
union  ;  that,  whilst  cooling,  the  heaviest  metal  separates  for  the  greatest  part;  that 
notwithstanding  each  of  the  two  metals  retains  a  portion  of  the  other,  as  is  the  case 
m  every  liquation,  that  the  part  that  remains  is  not  simply  mixed  or  interlaid,  hut 
chemically  united;  lastly,  that  the  alloy  in  these  proportions  possesses  peculiar 
properties,  particularly  a  degree  of  hardness  that  may  render  it  extremely  useful  for 

various  purposes."  ,      „         „  .  ■,   .   ,  <- 

The  experiments  of  Faraday  and  Stodart  on  the  alloys  of  iron  and  steel  are  ot 
great  value  ;  the  most  interesting  being  the  alloy  with  silver.  The  words  of  these 
experimentalists  are  quoted  : — 

"In  making  the  silver  alloys,  the  proportion  first  tried  was  1  silver  to  160  steel ; 
the  resulting  buttons  were  uniformly  steel  and  silver  in  fibres,  the  silver  being  like- 
wise given  out  in  globules  during  solidifying,  and  adhering  to  the  surface  of  the 
fused  button ;  some  of  these,  when  forged,  gave  out  more  globules  of  silver.  In  this 
state  of  mechanical  mixture  the  little  bars,  when  exposed  to  a  damp  atmosphere, 
evidently  produced  voltaic  action  ;  and  to  this  we  are  disposed  to  attribute  the  rapid 
destruction  of  the  metal  by  oxidation,  no  such  destructive  action  taking  place  when 
the  two  metals  are  chemically  combined.  These  results  indicated  the  necessity  of 
diminishing  the  quantity  of  silver,  and  1  silver  to  200  steel  was  tried.  Here,  again, 
were  fibres  and  globules  in  abundance  ;  with  1  to  300  the  fibres  diminished,  but  still 
were  present ;  they  were  detected  even  when  1  to  400  was  used.  The  successful 
experiment  remains  to  be  named.  When  1  of  silver  to  500  steel  were  properly  fused, 
a  very  perfect  button  was  produced  ;  no  silver  appeared  on  its  surface  ;  when  forged 
and  dissected  by  an  acid,  no  fibres  were  seen,  although  examined  by  a  high  magnifying 
power.  The  specimen  forged  remarkably  well,  although  very  hard  ;  it  had  in  every 
respect  the  most  favourable  appearance.  By  a  delicate  test  every  part  of  the  bar 
gave  silver.  This  alloy  is  decidedly  superior  to  the  very  best  steel  ;  and  this  excel- 
leuce  is  unquestionably  owing  to  a  combination  with  a  minute  quantity  of  silver.  It 
has  been  repeatedly  made,  and  always  with  equal  success.  Various  cutting  tools  have 
been  made  from  it  of  the  best  quality.  This  alloy  is,  perhaps,  only  inferior  to  that  of 
steel  and  rhodium,  and  it  may  he  procured  at  small  expense ;  the  value  of  silver, 
where  the  proportion  is  so  small,  is  not  worth  naming  ;  it  wiU  probably  be  applied  to 
many  important  purposes  in  the  arts." 

Messrs.  Faraday  and  Stodart  show  from  their  researches  that  not  only  silver,  hut 
platinum,  rhodium,  gold,  nickel,  copper,  and  even  tin,  have  an  afiinity  for  steel  suffi- 
ciently strong  to  make  them  combine  chemically. 

Iron  and  Nickel  unite  in  all  proportions,  producing  soft  and  tenacious  alloys. 
Some  few  years  since,  Mr.  Nasmyth  drew  attention  to  the  combination  of  silicon  with 
steel.  Fresh  interest  has  been  excited  in  this  direction  by  the  investigations  of  a 
French  chemist,  M.  St.  Claire  DeviUe,  who  has  examined  many  of  the  alloys  of 
sUicon. 

Silicon  and  Iron  combine  to  form  an  alloy  which  is  a  sort  of  fusible  steel  in  which 
carbon  is  replaced  by  silicon.  The  siliciurets  are  all  of  them  quite  homogeneous, 
and  are  not  capable  of  being  separated  by  liquation. 

Copper  and  Silicon  unite  in  various  proportions,  according  to  the  same  chemist. 
A  very  hard,  brittle,  and  white  alloy,  containing  12  per  cent,  of  silicon,  is  obtained 
by  melting  together  three  parts  silico-fluoride  of  potassium,  one  part  sodium,  and 
one  part  of  copper,  at  such  a  temperature  that  the  fused  mass  remains  covered 
with  a  very  liquid  scoria.  The  copper  takes  up  the  whole  of  the  silicon,  and 
remains  as  a  white  substance  less  fusible  than  silicon,  which  may  serve  as  a  base 
for  other  alloys.  An  alloy  with  5  per  cent,  silicon  has  a  beautiful  bronze  colour 
and  will  probably  receive  important  applications.  ' 

Mr.  Oxland  and  Mr.  Truran  have  given,  in  "  Metals  and  their  Alloys,"  the  follow- 
ing useful  tabular  view  of  the  composition  of  the  alloys  of  copper. 
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The  principal  alloys  of  copper  with  other  metals  are  as  follows  :  — 


Copper. 

Zinc. 

Tin. 

Nickel. 

Antimony* 

Load. 

Antique  bronze  sword 

87-000 

_  ^ 

13-000 

„  springs 

97  000 

- 

3-000 

Bronze  for  statues 

91-400 

5-530 

1-700 

1-370 

„     for  medals 

90000 

10-000 

„     for  cannon 

90-000 

10-000 

„     for  cymbals  - 

78-000 

99-nnn 

£i  £i  \J\J\3 

„     for  gilding 

82-257 

17-481 

0-238 

0'024 

>»            »>           -  ■ 

8n-000 

16-500 

2-500 

1-000 

Speculum  metal 

66-000 

_ 

33-000 

Brass  for  theet  -       -  - 

84-700 

15-300 

Gilding  metal    -       -  . 

73-730 

27-270 

Pinchbeck  ... 

80-200 

20-000 

Prince's  metal  - 

75-000 

25  000 

»»  )>"•"- 

50-000 

50-000 

Dutch  metal  ... 

84-700 

15-300 

English  wire  ... 

70-290 

29-260 

0-17 

O'QS 

\j  £.0 

Mosaic  gold      .       -  . 

66-000 

33000 

Gun    metal   for  bearings, 

stocks,  &c.  ... 

90-300 

9-670 

0-03 

Muntz's  metal   -       -  - 

60000 

40-000 

Good  yellow  brass 
Babbitt's  metal  for  bushing 

66-000 

33-000 

8-300 

83-00 

- 

8-3 

Bell  metal  for  large  bells  - 

80-000 

20-00 

Britannia  metal  -       -  - 

1-000 

2-00 

81-00 

16-00 

Nickel  silver,  English 

60000 

17-8 

22-2 

„        „  Parisian 

50-000 

13-6 

19  3 

German  silver  -       -  - 

50-000 

25-0 

25-0 

ALLOY,  NATIVE.  Osmium  and  Iridium,  in  the  proportions  of  72-9  of  the 
former  and  24-5  of  the  latter.    See  Osmium,  Iridium. 

ALLSPICE.  Pimento,  or  Jamaica  pepper,  so  called  because  its  flavour  is  thought 
to  comprehend  the  flavour  of  cinnamon,  cloves,  and  nutmegs.  The  tree  producing 
this  spice  {Eugenia  pimento)  is  cultivated  in  Jamaica  in  what  are  called  Pimento 
walks.  It  is  imported  in  bags,  almost  entirely  from  Jamaica.  Mr.  Montgomery 
Martin  informs  us  that  pimento  was  exported  in  one  year  (1837)  from  the  different 
districts  of  Jamaica  as  follows:  — 


Kingston  and  Old  Harbour  -       .  . 
Morant  Bay  and  Port  Morant 
Port  Antonio      -       .       .       -  . 
Port  Marva  and  Annotto  Bay 
Falmouth,  Rio  Bueno,  and  St.  Ann's  Bay 
Montego  Bay  and  Lucca      -       .  _ 
Sav-la-Mar  and  Black  River 


6027  bags. 

141  „ 

1259  „ 

3194  „ 

28188  „ 

3106  „ 

3622  „ 


ALLUVIUM.  (Alluo,  to  wash  upon ;  or  alluvia,  an  inundation.)  Earth,  sand, 
gravel,  stones,  and  other  transported  matter  which  has  been  washed  away,  and 
thrown  down — by  rivers,  floods,  or  other  causes — upon  land  not  permanently  sub- 
merged beneath  the  waters  of  lakes  or  seas. — Lyell. 

ALLYLAMINE.    See  Acrylamine. 

ALMANDINE,  or  iron-garnet,  is  a  silicate  of  alumina  and  iron,  combined  in  the 
following  proportions  :  silica  36  3,  alumina  20-56,  protoxide  of  iron  43-2. 

It  occurs  in  Greenland,  Ceylon  and  the  Brazils  ;  when  cut  and  polished,  it  forms  a 
beautiful  gem. 

The  name  is  probably  derived  from  the  Alabandic  carbuncles  of  Pliny,  which 
were  cut  and  polished  at  Alabande.    See  Garnet. 

ALMOND.  (Amande,  Fr.  ;  Mandelus,  Germ.;  Aim/ijdal  communis.)  De  Candolle 
admits  five  varieties  of  this  species.  Aamara,  bitter  almond;  A.  diilcis,  sweet  almond; 
A.  frayilis,  tender-shelled  almond ;  A.macrocnrpa,  large-fruited  almond;  A.  persicoides, 
peach  almond.  There  are  two  kinds  of  almond  usually  emplo^-ed,  which  do  not 
differ  in  chemical  composition,  only  that  the  bitter,  by  a  curious  chemical  reaction  of 
its  constituents,  generates  in  the  act  of  distillation  a  quantity  of  volatile  oil  which 
contains  hydrocyanic  acid.    Vogel  obtained  from  bitter  almonds  8  5  per  cent,  of 
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hiisks  After  poiinding  the  kernels,  and  heating  them  to  coagulate  the  albumen  he 
procured  by  expression,  28  parts  of  an  unctuous  oil^hu^h  did  not  contam  he 
Slest  particle  of  hydrocyanic  acid.  The  ^hole  of  the  oil  could  not  be  extracted 
^tb  s  ?av  The  expressed  mass,  treated  with  boiling  water,  afforded  sugar  and 
Lum,  and?L  conSequL'ce  of  the  he'at,  some  of  that  acid.  The  sugar  constitutes  6  -5 
per  cent,  and  the  Rum  3.  The  vegetable  albumen  extracted,  by  means  of  caust  c 
f  ash,  amounted  to  30  parts  :  the  vegetable  fibre  to  only  5.  The  poisonous  aa-omatic 
oil.  according  to  Robiquet  and  Boutron-Charlard,  does  not  exist  ready-formed  in  the 
bitter  almond,  but  seems  to  be  produced  under  the  influence  of  ebuUition  with  water. 
These  chemists  have  shown  —  i  .-i     -i  v 

1st.  That  neither  bitter  almonds  nor  their  residuary  cake  yield  any  volatile  oil  by 

^'^Jmd.'^^hey  yield  no  oil  when  digested  in  alcohol  or  in  ether,  though  the  volatile 
oil  is  soluble  in  both  these  liquids. 

3rd.  Alcohol  extracts  from  bitter-almond  cake,  sugar,  resin,  and  amygdalin  ;  when 
the  latter  substance  has  been  removed,  the  cake  is  no  longer  capable  of  furnishing 
the  volatile  oil  by  distillation.  .... 

4th.  Ether  extracts  no  amygdalin,  and  the  cake  left,  after  digestion  m  ether, 
yields  the  volatile  oil  by  distillation  with  water ;  but  alcohol  dissolves  out  a  peculiar 
white  crystalline  body,  without  smell,  of  a  sweetish  taste  at  first,  and  afterwards 
bitter,  to  which  they  gave  the  name  of  amygdaline.  This  substance  does  not  seem 
convertible  into  volatile  oil.— Pereira.    See  Ure's  "Dictionary  of  Chemistry" 

Sweet  almonds,  by  the  analysis  of  Boullay,  consist  of  54  parts  of  the  bland  almond 
oil,  6  of  uncrystallisable  sugar,  3  of  gum,  24  of  vegetable  albumen,  24  of  woody  fibre. 
5  of  husks,  3-5  of  water,  0-5  of  acetic  acid,  including  loss.    We  thus  see  that  sweet 
almonds  contain  nearly  twice  as  much  oil  as  bitter  almonds  do. 
Three  varieties  are  known  in  commerce. 

1.  Jordan  Almonds  which  are  the  finest,  come  from  Malaga.  Of  these  there  are 
two  kinds ;  the  one  above  an  inch  in  length,  flat,  with  a  clear  brown  cuticle,  sweet, 
mucilaginous,  and  rather  tough  ;  the  other  more  plump  and  pointed  at  one  end, 
brittle,  but  equally  sweet  with  the  former. 

2.  Valentia  almonds  are  about  three-eighths  of  an  inch  broad,  not  quite  an  inch  long, 
round  at  one  end,  and  obtusely  pointed  at  the  other,  flat,  of  a  dingy  brown  colour 
and  dusty  cuticle. 

3.  Barbary  and  Italian  almonds  resemble  the  latter,  but  are  generally  smaller  and 
less  flattened — Brande,  Dictionary  of  Pharmacy. 

Our  Importation  of  Axmonds  in  1856  was  as  follows  :  — 

Sweet  Almonds,  on  which  a  Duty  of  10s.  per  Cwt,  was  paid. 


Cwts. 

Computed  real  Value. 

France    -      -  - 

546 

2,553 

Portugal 

-  118 

550 

Spain      -       .  - 

-  3,405 

-  26,148 

Two  Sicilies 

500 

2,333 

Morocco 

-  28,933 

-  88,607 

Gibraltar 

-  230 

2,564 

Other  parts 

-  311 

1,477 

34043 

£124232 

Sitter  Almonds — Free  of  Duty  since  March  I9th,  1845. 

Cwts. 

Morocco   8,834       -       -  £26,501 

Gibraltar  .  -  -  -  _  240  -  -  720 
Other  parts     -       -       -       -       -120       -       -  360 


9,194  £27,581 

ALMOND  OIL.  A  bland  fixed  oil,  obtained  by  expression  from  either  bitter  or 
sweet  almonds ;  usually  from  the  former,  on  account  of  their  cheapness  as  well  as  the 
greater  value  of  the  residual  cake.  The  average  produce  is  from  48  to  52  lbs.  from 
1  cwt.  of  almonds.  —  Pereira. 

ALMOND  POWDER  (farina  amygdala:)  is  the  ground  almond  cake,  and  is 
employed  as  a  cake  for  washing  the  hands,  and  as  a  lute. 

ALOE.  (Aloes,  Fr;  Glauindes  aloe,  Germ.)  In  botany  a  genus  of  the  class 
Hexandria  monogynia.    There  are  many  species,  all  natives  of  warm  climates. 

In  Africa  the  leaves  of  the  Guinea  aloe  are  made  into  durable  ropes.  Of  one  species 
are  made  lines,  bow-strings,  stockings,  and  hammocks ;  the  leaves  of  another 
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species  are  used  to  hold  rain  water.    A  series  of  trials  has  been  made,  within  a  few 
years,  in  Pans,  to  ascertain  the  comparative  strength  of  cables  made  of  hemp  and  of. 
the  aloe  from  Algiers ;  and  they  are  said  to  have  all  turned  to  the  advantage  of  the 
aloe.    Of  cables  of  equal  size,  that  made  of  aloe  raised  a  weight  of  2000  kilogrammes 
(.2  tons,  nearly)  ;  that  made  of  hemp,  a  weight  of  only  400  kilogrammes.  —  Urc 

A  patent  bus  been  taken  (January  27th,  1847)  for  certain  applications  of  aloes  to 
dyeing.  Although  it  has  not  been  employed,  the  colouring  matter  so  obtained 
promising  to  be  very  pei-manent  and  intense,  it  is  thought  advisable  to  describe  the 
process  by  which  it  is  proposed  to  prepare  the  dye.    It  is  as  follows :  — 

Into  a  boiler  or  vessel  capable  of  holding  about  100  gallons,  the  patentee  puts 
10  gallons  of  water,  and  132  lbs.  of  aloes,  and  heats  the  same  until  the  aloes  are 
dissolved  ;  he  then  adds  80  lbs,  of  nitric  or  nitrous  acid  in  small  proportions  at  a  time, 
to  prevent  the  disengagement  of  such  a  quantity  of  nitrous  gas  as  would  throw  part 
of  the  contents  out  of  the  boiler.  When  the  whole  of  the  acid  has  been  introduced 
and  the  disengagement  of  gas  has  ceased,  10  lbs.  of  liquid  caustic  soda,  or  potash  of 
commerce,  of  about  30°,  are  added  to  neutralise  any  undecomposed  acid  i-emaining  in 
the  mixture,  and  to  facilitate  the  use  of  the  mixture  in  dyeing  and  printing.  If  the 
colouring  matter  is  required  to  be  in  a  dry  state,  the  mixture  may  be  incorporated 
with  100  lbs.  of  china  clay  and  dried  in  stones,  or  by  means  of  a  current  of  air.  The 
colouring  matter  is  used  in  dyeing  by  dissolving  a  sufficient  quantity  in  water, 
according  to  the  shade  required,  and  adding  as  much  hydrochloric  acid  or  tartar  of 
commerce  as  will  neutralise  the  alkali  contained  in  the  mixture,  and  leave  the  dye 
bath  slightly  acidulated.  The  articles  to  be  dyed  are  introduced  into  the  bath,  which 
is  keut  boiling  until  the  desired  shade  is  obtained. 

When  the  colouring  matter  is  to  be  used  in  printing,  a  sufficient  quantity  is  to  be 
dissolved  in  water,  according  to  the  shade  required  to  be  produced ;  this  solution  is  to 
be  thickened  with  gum,  or  other  common  thickening  agent,  and  hydrochloric  acid, 
or  tartar  of  commerce,  or  any  other  suitable  supersalt,  is  to  be  added  thereto.  After 
the  fabrics  have  been  printed  with  the  colouring  matter,  they  should  be  subjected  to 
the  ordinary  process  of  steaming,  to  fix  the  colour. — Napier. 

Aloetic  acid,  on  which  the  colouring  matter  of  the  aloes  depends,  has  been  examined 
by  Schunck  and  Mulder.  Aloetic  acid  is  deposited,  from  nitric  acid  which  has  been 
heated  with  aloes,  as  a  yellow  powder  :  it  dissolves  in  ammonia  with  a  violet  colour  ; 
when  treated  with  protochloride  of  tin,  it  forms  a  dark-violet  heavy  powder  ;  and  this, 
again,  when  treated  with  potash,  evolves  ammonia,  and  assumes  a  violet-blue  colour. 
The  solution  of  aloetic  acid  in  ammonia  is  violet. 


Importation  of  Aloes. 


1853. 

1854. 

1855. 

1856. 

lbs. 

lbs. 

lbs. 

lbs. 

British  possessions  in  South  Africa 

93,319 

261,431 

427,834 

464,070 

Mauritius  ----- 

38,479 

16,119 

Holland  ----- 

32,492 

Bi-itish  East  Indies    -       .  - 

33,333 

43,768 

68,068 

43,346 

British  West  Indies  -       -  - 

32,101 

35,467 

26,949 

18,538 

Australia          -       -       -  - 

9,659 

United  States    -       .       -  - 

47,805 

16,325 

British  Guiana  -       -       -  - 

4,276 

Other  parts              -      -  - 

1,538 

588 

1,942 

2,441 

246,575 

357,579 

573,404 

542,330 

ALPACA.  (Alpaga,  Fr.)  An  animal  of  Peru,  of  the  Llama  species ;  also  the 
name  given  to  a  woollen  fabric  woven  from  the  wool  of  this  animal.    See  Llama. 

ALUDEL.  The  aludels  of  the  earlier  chemists  were  a  series  of  pear-shaped  pots, 
generally  made  of  earthenware,  but  sometimes  of  glass,  open  at  both  ends.  Each 
aludel  had  a  short  neck  at  top  and  bottom,  so  that  a  series  of  them  could  be  fitted 
together,  by  means  of  the  neck,  in  succession. 

ALUM.  {Alun,  Fr. ;  Alaun,  Germ.)  A  saline  body  or  salt,  consisting  of  alumina, 
or  the  peculiar  earth  of  clay,  united  with  sulphuric  acid,  and  these  again  united 
with  sulphate  of  potash  or  ammonia.  In  other  words,  it  is  a  double  salt,  consisting  of 
sulphate  of  alumina  and  sulphate  of  potash,  or  sulphate  of  alumina  and  sulphate  of 
ammonia.  The  common  alum  crystallises  in  octahedrons,  but  there  is  a  kind  which 
takes  the  form  of  cubes.  It  has  a  sour  or  rather  subacid  taste,  and  is  peculiarly 
astringent.    It  reddens  the  blue  colour  of  litmus  or  red  cabbage,  and  acts  like  an 
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acid  on  many  substances.  Other  alkalis  may  take  the  place  of  the  ammonia  or 
potash,  and  other  metals  that  of  the  aluminiura.  „„j 

Alum  was  known  to  the  ancients,  who  used  it  m  medicine,  as  n  is  now  used  and 
also  as  a  mordant  in  dyeing  and  calico  printing,  as  at  the  presen  day.  O  d  histo- 
rians do  not  describe  correctly,  either  the  mode  of  obtaining  it  or  its  exact  character- 
istics,  so  that  it  is  confounded  with  sulphate  of  iron,  with  which  it  seems  generally  to 
have  been  mixed.  But  that  some  qualities  were  made  with  very  little  iron  in  it,  is 
clear  from  the  fact  that  it  was  employed  when  white  for  dyeing  briglit  colours,  irimij, 
XXXV.  15.)  It  is  said  by  Pliny  that  the  purchasers  tested  it  with  tannin  (pomegra- 
nate juice),  in  order  to  see  if  it  blackened.  He  says  that  the  white  kind  blackened  as 
well  as  the  black;  but  in  aU  probability  this  was  a  test  applied  by  the  dyers  to  see 
which  blackened  least,  so  as  to  obtain  a  good  mordant  for  reds.  Pliny's  description, 
although  confused,  leaves  this  fact  perfectly  clear  — that  there  were  men  in  whose 
minds  the  knowledge  was  much  clearer  than  in  his,  or  a  manufacture  of  such  magni- 
tude could  not  have  existed.  There  is  mention  of  some  being  made  from  stone,  and 
crystallising  in  fine  hairs,  but  the  characteristics  given  do  not  enable  us  to  decide 
that  this  was  either  alum  or  the  peculiar  sulphate  of  alumina  which  takes  that  form. 
The  alum  was  sometimes  boiled  down-  to  dryness,  and  heated  till  it  was  spongy  or 
like  pumice-stone.    It  was  used  as  burnt  alum. 

They  used  it  also  for  preventing  the  combustibility  of  wood  and  wooden  buildings. 
But  although  the  knowledge  of  it  was  very  accurate,  their  writers  always  imagine 
that  sulphate  of  iron  was  a  kind  of  alum,  because  it  is  said  that  the  black  alum  was 
used  for  dyeing  dark  colours.  They  used  iron  as  a  mordant,  and  found  its  character 
by  galls  or  by  pomegranate  juice,  which  contains  tannin.  Their  alum  was  chieiiy  a 
natural  production,  and  they  removed  the  fine  efflorescing  crystals  which  first 
appeared,  or  which  gradually  are  raised  above  the  rest,  as  the  finest  kind.  "  It  was 
produced  in  Spain,  Egypt,  Armenia,  Macedonia,  Pontus,  and  Africa;  the  islands 
Sardinia,  Melos,  Lipari  and  Stromboli.  The  best  was  got  in  Egypt,  the  next  in 
Melos."  The  word  is  probably  Egyptian,  as  it  was  best  and  most  abundantly  ob- 
tained in  Egypt.  It  is  not  probable  that  it  was  the  double  salt  in  aU  cases,  but 
simply  a  sulphate  of  alumina.  Pliny,  indeed,  says  that  a  substance  called  in  Greek 
'Typa,  or  watery,  probably  from  its  very  soluble  natm-e,  and  which  was  milk-white, 
was  used  for  dyeing  wool  of  bright  colours.  This  may  have  been  the  mountain 
butter  of  the  German  mineralogists,  which  is  a  native  sulphate  of  alumina,  of  a  soft 
texture,  waxy  lustre,  and  unctuous  to  the  touch.  The  sh/pieria  of  Dioscorides  and 
the  alumen  of  Pliny  comprehended,  no  doubt,  a  variety  of  saline  substances  besides 
sulphate  of  iron  and  alum. 

It  seems  to  have  come  to  Europe  in  later  times  as  alum  of  Rocca,  the  name  of 
Edessa,  or  that  place  where  the  Italians  first  learnt  the  art ;  but  it  is  not  impossible 
that  this  name  was  an  Italian  prefix,  which  has  remained  to  this  day  under  the  form 
of  Rook  alum,  Rotzalaun  and  Aliin  cle  Roche.  The  East  has  always  had  some  manu- 
factures of  it,  and  Phocis,  Lesbos,  and  other  places,  were  able  to  supply  the  Turks 
with  alum  for  their  magnificent  Turkey  red.  It  was  also  made  at  Foya  Nova,  near 
Smyrna,  and  at  Constantinople.  The  Genoese  and  other  trading  people  of  Italy 
imported  alum  into  Western  Europe  for  the  use  of  the  dyers  of  red  cloth. 

A  Genoese  merchant,  Bartholomew  Perdix,  who  had  been  in  Syria,  observed  a 
stone  suitable  for  alum  in  the  island  Ischia ;  he  burnt  it,  and  obtained  a  good  result, 
being  the  first  who  introduced  the  manufacture  into  Europe.  This  was  in  the  year 
1459 ;  about  the  same  time  John  di  Castro  learnt  the  method  at  Constantinople,  and 
manufactured  alum  at  Tolfa.  This  discovery  of  the  mineral  near  Civita  Vecchia  was 
considered  so  important  by  John  di  Castro,  that  he  announced  it  to  the  Pope  as  u 
great  victory  over  the  Turks,  who  annually  took  fr  om  the  Christians  300,000  pieces 
of  gold  for  their  dyed  wool.  A  statue  was  erected  to  the  "  Discoverer  of  Alum." — 
Beckman. 

The  manufacture  of  alum  was  then  made  a  monopoly  of  the  Papal  Powers,  and 
instead  of  buying  it  as  before  from  the  East,  it  was  considered  Christian  to  obtain  it 
only  from  the  States  of  the  Church,  and,  as  such,  was  made  compulsory  in  the  West. 
The  manufacture  then  went  to  Spain,  to  a  spot  near  Carthagena.  Germany  began 
so  early  as  1554  to  make  alum,  although  Basil  Valentine  seems  to  have  known  of  its 
existence  there  somewhat  sooner.  The  first  establishment  known  was  at  Oberkauf- 
ungen  in  Hesse-Cassel,  where  it  still  exists.  It  was  not  introduced  as  a  manufacture 
into  England  until  the  year  1600,  when  Sir  Thomas  Chaloner,  the  son  of  queen  Eliza- 
beth's minister  of  that  name,  found  that  his  own  estate  of  Guisborough,  in  Yorkshire, 
contained  alum.  This  he  is  said  first  to  have  observed  from  the  vegetation,  which 
had  a  very  weak  green.  Di  Castro  had  first  been  led  to  it  by  the  appearance  of  the 
holly,  but  neither  can  be  said  to  be  decisive  tests  of  Its  presence,  nor  are  the  geological 
features  of  Tolfa  and  Guisborough  at  all  like.    The  violent  denunciations  of  the  Pope 
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did  not  prevent  the  manufacture  from  growing  to  unexpected  magnitude  in  Eneland 

as  VVhUby  alum,  and  even  tliose  at  Guisborough  itself  are  now  at  work,  although  for 
seventy  years  of  the  period  since  their  discovery  they  were  disused.    The  manufac 
ture  was  begun  at  Hurlet,  in  Scotland,  by  Nicholson  and  Lightbody,  in  1766  aban 
aoned,  and  resumed  by  Macintosh  and  Wilson  in  1797.  ' 
.  composition  of  alum  is  expressed  by  chemists  in  the  following  manner  • 

A1»0'  3S0'  KOSO^  24HO.  This  peculiar  combination  is  that  of  the  ordinal  sub^ 
stance  as  far  as  it  appeared  to  the  chemists  of  last  century,  and  the  form  is  now  held  as 
a  type,  after  which  many  other  alums  are  composed.  Ammonia-alum  was  occasionally 
^sn"'  T^w?n«nf'^o.wn^"'°ri,l''  ^^^^  ^^'^^"'•y-         composition  is  APO' 

A1?^3  ^s^s^^^o^n^^f oiwn  r  same  thing  occurs  with  soda;  soda-alum  is 
Al-O^  3SO'  NaOSOj  +  24HO.  Every  salt  having  this  form  is  called  an  alum. 
Sometimes,  instead  of  the  alkali  being  changed,  the  earth  is  changed.  Thus  we  have 
chrome-alum,  Cr-0»3S0^  KOSO^"  +  24HO ;  or  we  have  an  iron-alum  Fe^  0» 
3S0=  KOSO'  +  24HO.  These  may  be  varied  to  a  great  extent,  but  all  have  a 
characteristic  of  alum.  The  twenty-four  atoms  of  water  are  one  of  the  peculiar  cha- 
racteristics. 

Composition  of  pure  Potash  Alum. 
Per  Cent.  Pgr  Cent 

Potash   -       -    9-89  or  1  atom  47  ~|  roiv. 

Alumina  -  10-94  „  1  52  I  j  oulphate  of  potash  -  18-32  orl  atom  27 
Sulphuric  acid  33-68  „  4  „  1 50  f<""i  ^P^^te  of  alumina  -  36-21  „  1  „  172 
Water    -       -  45-49  „24    „  216j      L^ater     -       -       -  45-48  „  1    „  216 

Its  specific  gravity  is  1*724. 

100  parts  of  water  dissolve,  at  32  degrees  Fahrenheit,  3*29  alum. 

».  50  »  „  9  52  „ 

»  »  86  „  „  22-01  „ 

»  ».  122  „  „  30-92  „ 

»  .»  158  „  „  90-67  „ 

212  „  „  357-48  „ 

These  Tables  of  Poggiale  should  be  re-examined,  and  gradations  made  more  useful 
for  this  country. 

Solubility. — 1  part  of  crystallised  potash  alum  is  soluble  — 

At   54  degrees  Fahrenheit  in  13-3  water. 

>>     70       „  „  8-2  „ 

»     77        „  „  4-5  „ 

„   100        „  „  2-2  „ 

„   122        „  „  2-0  „ 

,,   145        „  „  0-4  „ 

„  167        „  „  0-1  „ 

„    189-5     „  „  0-06  „ 

A  solution  saturated  at  46°  is  1-045  specific  gravity.  This  difference  in  the  rate 
of  solubility  in  hot  and  cold  water  renders  it  easily  separated  from  many  other  salts. 
The  crystals  are  permanent  in  the  air,  or  nearly  so,  unless  the  air  be  very  dry ;  if 
kept  at  180°  they  lose  18  atoms  of  water,  but  alum  deprived  of  its  water  and  exposed 
to  the  air  of  summer  took  up  18  atoms  in  47  days.  It  melts  at  a  low  temperature  in 
its  water  of  crystallisation.  At  356°  it  loses  43-5  per  cent,  of  water,  or  23  atoms ;  the 
last  atom  is  only  lost  when  approaching  red  heat.  At  a  red  heat  the  sulphate  of 
alumina  loses  its  acid,  and  the  alumina  seems  then  able  to  remove  some  acid  from  the 
potash,  losing  it  again  by  heat.  Alum,  when  heated  with  common  salt,  acts  like 
sulphuric  acid,  and  gives  off  muriatic  acid  ;  the  same  with  chlorides  of  potassium  and 
ammonium.  If  boiled  with  a  saturated  solution  of  chloride  of  potassium,  hydrochloric 
acid  is  formed  and  a  subsulphate  of  alumina  falls  down  ;  this  occurs  only  to  a  small 
extent  with  chloride  of  sodium,  and  still  less  with  sal-ammoniac. 

Applications  of  Alum. —  Alum  is  an  astringent.  Its  immediate  effect  on  man  is  to 
corrugate  the  fibres  and  contract  the  small  vessels.  It  precipitates  albuminous  liquids 
and  combines  with  gelatine.  It  causes  dryness  of  the  mouth  and  throat,  and  checks 
the  secretions  of  the  alimentary  canal,  producing  constipation ;  in  large  quantities, 
nausea,  vomiting,  purging.  It  is  given  in  lead  colic,  to  convert  the  lead  into  sulphate 
of  lead,  and  used  externally.  Its  principal  use  is  in  dyeing;  calico  printers  print  it 
as  a  mordant,  the  cloth  is  then  put  into  the  dye,  and  the  printed  parts  absorb  the  colour. 
Paper-makers  use  it  in  their  size  and  bookbinders  in  their  paste.  It  is  used  in  tanning 
leather,  and  sometimes,  both  in  Asia  and  Europe,  it  is  used  for  precipitating  rapidly 
the  impurities  of  water.    This  is  a  dangerous  process,  unless  there  be  a  great  amount 
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been  used  to  prevent  the  combustibility  of  wood  and  c  oth.  Hombere's  nhos- 

Alum  heated  with  charcoal  or  carbonaceous  ^'>b«t=^°'=f  J'™^ 
phorus,  which  inflames  spontaneously.    It  is  composed  of  alumina,  sulpHiae  oi 

rJlS  "-alum,  is  made  by  gently  heating  alum  till  the  water  is  dnven 
off  The  alum  first  melts  in  its  water  of  crystaUisation  and  is  then  dried,  it  nas  a 
stronger  action  than  the  hydrated  crystals,  and  is  a  mild  escharotic.  It  reabsorbs  water. 

Ammonia-alum  readily  loses  all  its  ammonia  when  heated,  and  the  sulphuric  acid 
may  be  driven  off  the  remaining  sulphate  of  alumina,  so  that  the  pure  earth-alumma 

will  remain.  ,  i    •      i.  tf 

Roman  Alum  crystallises,  partly  in  octahedrons,  hke  other  alums,  partly  in  cubes,  it 
these  cubes  are  dissolved  in  water  of  about  110°  F.,  the  evaporated  liquid  gives  crystals 
of  common  or  octahedral  alum.  It  was  said  that  on  heating  it  deposited  subsulpha,te 
of  alumina  ;  but  Loewel  says  that  such  crystals  were  impure,  and  he  finds  no  real  dif^ 
ference  of  composition.  All  that  seems  to  be  known  with  certainty  is,  that  it  is  formed 
when  there  is  a  salt  of  alumina  in  solution  with  the  alum  containing  more  alumina 
than  the  neutral  or  common  alum.  This  can  very  readily  occur  m  the  Roman  alum, 
where  there  is  a  great  excess  of  alumina  in  the  alum  stone.  The  Roman  alum  is 
prized  for  its  great  freedom  from  iron  ;  it  was  said  by  MM.  Thenard  and  Roard  to 
contain  only  jJjjth  of  sulphate  of  iron,  whilst  the  ordinary  alum  contained  ^^th. 
In  commerce,  ammonia-  and  potash-alums  are  sometimes  found  mixed. 
Neutral  Alum  is  a  name  sometimes  given  erroneously  to  alum  which  has  had  some 
of  its  acid  neutralised  by  an  alkali.  It  is  in  fact  a  basic  salt  of  alumina,  which  may 
also  be  made  by  dissolving  alumina  in  ordinary  alum.  It  deposits  a  basic  salt  more 
readily  than  ordinary  alum,  and  may  be  of  service  in  some  cases  of  printing. 
Properly  speaking,  the  common  alum  is  the  neutral  salt. 

Testiiig  of  Alum.  — A]nm  being  generally  in  large  crystals,  any  impurity  is  more 
readily  seen ;  this  is  said  to  be  the  reason  for  keeping  up  the  practice  of  making  this 
substance  instead  of  the  sulphate  of  alumina  alone,  which  is  less  bulky  and  fitted  for 
nearly  every  purpose  for  which  alum  is  used.  But  probably  the  ancient  accidental 
discovery  of  the  potash  form  has  detennined  its  use  to  the  present  day.  Iron  is  readily 
found  in  it,  by  adding  to  a  dilute  solution  ferrocyanide  of  potassium  or  prussiate  of 
potash,  which  throws  down  Prussian  blue.  A  very  delicate  test  is  sulphuret  of  ammo- 
nium, which  throws  down  both  the  alumina  and  iron,  but  the  blacking  of  the  precipitate 
depends  on  the  amount  of  iron.  The  total  amount  of  iron  is  got  by  adding  pure 
caustic  potash  or  soda  till  the  solution  is  strongly  alkaline,  washiug  and  filtering  oEf 
the  oxide.  To  look  for  lime,  precipitate  the  alumina  and  iron  by  ammonia,  boil 
and  filter,  the  lime  and  magnesia  are  in  the  solution,  add  oxalate  of  ammonia; 
add  tartaric  acid  to  keep  up  the  iron  and  alumina,  make  alkaline  by  ammonia,  then 
precipitate  the  lime  by  oxalate  of  ammonia,  filter,  and  precipitate  the  magnesia  by  a 
phosphate.  Silica  and  insoluble  basic  sulphates  are  obtained  by  simply  dissolving  the 
alum  in  water  and  filtering.  If  silica,  it  is  insoluble  in  acids ;  if  a  basic  sulphate,  it 
will  dissolve  in  sulphuric  acid,  and  the  addition  of  sulphate  of  potash  or  ammonia  will 
convert  it  into  potash-  or  ammonia-alum. 

Pure  alum  gives  a  white  precipitate  with  ammonia,  no  precipitate  with  sulphuretted 
hydrogen  gas,  and  no  precipitate  with  oxalate  of  ammonia  and  ammonia,  if  tartaric 
acid  be  previously  added. 

In  a  saturated  solution  of  tersulphate  of  alumina,  the  crystals  of  alum  are  almost 
insoluble. 

Ammonia  Alum  contains  :  — 

Ammonia  3-75  per  cent. 

Alumina         -  -       -       -       -       -    11'34  „ 

Sulphuric  acid  -       -       -       -       .    35-29  „ 

Water  49-62  „ 


100-00 

This  salt  also  occurs  in  octahedrons,  and  can  only  be  known  from  potash-alum  by 
trial.  The  addition  of  caustic  lime,  soda,  or  potash,  gives  out  the  ammonia,  easily 
distinguished  by  the  smell.  Soda-alum  is  not  an  article  of  commerce,  nor  is  it  used 
in  the  arts.  _  The  addition  of  ammonia  to  a  solution  of  alum,  or  the  addition  of  any 
other  alkali,  in  insufficient  quantity,  causes  a  precipitate,  not  of  pure  alumina,  as  one 
might  suppose,  but  of  a  subsulphate  of  alumina.    Even  an  excess  of  alkali  will  not 

H  4 


104 


ALUM. 


hand  l  lf     sulphuric  acd  withou  heat  being  applied ;  an  excess,  on  the  other 
li  =  1      P       "^"'"J^^  ^"^"^  °^       alumina,  especially  if  few  salts  ai^e  present  and 
the  solution  not  much  boiled.    Sulphide  of  ammonium  precipitates  it  thorouRhlv 
It  we  dissolve  alum  in  20  parts  of  water,  and  drop  this  solution  slowly  into  water  of 

will  fairdoT"'  V-'       ^  "^"V'^^^-'y'  «-t-ated,  a  bulky  white  pre'Ste 

will  fall  down  which,  when  properly  washed  with  water,  is  pure  aluminous  earth  or 
clay;  and,  dried,  forms  10-94  per  cent,  of  the  weight  of  the  alum.  If  this  earth,  while 
still  moist,  be  dissolved  in  dilute  sulphuric  acid,  it  will  constitute,  when  as  neTitra" 
as  possible,  simple  sulpha  e  of  alumma,  which  requires  only  two  part^  of  cold  water  for 
ts  solution.  It  we  now  decompose  this  solution,  by  pouring  into  it  water  of  ammonia, 
there  appears  an  insoluble  white  powder,  whichis  subsulphate  of  alumina,  or  basic  alum 
and  contains  three  imes  as  much  earth  as  exists  in  the  neutral  sulphate.  If,  however 
we  pour  into  the  solution  of  the  neutral  sulphate  of  alumina  a  solution  of  sulphate  of 
potash  a  white  powder  wiU  faU  if  the  solutions  be  concentrated,  which  is  true  a/«m  •  if 
Sl'b^obtained  evaporating  their  mixture,  and  cooling  it,  crystals  of  alum 

When  newly  precipitated  alumina  is  boiled  in  a  solution  of  alum,  a  portion  of  the 
earth  enters  into  combination  with  the  salt,  constituting  an  insoluble  compound  which 
tails  in  the  form  of  a  white  powder.  The  same  combination  takes  place,  if  we  decom- 
pose a  boiling  hot  solution  of  alum  with  a  solution  of  potash,  till  the  mixture  appears 
nearly  neutral  by  Iitmus-paper.  This  insoluble  or  basic  alum  exists  native  in  the 
aluni  stone  of  Tolfa,  near  Civita  Vecchia,  and  it  consists,  in  100  parts,  of  19-72  parts  of 
sulphate  of  potash,  61-99  basic  sulphate  of  alumina,  and  18-29  water  When  this 
mineral  is  treated  with  a  due  quantity  of  sulphuric  acid,  it  dissolves,  and  is  converted 
into  the  crystallisable  alum  of  commerce. 

Its  formula,  according  to  Graham,  is  a  basic  alum,  HO  S0'+  3(AP  0="  SO')  +  9H0 
Ey  losing  alumina  it  becomes  the  neutral  salt. 

Sulphate  of  Alumina.— The  first  step  towards  the  production  of  alum  is  the 
sulphate  of  alumina.  This  is  found  in  various  proportions  in  alum  stone.  The 
pure  mineral  has  the  following  composition: — 

1  atom  of  alumina    -       -    15-42  per  cent. 
3  atoms  of  sulphuric  acid  -    35-99  „ 
18  atoms  of  water       -       -    48-59  ,, 


1  co- 
There  are  many  analyses  of  natural  specimens  closely  approaching  this.  It  is  found 
crystallised  in  a  close  mass  of  fine,  white,  flexible  needles,  of  a  feather  or  hair  form, 
and  has  been,  like  a  few  other  substances,  called  hair-salt.  It  is  also  found  with 
various  degrees  of  impurity,  sometimes  with  a  smaller  amount  of  water.  Knapp  has 
collected  the  following  list  of  analyses  : — 

Analyses  of  Natural  Sulphate  of  Alumina  or  Feather  Alum. 


Sulphuric 

.tcid. 
Alumina - 

Peroxide 
of  iron. 

Protoxide 

of  iron. 
Protoxide 
manga- 
nese. 
Potash  - 
Soda  -  - 
Lime  -  - 
Magnesia 
Muriatic 

acid. 
Silica  -  - 
Water  - 


Boussingault. 

Hart 
weU . 

MiU. 

H.  Rose. 

Gobel. 

Ber- 
thier 

Th. Thomson 

Hera- 
patl). 

Salilunho 
Pasto. 

Pyromeni, 
Island  Milo^ 

Bogota. 

Coquimbe, 
Chili. 

Kolosorat, 
Bohemia. 

fa 

Potschoppel, 
Dresden. 

Freienwalde. 

Ararat. 

§6 

Andes. 

Campsle. 

Adelaide. 
N.  S.  Wales. 

35-68 

36-400 

40-31 

29-00 

36-97 

35-82 

37-380 

35-710 

35*637 

58-58 

12-9 

35-872 

40-425 

35-63 

14-98 

16-000 

14-98 

15-0 

14  63 

15-57 

14-867 

12-778 

11-227 

38-75 

41-5 

14-645 

10-485 

17-09 

0004 

1-2 

2-58 

2-463 

0-  667 

1-  018 

0-718 
0-307 

+  So3  2-78 

0-500 

8-630 

i 

0-04 
Ox- 
ide ul 
Cop- 
per. 

0'002 
0  004 

0-  26 

1-  13 

0'85 
0-40 

'6'l4 

0-215 
0-149 

0-324 

o"640 
0-273 

0-430 

0-  449 

1-  912 

2'-262 

1-172 

49 '34 

4g"-600 

1-13 
40-94 

30 
51-8 

1-37 
44-64 

48-61 

45-164 

17-022 

0-430 
48-847 

3-5 
42-1 

O-IOO 
40-375 

30'-"295 

0  50 
46  70 

100-00 

99-010 

00-00 

100-0 

00-33 

100-00 

00-23S 

18-432 

100000 

10011 

00-0 

99-754 

36-901 

59-96 
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The  manufacture  of  alum  involves  the  making  of  sulphate  of  alumina  in  the  first 
instance  in  all  cases  where  potash  is  not  present  m  the  ore;  for  this  reason  the 
descrintion  of  both  is  included  in  one  article.  . 

OrrorX,. Va<enaZ.-The  chief  difficulty  in  manufacturing  alum  has  been  the 
solution  of  the  alumina.  This  substance  is  generally  combmed  with  sdica  in  such  a 
strong  combination,  that  even  powerful  acids  cannot  renK-ye  it  without  assi  tan ce 
The  older  methods,  however,  took  no  notice  of  these  difficulties,  and  obtained  the 
alum  more  or  less  directly  from  nature.  The  method  now  practised  at  the  Solfatara 
di  Pozzuoli  and  the  island  Vulcano  is  simply  to  take  the  efiaorescence  and  the  earth 
containing  it,  wash  it  with  water,  and  concentrate.  But  it  very  seldoin  contains  a 
sufficient  amount  of  potash  to  foi-m  alum.  A  salt  of  potash  is  then  added,  chiefly 
a  carbonate.  To  transform  this  into  a  sulphate,  a  portion  of  the  sulphate  of  alumina 
is  decomposed.  The  use  of  a  carbonate  is  a  wasteful  method  of  modern  times  ;  the 
ancients  would  have  felt  no  difficulty,  but  boiled  all  down,  and  so  obtained  the  whole 
alumina  there.  Their  product,  therefore,  would  have  been  basic  sulphate  of  alumina, 
which  it  evidently  was  when  this  practice  was  resorted  to.  When  they  merely  con- 
centrated and  then  crystallised,  they  got  pure  alum ;  but  they  lost  a  great  deal  of 
their  alumina. 

At  Tolfa  the  alum  is  obtained  from  a  compact  crystalline  substance  called  alunite. 
The  analysis  of  Cordier  makes  it  a  combination  of  alum  with  alumina.  If  treated 
with  water  only,  it  will  not  give  out  alum  ;  but  if  moderately  calcined,  it  breaks  up, 
gives  out  a  large  amount  of  alum,  and  the  liquid  is  then  boiled  down  for  crystalli- 
sation. 

Here  are  specimens  of  the  ore,  two  of  which  contain  a  considerable  amount  of  pot- 
ash. As  there  is  seldom  enough  of  potash  found,  it  must  be  added  in  the  form  of 
sulphate  of  potash  or  chloride  of  potassium. 


Sulphuric  acid 

36-187 

34-6 

20-06 

Alumina 

400 

39-70 

Potash  - 

10-824 

15-8 

Lime  030 

Water  - 

18-124 

10-6 

59-94 

100-240 


100-0 


120-00 


These  formations  of  alum  are  generally  found  where  sulphurous  gases  are  exhaled : 
the  rock  is  gradually  decomposed. 

It  is  not,  however,  found  so  rich  in  the  great  majority  of  cases.  The  following  are 
analyses  of  some  alum  stones : — 


Klaproth. 

Klaproth. 

Descotil. 

Cordier. 

Tolfa 
Alum  Stone. 

Beregszaz 
Alum  Stone. 

Montione. 

Mont  d'Or. 

Silica    -       .       -       -  . 

56-5 

62-3 

28-4 

Alumina        -       .       .  . 

19-0 

17-5 

40-0 

31-8 

Sulphuric  acid        -       -  . 

16-5 

12-5 

35-6 

27-0 

Potash  -       -       .       -  - 

4-0 

1-0 

13-8 

5-8 

Water   -       -       -       .  _ 

30 

5-0 

10-0 

3-7 

Oxide  of  iron  ... 

1-4 

When  there  is  no  silica,  but  only  sulphuric  acid,  alumina,  and  potash,  we  have  a 
natural  alum,  and  in  that  case  there  is  nothing  to  be  done  towards  the  manufacture. 
But  it  rarely  happens  that  the  constituents  exist  in  a  proportion  to  form  the  crystalline 
salt.  There  may  be  sulphate  of  alumina,  hydrate  of  alumina,  and  some  true  alum,  or 
sulphate  of  alumina  and  potash.  This  excess  of  hydrate  of  alumina  forms,  when 
united  with  the  sulphate,  a  basic  or  insoluble  sulphate  of  alumina,  and  nothing 
but  the  sulphate  of  potash  becomes  soluble.  When  the  hydrate  is  heated  the  water 
escapes ;  the  sulphate  of  alumina  and  potash  are  then  capable  of  being  washed  out 
together,  and  alum  is  obtained.  At  Tolfa  it  is  obtained  in  crystals,  covered  over  with 
a  light  red  powder  of  peroxide  of  iron.  This  reddish  covering  always  accompanies 
the  Roman  or  partly  cubical  alum,  and  it  has  been  sometimes  added  in  order  to  give 
common  alum  the  appearance  of  the  Roman. 

As  the  principal  difficulty  in  the  manufacture  of  alum  is  the  solution  of  the  alumina 
It  IS  unfortunate  that  so  much  of  the  hydrate  is  destroyed,  as  in  the  process  men- 
tioned, when  sulphuric  acid  would  readily  dissolve  it  and  greatly  increase  the  produce. 
By  the  method  described  to  us  the  measure  of  alum  is  simply  the  amount  of  the 
potash.    All  that  cannot  find  potash  to  unite  with  is  lost. 
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thi^alStmat'aVTolS"!!"^     '  specimen  of  one  of  the  alum  stones  from  .hicU 


Sulphate  of  potash  - 
Sulphate  of  alumina  - 
Hydrate  of  alumina  - 


18-53 
38-50 
42-97 


To  transform  this  compound  into  alum,  it  is  necessary  merely  to  remove  the  alumina 
would^^how  ^  aluminous  stone,  however,  is  rarely  so  pure  as  the  above  analysis 

Occasionally  ammonia-alum  is  found  in  nature.  Analyses  have  been  made  of 
specimens  from  Tschermig,  in  Bohemia,  by  Stromeyer :  


Alumina 
Ammonia 
Magnesia 
Sulphuric  acid 
Water  - 


11-602 
3-721 
0-115 
36-065 
48-390 

99-893 


Sulphate  of  alumina  - 
Sulphate  of  ammonia  - 
Sulphate  of  magnesia  - 
Water  ... 


Soda-alum  is  also  found  naturally. 

Alum  from  Peru,  by  T.  Thomson. 
Sulphate  of  soda  -  -      .      .  _ 

Alumina 

Sulphuric  acid  - 
Water  - 


38-688 
12-478 
0-337 
48-390 

99-893 


6-50 
22-55 
32-95 
39-20 


101-20 

From  the  Andes. 


Sulphuric  acid     -  36-199 

Alumina  n-sn 

Soda  7-259 

Water-       -  43-819 

Silica  0-180 

Lime   o-255 

Peroxide  of  iron  ------  0-199 

Protoxide  of  iron  -------  -  0-760 


100-162 

Alum  occurs  ready  formed  in  nature  in  the  alum  stones  of  Italy,  &c.,  as  an  efflo- 
rescence on  stones,  and  in  certain  mineral  waters  in  the  East  Indies.  The  alum  of 
European  commerce  is  manufactured  artificially,  either  from  the  alum  schists  or  stones, 
or  from  clay.  The  mode  of  manufacture  differs  according  to  the  nature  of  these 
earthy  compounds.  Some  of  them,  such  as  the  alum  stone,  contain  all  the  elements 
of  the  salt,  but  mixed  with  other  matters,  from  which  it  must  be  freed.  The  schists 
contain  only  the  elements  of  two  of  the  constituents,  namely,  clay  and  sulphur,  which 
are  convertible  into  sulphate  of  alumina,  and  this  may  be  then  made  into  alum  by 
adding  the  alkaline  ingredient.  To  this  class  belong  the  alum  slates,  and  other 
analogous  schists,  containing  brown  coal. 

1.  Ma7iufacture  of  Alum  from  the  Alum  Stone. —  The  alum  stone  is  a  rate  mineral, 
being  found  in  moderate  quantity  at  Tolfa,  and  in  larger  in  Hungary,  at  Beregszaz, 
and  Muszag,  where  it  forms  entire  beds  in  a  hard  substance,  partly  characterised  by 
numerous  cavities,  containing  drusy  crystallisations  of  alum  stone  or  basic  alum.  The 
larger  lumps  contain  more  or  fewer  flints  disseminated  through  them,  and  are,  accord- 
ing to  their  quality,  either  picked  out  to  make  alum,  or  thrown  away.  Tlie  sorted 
pieces  are  roasted  or  calcined,  by  which  operation  apparently  the  hydrate  of  alumina, 
associated  with  the  sulphate  of  alumina,  loses  its  water  and  its  affinity  for  alum.  It 
becomes,  therefore,  free  ;  and  during  the  subsequent  exposure  to  the  weather  the 
stone  gets  disintegrated,  and  the  alum  becomes  soluble  in  water. 

The  calcination  is  performed  in  common  lime  kilns  in  the  ordinary  way.  In  the 
regulation  of  the  fire  it  is  requisite,  here,  as  with  gypsum,  to  prevent  any  fusion  or 
running  together  of  the  stones,  or  even  any  disengagement  of  sulphuric  or  sulphurous 
acids,  which  would  cause  a  corresponding  diminution  in  the  produce  of  alum.  For  this 
reason  the  contact  of  the  ignited  stones  with  carbonaceous  matter  ought  to  be  avoided. 

The  calcined  alum  stones,  piled  in  heaps  from  2  to  3  feet  high,  are  to  bo  exposed 
to  the  weather,  and  meanwhile  they  must  be  continually  kept  moist  by  sprmkliug 
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which  four  specimens  are  here  given. 


Berthier. 


Phillips. 


R.D.  Thomson. 


Sulphuric  acid 
Protoxide  of  iron 
Alumina 
Magnesia 
Water  - 


34-4 
12-0 
8-8 
0-8 
44-0 


30-9 
20-7 
5-2 


35-60 
13'.')6 
7-127 


28-635 
19-935 
2-850 


43-2 


43-713 


48-580 


100-0 


100-0 


100-000 


100-000 


This  -was  a  kind  of  feather  alum  or  hair  salt. 

2.  Alum  Manufacture  from  Abim  Schist. — The  greater  portion  of  the  alum  found  in 
British  commerce  is  made  from  alum  slate  and  analogous  minerals.  This  slate  con- 
tains more  or  less  iron  pyrites,  mixed  with  coaly  or  bituminous  matter,  which  is  oc- 
casionally so  abundant  as  to  render  the  schist  somewhat  combustible.  In  the  strata  of 
brown  coal  and  bituminous  wood,  where  the  upper  layers  lie  immediately  under 
clay  beds,  they  consist  of  the  coaly  substance  rendered  impure  with  clay  and  pyrites. 
This  triple  mixture  constitutes  the  essence  of  all  good  alum  schists,  and  it  operates 
spontaneously  towards  the  production  of  sulphate  of  alumina.  The  coal,  besides  burn- 
ing, serves  to  make  the  texture  open,  and  to  allow  the  air  and  moistui-e  to  penetrate 
freely,  so  as  to  change  the  sulphur  and  iron  present  into  acid  and  oxide.  When  these 
schists  are  exposed  to  a  high  temperature  in  contact  with  air,  the  pyrites  loses  one 
half  of  its  sulphur,  in  the  form  of  sublimed  sulphur  or  sulphurous  acid,  and  becomes 
a  black  sulphuret  of  iron,  which  speedily  attracts  oxygen,  and  changes  to  sulphate 
of  iron,  or  green  vitriol.  The  brown  coal  schists  contain,  commonly,  some  green 
vitriol  crystals  spontaneously  formed  in  them.  The  sulphate  of  iron  transfers  its 
acid  to  the  clay,  progressively,  as  the  iron,  by  the  action  of  the  air  with  a  little  ele- 
vation of  temperature,  becomes  peroxidised;  whereby  sulphate  of  alumina  is  produced. 
A  portion  of  the  green  vitriol  remains,  however,  undecomposed,  and  so  much  the  more 
as  there  may  happen  to  be  less  of  other  salifiable  bases  present  in  the  clay  slate. 
Should  a  little  magnesia  or  lime  be  present,  the  vitriol  gets  more  completely  decom- 
posed, and  a  portion  of  Epsom  salt  and  gypsum  is  produced. 

The  production  of  alum  from  alum  stone,  in  which  the  whole  ingredients  have  been 
found,  has  been  far  from  enough  for  the  supply  of  the  world,  and  recourse  has  been 
had  to  substances  very  different  in  composition, —  alum  shale,  or  schist,  and  clay. 
Until  within  a  few  years  the  only  supply  of  alum  in  Britain  has  been  from  the  lias 
shales  of  Whitby,  and  the  lower  coal  measures  of  Campsie  and  Hurlet,  near  Glasgow, 
and  they  are  still  the  only  places  where  it  is  manufactured  from  the  ore,  as  it  is 
called. 

The  manufacture  of  alum  from  alum  schists  maybe  described  under  the  six  follow- 
ing heads  : —  The  preparation  of  the  alum  shale.  2.  The  lixiviation  of  the  shale. 
3.  The  evaporation  of  the  lixivium.  4.  The  addition  of  the  saline  ingredients,  or  the 
precipitation  of  the  alum.  5.  The  washing  of  the  aluminous  salts  ;  and,  6.  The 
crystallisation. 

1.  Preparation  of  the  Alum  Shale.  —  Some  alum  shales  are  of  such  a  nature  that, 
being  piled  in  heaps  in  the  open  air,  and  moistened  from  time  to  time,  they  get  spon- 
taneously hot,  and  by  degrees  fall  into  a  pulverulent  mass,  ready  to  be  lixiviated.  The 
greater  part,  however,  require  the  process  of  ustulation,  from  which  they  derive  many 
advantages.  The  cohesion  of  the  dense  shale  is  thereby  so  much  impaired  that  its 
decomposition  becomes  more  rapid ;  the  decomposition  of  the  pyrites  is  quickened  by 
the  expulsion  of  a  portion  of  the  sulphur;  and  the  readj'-formed  green  vitriol  is  partly 
decomposed  by  the  heat,  with  a  transference  of  its  sulphuric  acid  to  the  clay,  and  the 
production  of  sulphate  of  alumina. 

Such  alum  shales  as  contain  too  little  bitumen  or  coal  for  the  roasting  process  must 
be  interstratified  with  layers  of  small  coal  or  brushwood  over  an  extensive  surface. 
At  Whitby  the  alum-rock,  broken  into  small  pieces,  is  laid  upon  a  horizontal  bed  of 
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S'  *=^P°se'i  °f  brushwood  J  but  at  Hurlet  small  coal  is  chiefly  used  for  the  lower 
Itt        r  ^"""^  °^  '^"^      P''^'^  to  the  bottom  in  varilul 

?xru-  i  ^""^^    ^'"'•y  kindled,  more  rock  is  placed  over  the  ton  At 

Whitby  this  pihng  process  is  continued  till  the  calcining  heap  is  raised  to  the  heiirlit 
of  90  or  100  feet.  The  horizontal  area  is  also  augmented  'at  the  same  time  till  i 
torins  a  great  bed  nearly  200  feet  square,  having  therefore  about  100  000  vards  of 
solid  measurement.  The  rapidity  of  the  combustion  is  tempered  by  plasterinc  ud  the 
crevices  with  small  schist  moistened.  When  such  an  immense  mass  is  inflamed  the 
heat  IS  sure  to  rise  too  high,  and  an  immense  waste  of  sulphur  and  sulphuric  'acid 
must  ensue  This  evil  has  been  noticed  at  the  Whitby  works.  A  t  Hurlet  the  height 
to  which  the  heap  is  piled  is  only  a  few  feet,  while  the  horizontal  area  is  expanded  • 
which  IS  a  much  more  judicious  arrangement.  At  Whitby  130  tons  of  calcined 
schist  produces  on  an  average  1  ton  of  alum.  In  this  humid  climate  it  would  be  ad- 
visable to  pile  up  on  the  top  of  the  horizontal  strata  of  brushwood  or  coal  and  schist 
a  pyramidal  mass  of  schist,  which,  having  its  surface  plastered  smooth,  with  only  a 
few  air-holes,  will  protect  the  mass  from  the  rains,  and  at  the  same  time  prevent  the 
combustion  from  becoming  too  vehement.  Should  heavy  rains  supervene  a  gutter 
must  be  scooped  out  round  the  pile  for  receiving  the  aluminous  lixivium, 'and  con- 
ducting it  mto  the  reservoir. 

It  may  be  observed,  that  certain  alum  schists  contain  abundance  of  combustible 
matter,  to  keep  up  a  suitable  calcining  heat  after  the  fire  is  once  kindled ;  and  there- 
fore nothing  is  needed  but  the  first  layer  of  brushwood,  which,  in  this  case  may  be 
laid  over  the  first  bed  of  the  bituminous  schist.  ' 

A  continual  but  very  slow  heat,  with  a  smothered  fire,  is  most  beneficial  for  the 
ustulation  of  alum-slate.  When  the  fire  is  too  brisk,  the  sulphuret  of  iron  may  run 
with  the  earthy  matters  into  a  species  of  slag,  or  the  sulphur  will  be  dissipated  in 
vapour,  by  both  of  which  accidents  the  product  of  alum  will  be  impaired.  Those 
bituminous  alum  schists  which  have  been  used  as  fuel  under  steam  boilers  have 
suffered  such  a  violent  combustion  that  their  ashes  yield  almost  no  alum.  Even  the 
best  regulated  calcining  pipes  are  apt  to  burn  too  briskly  in  high  winds,  and  should 
have  their  draught-holes  carefully  stopped  under  such  circumstances.  It  may  be 
laid  down  as  a  general  rule,  that  the  slower  the  combustion  the  richer  the  roasted  ore 
will  be  in  sulphate  of  alumina.  When  the  calcination  is  complete,  the  heap  diminishes 
to  one-half  its  original  bulk ;  it  is  covered  with  a  light  reddish  ash,  and  is  open  and 
porous  in  the  interior,  so  that  the  air  can  circulate  freely  throughout  the  mass.  To 
favour  this  access  of  air,  the  masses  should  not  be  too  lofty  ;  and  in  dry  weather  a 
little  water  should  be  occasionally  sprinkled  on  them,  which,  by  dissolving  away  some 
of  the  saline  matter,  will  make  the  interior  more  open  to  the  atmosphere. 

Messrs.  Richardson  and  Ronalds  have  given  some  very  minute  analyses  of  the 
Whitby  and  Campsie  shales. 


Whitby. 

Campsie. 

Top 

Bottom 

Top 

Top 

Bottom 

Rock. 

Kock. 

Rock. 

Rock. 

Rock. 

22-36 

23-44  "1 

9-63 

18-16 

15-04/ 

Sulphuret  of  iron  - 

4-20 

8-DO 

Silica                           -       -  - 

52-25 

5116 

15-40 

15-40 

0-47 

Protoxide  of  iron     -       .       -  - 

8-49 

6-11 

2-18 

Alumina  ------ 

18-75 

18-30 

11-35 

11-64 

18-91 

Lime  ------ 

1-25 

2-15 

1-40 

2-22 

0-40 

Magnesia        -       -       .       .  . 

0-91 

0-90 

0.50 

0-32 

2-17 

Oxide  of  manganese  -       -       -  - 

traces 

traces 

0-15 

0-55 

Sulphuric  acid  -       -       -      -  - 

1-37 

2-50 

0-05 

Potash  ------ 

0-13 

traces 

0-90 

1-26 

Soda  

0-20 

traces 

0-21 

Chlorine  ------ 

traces 

traces 

Carbon  and  loss      .       -       -  - 

29-78 

28-80 

Coal  

4-97 

8-29 

8-51 

Loss  ------ 

3-13 

0-59 

Water 

2-88 

2-00 

8-54 

95-40 

91-91 

100-00 

99-99 

100-00 
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As  the  Top  one  contains  a  larger  excess  of  iron  pyrites  than  the  Bottom,  they  are 
mixed  so  as  to  dififuse  the  sulphuric  acid  equally. 

Erdmann  has  thus  analysed  his  German  specimens  .— 


Soluhle  in  acid. 


Insoluble  in  acid. 


Sulphuret  of  iron 
Silica  - 
Peroxide  of  iron 
Alumina 
Lime 
Magnesia 
Silica  - 
Alumina 
Peroxide  of  iron 
Magnesia 
Lime  - 
Coal  - 
Water  - 


Garnsdorff. 

Wezelstein. 

_  _ 

7-533 

10-166 

- 

0-060 

0-100 

0-966 

2-466 

1-833 

3-166 

0-400 

1-000 

trace 

1-022 

50-066 

52-200 

8-900 

17-900 

1-300 

3-566 

1-000 

1-133 

trace 

trace 

22-833 

0-805 

2-208 

5-080 

Other  shales  -will  he  found  of  interest ;  the  following  are  by  G.  Kersten  :  ■ 


Carbonaceous  matter  - 

Silica  -  -  - 
Peroxide  of  iron 

Alumina    -       -  - 

Magnesia  -       -  - 

Sulphur     -       -  - 

Oxide  of  manganese  - 
Sulphate  of  lime 


Hermann- 
schachte. 

Gluckauf- 
gung. 

Blucher- 
schachte. 

41-10 

27-92 

34-20 

44-02 

51-32 

50-21 

6-23 

8-40 

0-42 

5-60 

7-62 

5-21 

0-32 

0-26 

0-53 

1-25 

2-89 

1-72 

0-12 

traces 

traces 

traces 

traces 

traces 

98-64 

98-41 

98-39 

Shales  from  Freienwalde, 

Shales  from  Puzberff, 

by  Klaproth. 

by  Bergemann. 

Alumina 

16-000 

10-80 

Silica  -       -       -  - 

40-00 

-  45-30 

Magnesia  - 

0-25 

Sulphur      -       .  - 

2-85 

3-94 

Carbon  - 

19-65 

5-95 

Protoxide  of  iron 

6-40 

5-50 

Oxide  of  manganese 

0-60 

Sulphate  of  protoxide  of 

iron  - 

1-80 

5-73 

„        „  alumina 

1-20 

,.        „  lime 

1-50 

1-71 

„        „  potash 

1-50 

1-75 

Chloride  of  potassium  - 

0-50 

0-35 

Sulphuric  acid 

0-47 

Water         -       -  - 

10-75 

16-50 

101-20 

99-70 

Here  the  sulphur  has  evidently  existed  in  combination  -with  iron,  -which  has  been 
united  to  oxygen  by  the  analysts.  The  amount  of  sulphate  shows  a  partial  disin- 
tegration and  other  changes. 

Lampadius  gives  another  with  much  more  sulphur  : — 
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Alum  Shale  from  Sielida. 
Sulphate  of  alumina  o.gg 
Potash-alum        -       -       -       -       .       .       .       _  ^.^^ 
Sulphate  of  iron  -       -  o-95 
Sulphate  of  lime  •  -       -       -       -  . 

Silica  -       .       -       .       .       .       .  _ 


 1-70 

10-32 

 9-21 

traces 

Oxide  of  manganese 

Sulphur  ».,„ 
Water   -       -       7  16 


Alumina 
Magnesia 
Oxide  of  iron 


Carbon 


33-90 
31-03 


100-00 


When  alum  is  made  of  such  shale,  the  object  is  first  of  all  to  oxidise  the  sulphur, 
formmg  sulphunc  acid.  This  acid  then  dissolves  the  alumina.  The  result  miy  be 
accomplished  by  allowmg  the  shale  to  disintegrate  spontaneously  in  the  air,  the 
sulphur  oxidising  and  dissolving  the  alumina.  But  in  general,  as  at  Whitby  and 
Campsie,  combustion  must  be  resorted  to.  This  can  be  accomplished  without  the  use 
ot  coal,  turther  than  is  needful  simply  to  set  fire  to  that  portion  which  exists  in  the 
snale  itsell.  Indeed,  the  Campsie  one,  having  more  coal  than  is  desirable  for  slow 
combustion,  is  mixed  with  some  spent  material,  in  order  to  diminish  the  force  of  the 
neat. 

The  sulphur  is  united  with  the  iron,  forming  a  bisulphuret,  each  atom  of  which  must 
therefore  take  up  seven  atoms  of  oxygen,  FeS^H-  70  =  FeO  S0'+  S0».  When  com- 
bustion takes  place,  the  sulphur  oxidises :  if  rapid  combustion  is  used,  then  sulphurous 
acid  gas  escapes;  if  slow  combustion,  the  sulphurous  acid  penetrates  the  mass  slowly, 
receives  another  atom  of  oxygen,  unites  to  a  base,  and  a  sulphate  is  the  consequence, 
bulphate  of  iron  is  formed  and  pure  sulphuric  acid.  In  the  process  it  is  probable  that 
the  oxidation  is  completed  by  means  of  the  iron.  Protoxide  of  iron  readily  becomes 
peroxide  ;  the  sulphurous  acid  readily  decomposes  peroxide,  forming  sulphuric  acid 
and  protoxide  of  iron.  This  protoxide  of  iron  is  again  converted  into  peroxide,  and 
if  not  dissolved  is  rendered,  to  a  great  extent,  difficult  to  dissolve,  by  reason  of  the 
heat  of  the  mass.  For  this  reason  partly,  there  is  less  sulphate  of  iron  in  the  alum 
than  might  be  expected.  To  effect  these  changes  it  is  desirable  to  burn  very  slowly, 
so  as  to  allow  no  loss  of  sulphurous  acid,  and,  in  washing,  to  allow  the  water  to  stand 
a  long  time  on  the  burnt  ore.  Another  method,  by  which  the  sulphuric  acid  is 
transferred  to  the  alumina,  is  the  peroxidation  of  the  protoxide  in  the  sulphate  of 
iron  ;  acid  is  by  this  means  set  free  and  begins  to  act  on  the  alumina. 

The  protosulphate  of  iron  being  formed,  it  is  removed  by  boiling  down  the  liquor 
until  the  protosulphate  of  iron  crystallises  out,  at  the  same  time  the  solution  becoming 
saturated  with  the  aluminous  salt.  The  sulphate  of  iron  is  soluble  in  0-3  of  hot  water, 
the  alum  in  0-06.  The  liquid  around  the  crystals  on  the  remaining  mother  liquor 
contains  iron  also  ;  this  is  washed  off  by  adding  pure  liquors. 

The  presence  of  lime  or  magnesia  in  the  ores  is,  of  course,  a  means  of  abstract- 
ing acid,  preventing  the  alumina  being  dissolved,  and  even  precipitating  it  when 
dissolved. 

Knapp  says  that  at  Salzweiler,  near  Duttweiler,  in  Rhenish  Prussia,  the  roasting 
of  the  ore  takes  place  in  the  pit  or  mine.  The  stratum  of  brown  coal  which  lies 
under  it,  having  been  accidentally  set  fire  to  in  1660,  has  smouldered  till  the  present 
time  without  intermission. 

When  the  ores  are  roasted,  one  half  of  the  sulphur  is  freed  and  sent  into  the  mass 
or  escapes  as  sulphurous  acid ;  and  the  remaining,  protosulphuret  of  iron,  is  after- 
wards converted  into  green  vitriol. 

When  the  calcined  mineral  becomes  thoroughly  cold,  we  may  proceed  to  the 
lixiviation.  But  as,  from  the  first  construction  of  the  piles  or  beds  till  their  com- 
plete calcination,  many  weeks,  or  even  months,  may  elapse,  care  ought  to  he  taken  to 
provide  a  sufficient  number  or  extent  of  them,  so  as  to  have  an  adequate  supply  of 
material  for  carrying  on  the  lixiviating  and  crystallising  processes  during  the  course 
of  the  year,  or  at  least  during  the  severity  of  the  winter  season,  when  the  calcination 
may  be  suspended,  and  the  lixiviation  becomes  unsatisfactory.  The  beds  are  known 
to  be  sufficiently  decomposed  by  the  efflorescence  of  the  salt  which  appears  upon  the 
stones,  from  the  strong  aluminous  taste  of  the  ashes,  and  from  the  appropriate 
chemical  test  of  lixiviating  an  aliquot  average  portion  of  the  mass,  and  seeing  how 
much  alum  it  will  yield  with  solution  sulphate  of  potash  or  chloride  of  potassium. 
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o  The  Lh-ivialion  -  The  lixiviation  is  best  performed  in  stone-built  cisterns; 
ti.LS;SC:ver  strong  at  fir 

ought  to  be  erected  in  the  ^^JSf  ^-^^^^^^^i^J^t  from  cisterns  may  spon- 

of  transport,  and  so  arranged  that  the  solutions  iromi        „  ^^^^ 
taneously  flow  into  the  lower.    In  this  point  o(j^ew>p^  sloping  terr 
situation  for  au  alum  work.    In  the  lowest  part  of  this  terrace,  an"  m  '  s 
hou?hood  of  the  boiling-house,  there  ought  to  be  two  or  more  arge  tanks  for  ho  dmg 
the  crude  lixivium,  and  they  should  be  protected  from  ^^.^f'^'^y^-He  placed 
Upon  a  somewhat  higher  level  the  cisterns  of  the  clea,r  l'^^^"^  Pf^/t^ 
Into  the  highest  range  of  cisterns  the  calcined  mineral  is  to  be  put,  taking  care  to 
lay  the  largest  lumps  at  the  bottom,  and  to  cover  them  with  lighter  ashes.    A  suffi- 
cient quantfty  of  water  is  now  to  be  run  over  it,  and  allowed  to  rest  tor  some  ime 
The  lixivium  may  then  be  drawn  off,  by  a  stopcock  connected  with  a  pipe  at  tne 
bottom  of  the  cistern,  and  run  into  another  cistern  at  a  somewhat  lower  ievei. 
Fresh  water  must  now  be  poured  on  the  partly  exhausted  schist,  and  allowea  to 
remain  for  a  sufficient  time.  This  lixivium,  being  weak,  should  be  run  off  into  a  separate 
tank     In  some  cases  a  third  addition  of  fresh  water  may  be  requisite,  and  the  weak 
lixivium  which  is  drawn  off  may  be  reserved  for  a  fresh  portion  of  calcined  mineral. 
In  order  to  save  evaporation,  it  is  always  requisite  to  strengthen  weak  leys  by 
employing  them  instead  of  water  for  fresh  portions  of  calcined  schist.    Upon  tne 
ingenious  disposition  and  form  of  these  lixiviating  cisterns,  much  of  the  economy  and 
success  of  an  alum  work  depends.    The  hydrometer  should  he  always  used  to  deter- 
mine the  degree  of  concentration  which  the  solutions  acquire. 

The  lixiviated  stone,  being  thus  exhausted  of  its  soluble  ingredients,  is  to  be 
removed  from  the  cisterns,  and  piled  up  in  a  heap  in  any  convenient  place,  where  it 
may  be  left,  either  spontaneously  to  decompose,  or,  after  drying,  subjected  to  another 

calcination.                                                               .       ,    -i  j.  n 

After  calcining  and  washing  the  Campsie  ores,  the  residue  had  the  following  com- 
position :  — 

SUica   38-40 

Alumina                                                          -  12'70 

Peroxide  of  iron     -.-«---  20'80 

Oxide  of  manganese  traces 

Lime   2-07 

Magnesia                                                         -  2'00 

Potash   I'OO 

Sulphuric  acid  10-76 

Water    -       -       -       -   12-27 

100-00 


It  is,  therefore,  very  far  from  being  a  complete  process ;  but  it  is  not  considered 
profitable  to  remove  the  whole  of  the  alumina.  In  some  places  the  exhausted  ore  is 
burnt  a  second  time  with  fresh  ore,  as  at  Campsie,  but  we  are  not  told  the  estimated 
exhaustion. 

The  density  of  the  solution  may  be  brought,  upon  an  average,  up  to  the  specific 
gravity  of  from  ]-09  to  1-15.  The  latter  density  may  always  be  obtained  by  pumping 
up  the  weaker  solutions  upon  fresh  calcined  mine.  This  strong  liquor  is  then  drawn 
olF,  when  the  sulphate  of  lime,  the  oxide  of  iron,  and  the  earths  are  deposited.  It  is 
of  advantage  to  leave  the  liquor  exposed  to  air  for  some  time,  -whereby  the  green 
vitriol  may  pass  into  a  persulphate  of  iron  with  the  deposition  of  some  oxide,  when 
the  acid  will  act  better  on  the  clay  present,  so  as  to  increase  the  quantity  of  sulphate 
of  alumina.  The  manufacture  of  alum  is  the  more  imperfect,  as  the  quantity  of  sul- 
phate of  iron  left  undecomposed  is  greater,  and  therefore  every  expedient  ought  to  be 
tried  to  convert  the  sulphate  of  iron  into  sulphate  of  alumina. 

3.  The  Evaporation  of  the  Schist  Lixivium.  —  As  the  aluminous  liquors,  however 
well  settled  at  first,  are  apt,  on  the  great  scale,  to  deposit  earthy  matters  in  the  course 
of  their  concentration  by  heat,  they  are  best  evaporated  by  a  surface  fire,  such  as  that 
employed  at  Hurlet  and  Campsie.  A  water-tight  stone-cistern  must  be  built,  having 
a  layer  of  well-rammed  clay  behind  the  flags  or  tiles  which  line  its  bottom  and  sides. 
The  cistern  may  be  4  or  6  feet  wide,  2  or  3  feet  deep,  and  30  or  40  feet  long,  and  it 
is  covered  in  by  an  arch  of  stone  or  brickwork.  At  one  extremity  of  this  tunnel,  or 
covered  canal,  a  fire-grate  is  set,  and  at  the  other  a  lofty  chimney  is  erected.  The 
cistern  being  filled  to  the  brim  with  the  alum  ley,  a  strong  fire  is  kindled  in  the  re- 
verberatory  grate,  and  the  flame  and  hot  air  arc  forced  to  sweep  along  the  surface  of 
the  liquor,  so  as  to  keep  it  in  constant  ebullition,  and  to  carry  off  the  aqueous  parts  in 
vapour.    The  soot  which  is  condensed  in  the  process  falls  to  the  bottom,  and  leaves 
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the  body  of  the  liquor  clear.  As  the  concentratioi)  goes  on,  more  of  the  rough  lixi- 
vium is  run  in  from  the  settling  cistern,  placed  on  a  some-what  higher  level,  till  the 
■whole  gets  charged  -with  a  clear  liquor  of  a  specific  gravity  sufSciently  high  for 
transferring  into  the  proper  lead  boilers. 

At  Whitby,  the  lead  pans  are  10  feet  long,  4  feet  9  inches  -wide,  2  feet  2  inches 
deep  at  the  one  end,  and  2  feet  8  inches  deep  at  the  other.  This  increase  of  depth 
and  corresponding  slope  facilitates  the  decantation  of  the  concentrated  lixivium  by 
means  of  a  syphon  applied  at  the  lower  end.  The  bottom  of  the  pan  is  supported  by  a 
series  of  parallel  iron  bars  placed  very  near  each  other.  In  these  lead  pans  the 
liquor  is  concentrated,  at  a  brisk  boiling  heat,  by  means  of  the  flame  of  a  flue  beneath 
them.  Every  morning  the  pans  are  emptied  into  a  settling  cistern  of  stone  or  lead. 
The  specific  gravity  of  the  liquor  should  be  about  1-4  or  1-5,  being  a  saturated  solu- 
tion of  the  saline  matters  present.  The  proper  degree  of  density  must  vary,  however, 
with  different  kinds  of  lixivia,  and  according  to  the  different  views  of  the  manufac- 
turer. For  a  liquor  which  consists  of  two  parts  of  sulphate  of  alumina,  and  one  part 
of  sulphate  of  iron,  a  specific  gravity  of  1-25  may  be  sufiicient ;  but  for  a  solution 
which  contains  two  parts  of  sulphate  of  iron  to  one  of  sulphate  of  alumina,  so  that  the 
green  vitriol  must  be  withdrawn  first  of  all  by  crystallisation,  a  specific  gravity  of 
1  '4  may  be  requisite. 

The  construction  of  an  evaporating  furnace  well  adapted  to  the  concentration  of 
aluminous  and  other  crude  lixivia  is  described  under  Soda.  The  liquor  basin  may 
be  made  of  tiles  or  flags  puddled  in  clay,  and  secured  at  the  seams  with  a  good 
hi/draulic  cement.  A  mortar  made  of  quicklime  mixed  with  the  exhausted  schist  in 
powder,  and  iron  turnings,  is  said  to  answer  well  for  this  purpose.  Sometimes  over 
the  reverberatory  furnace  a  flat  pan  is  laid,  instead  of  the  arched  top,  into  which  the 
crude  liquor  is  put  for  neutralisation  and  partial  concentration.  In  Germany,  such  a 
pan  is  made  of  copper,  because  iron  would  waste  too  fast,  and  lead  would  be  apt  to 
melt.  From  this  preparation-basin  the  under  evaporating  trough  is  gradually  supplied 
with  hot  liquor.  At  one  side  of  this  lower  trough,  there  is  sometimes  a  door,  through 
which  the  sediment  may  be  raked  out  as  it  accumulates  upon  the  bottom.  Such  a 
contrivance  is  convenient  for  this  mode  of  evaporation,  and  it  permits,  also,  any 
repairs  to  be  readily  made ;  but,  indeed,  an  apparatus  of  this  kind,  well  mounted  at 
first,  will  serve  for  many  years. 

In  the  course  of  the  final  concentration  of  the  liquors,  it  is  customary  to  add  some 
of  the  mother  waters  of  a  former  process,  the  quantity  of  which  must  be  regulated  by 
a  proper  analysis  and  knowledge  of  their  contents.  If  these  mother  waters  contain 
much  free  sulphuric  acid,  they  may  prove  useful  in  dissolving  a  portion  of  the 
alumina  of  the  sediment  which  is  always  present  in  greater  or  less  quantity. 

4.  The  Precipitation  of  the  Alum  bij  adding  Alkaline  Salts.  —  As  a  general  rule,  it 
is  most  advantageous  to  separate,  first  of  all,  from  the  concentrated  clear  liquors,  the 
alum  in  the  state  of  powder  or  small  crystals,  by  addition  of  the  proper  alkaline 
•matters,  and  to  leave  the  mingled  foreign  salts,  such  as  the  sulphate  of  iron  or  mag- 
nesia, in  solution,  instead  of  trying  to  abstract  those  salts  by  a  previous  crystallisation. 
In  this  way  we  not  only  simplify  and  accelerate  the  manufacture  of  alum,  and_  leave 
the  mother  waters  to  be  worked  up  at  any  convenient  season,  but  we  also  avoid  the 
risk  of  withdrawing  any  of  the  sulphate  of  alumina  with  the  sulphate  of  iron  or  mag- 
nesia. On  this  account,  the  concentration  of  the  liquor  ought  not  to  be  pushed  so  far 
as  that,  when  it  gets  cold,  it  should  throw  out  crystals,  but  merely  to  the  verge  of 
this  point.  This  density  may  be  determined  by  suitable  experiments.  The  powder 
of  alum  is  also  called  ^our. 

The  clear  liquor  should  now  be  run  off  into  the  precipitation  cistern,  and  have  the 
sulphate  of  potash  or  chloride  of  potassium,  or  impure  sulphate  or  carbonate  of  am- 
monia, added  to  it.  The  sulphate  of  potash,  which  is  the  most  direct,  forms  18-34 
parts  out  of  100  of  crystallised  alum;  and  therefore  that  quantity,  or  an  equivalent 
in  chloride  of  potassium,  or  other  potash,  or  ammoniacal  salts,  must  be  mtroduced 
into  the  aluminous  liquor.  Since  sulphate  of  potash  takes  10  parts  of  cold  water 
to  dissolve  it,  but  is  much  more  soluble  in  boiling  water,  and  since  the  precipi- 
tation of  alum  is  more  abundant  the  more  concentrated  the  mingled  solutions  are  it 
would  be  prudent  to  add  the  sulphate  solution  as  hot  as  may  be  convenient :  but,  as 
chloride  of  potassium  is  fully  three  times  more  soluble  in  cold  water,  it  is  to  be  preferred 
as  a  precipitant,  when  it  can  be  procured  at  a  cheap  rate.  It  has,  also,  the  advantage 
of  decomposing  the  sulphate  of  iron  present  into  a  chloride,  a  salt  very  difficult  ot 
crystallisation,  and,  therefore,  less  apt  to  contaminate  the  crystals  of  alum.  Iho 
quantity  of  alkaline  salts  requisite  to  precipitate  the  alum,  in  a  granular  powder, 
from  the  lixivium,  depends  on  their  richness  in  potash  or  ammonia,  on  the  one  hand, 
and  on  the  richness  of  the  liquors  in  sulphate  of  alumina  on  the  other;  and  this  must 
be  ascertained,  for  each  large  quantity  of  product,  by  a  preliminary  exuerunent  m  a 
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...  ,  TT  o„  oi;n,mt  Tnpa<!iire  of  the  aluminous  liquor  being  taken, 
precipitation  g  ass.  Here  an  fJ^firsucJcssive  portions,  as  long  as  it  causes  any 
the  liquid  precipitant  must  be  added  >^  success  ve  p  „f  ^he  vessel, 

cloud,  when  the  quantity  added  will     J^^^e  |reat  scale;  but,  as  the 

A  very  exact  approximation  is  not  piacticaDie  ^^P""  '"J ^  excess  of  the  pre- 
mother^waters  are  afterwards  mixed  together  in  °°^"«  f™',Xte  at  another,  ^and 
cipitant  at  one  time  is  corrected  by  excess  l"'^"^^*,',^";^^ 
the  resulting  alum  meal  is  collected  at  the  bottom.  When  ^l^f,  P'^^^f  >,e 
powder  is  rhoroughly  settled  and  cooled,  /-P^-,«*tnt  Tlo wer  c ister"  xte 
drawn  oflf  by  a  pump,  or  rather  a  syphon  or  stopcock,  into 

more  completely  this  drainage  is  effected,  the  more  easily  and  completely  will  the 
alum  be  purified. 

100  parts  of  alum  are  formed  from  the  sulphate  of  alumina  liquor, 
by  18-32  of  sulphate  of  potash,  _ 
„   13-86  of  sulphate  of  ammonia, 
or  15-69  of  chloride  of  potassium. 

Sulphate  of  ammonia  is  soluble  in  1  of  hot  and  2  of  cold  water;  sulphate  of  potash  in 
nearly  10,  and  chloride  of  potassium  in  3,  of  water  of  ordinary  tempera  ure  ;  alum, 
in  13  parts  of  water.  A  portion  of  the  alum  formed  will  remam  m  solution ;  this 
will  depend  on  the  quantity  of  liquid  ;  the  rest  falls  as  a  powder. 

This  mother  liquor  has  generally  a  specific  gravity  of  1-4  at  a  medium  tempera- 
ture of  the  atmosphere,  and  consists  of  a  saturated  solution  of  sulphate  or  muriate  ot 
black  and  red  oxide  of  iron,  with  sulphate  of  magnesia,  in  certain  localities,  and 
chloride  of  sodium,  when  kelp  salts  have  been  used  as  a  precipitant,  as  also  a  saturated 
solution  of  sulphate  of  alumina.  By  adding  some  of  it,  from  time  to  time,  to  the 
fresh  Uxivia,  a  portion  of  that  sulphate  is  converted  into  alum;  but,  eventually,  the 
mother  water  must  be  evaporated,  so  as  to  obtain  from  it  a  crop  of  ferruginous 
crystals;  after  which  it  becomes  capable,  once  more,  of  giving  up  its  alum  to  the 
alkaline  precipitants.  „    ,  ,        „ .  -, 

When  the  aluminous  lixivia  contain  a  great  deal  of  sulphate  of  iron,  it  may  be  good 
policy  to  withdraw  a  portion  of  it  by  crystallisation  before  precipitating  the  alum. 
With  this  view,  the  liquors  must  be  evaporated  to  the  density  of  1-4,  and  then  run 
off  into  crystallising  stone  cisterns.  After  the  green  vitriol  has  crystallised,  the  liquor 
should  be  pumped  back  into  the  evaporating  pan,  and  again  brought  to  the  density  of 
1-4.  On  adding  to  it,  now,  the  alkalino-saline  precipitants,  the  alum  will  fall  down 
from  this  concentrated  solution,  in  a  very  minute  crystalline  powder,  easy  to  wash 
and  purify.  But  this  method  requires  more  vessels  and  manipulation  than  the 
preceding,  and  should  only  be  had  recourse  to  from  necessity ;  since  it  compels  us  to 
carry  on  the  manufacture  of  both  the  valuable  alum  and  the  lower  priced  salts  at  the 
same  time ;  moreover,  the  copperas  extracted  at  first  from  the  schist  liquors  carries 
with  it,  as  we  have  said,  a  portion  of  the  sulphate  of  alumina,  and  acquires  thereby  a 
dull  aspect ;  whereas  the  copperas  obtained  after  the  separation  of  the  alum  is  of  a 
brilliant  appearance. 

.5.  The  Washing,  or  Edulcoration,  of  the  Alum  Powder.  —  This  crystalline  pulverulent 
matter  has  a  brownish  colour,  from  the  admixture  of  the  ferruginous  liquors ;  but  it 
may  be  freed  from  it  by  washing  with  very  cold  water,  which  dissolves  not  more 
than  one-eighteenth  of  its  weight  of  alum.  After  stirring  the  powder  and  the  water 
well  together,  the  former  must  be  allowed  to  settle,  and  then  the  washing  must  be 
drawn  off.  A  second  washing  will  render  the  alum  nearly  pure.  The  less  water  is 
employed  and  the  more  effectually  it  is  drained  off,  the  more  complete  is  the  process. 
The  second  water  may  be  used  in  the  first  washing  of  another  portion  of  alum 
powder,  iu  the  place  of  pure  water.  These  washings  may  be  added  to  the  schist 
lixivia.    This  pow^der  is  now  extensively  sold  without  further  manipulation. 

6.  The  Crysiallisatioii. —  The  washed  alum  is  put  into  a  lead  pan,  with  just  enough 
water  to  dissolve  it  at  a  boiling  heat ;  fire  is  applied,  and  the  solution  is  promoted  by 
stirring.  Whenever  it  is  dissolved  in  a  saturated  state,  it  is  run  off  into  the 
crystallising  vessels,  which  are  called  roching  casks.  These  casks  are  about  five 
feet  high,  three  feet  wide  at  the  top,  and  somewhat  wider  at  the  bottom ;  they  are 
made  of  very  strong  staves,  nicely  fitted  to  each  other,  and  held  together  by  strong 
iron  hoops,  which  are  driven  on  pro  tempore,  so  that  they  may  be  easily  knocked  off 
again,  in  order  to  take  the  staves  asunder.  The  concentrated  solution,  during  its 
slow  cooling  in  these  close  vessels,  forms  large  regular  crystals,  which  hang  down 
from  the  top,  and  project  from  the  sides,  while  a  thick  layer  or  cake  lines  the  whole 
interior  of  the  cask.  At  the  end  of  eight  or  ten  days,  more  or  less  according  to  the 
weather,  the  hoops  and  staves  are  removed,  when  a  cask  of  apparently  solid  alum  is 
disclosed  to  view.  The  workman  now  pierces  this  mass  with  a  pickaxe  at  the  side 
near  the  bottom,  and  allows  'he  mother  water  of  the  interior  to  run  off  on  the  sloping 
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stone  floor  into  a  proper  cistern,  -whence  it  is  taken  and  added  to  another  quantity  of 
■washed  powder  to  be  crystallised  with  it.  The  alum  is  next  broken  into  lumps 
exposed  in  a  proper  place  to  dry,  and  is  then  put  into  the  finished  bing  for  market! 
There  is  sometimes  a  little  insoluble  basic  alum  (subsulphate)  left  at  the  bottom  of 
the  cask.  This,  being  mixed  with  the  former  mother  liquors,  gets  sulphuric  acid 
from  them;  or,  being  mixed  with  a  little  sulphuric  acid,  it  is  equally  converted  into 
alum. 

Alum  Liquors.  —  In  the  alum  works  on  the  Yorkshire  coast,  eight  different  liquors 
are  met  with. 

1st.  "  Raw  Liquor."  The  calcined  alum  shale  is  steeped  in  water  till  the  liquor 
has  acquired  a  specific  gravity  of  9  or  10  pennyweights,  according  to  the  lan- 
guage of  the  alum-maker. 

2nd.  "  Clarified  Liquor."  The  raw  liquor  is  brought  to  the  boiling  point  in  lead 
pans,  and  suffered  to  stand  in  a  cistern  till  it  has  cleared  ;  it  is  then  called  cla- 
rified liquor.    Its  gravity  is  raised  to  10  or  11  pennyweights. 

3rd.  "  Concentrated  Liquor."  Clarified  liquor  is  boiled  down  to  about  20  penny- 
weights. This  is  kept  merely  as  a  test  of  the  comparative  value  of  the  potash 
salts  used  by  the  alum-maker. 

4th.  '•  Alum  Mother  Liquor."  The  alum  pans  are  fed  with  clarified  liquor, 
which  is  boiled  down  to  about  25  or  30  pennyweights,  when  a  proper  quantity 
of  potash  salt  in  solution  is  mixed  with  it,  and  the  whole  run  into  coolers 
to  crystallise.  The  liquor  pumped  from  these  rough  crystals  is  called  "  alum 
mothers." 

5th.  "  Salts  Mothers."  The  alum  mothers  are  boiled  down  to  a  crystallising 
point,  and  afford  a  crop  of  "  Rough  Epsom,"  which  is  a  sulphate  of  magnesia 
and  protoxide  of  iron. 

6th  and  7th.  "  Alum  Washings."  The  rough  crystals  of  alum  (No.  4)  are 
washed  twice  in  water,  the  first  washing  being  about  4  pennyweights,  the 
second  about  2,1,  the  difference  in  gravity  being  due  to  mother  liquor  clinging 
to  the  crystals. 

8th.  "  Tun  Liquor."    The  washed  crystals  are  now  dissolved  in  boiling  water, 
and  run  into  the  "  roching  tuns  "  (wood  vessels  lined  with  lead)  to  crystallise. 
The  mother  liquor  of  the  "  roch  alum  "  is  called  "  tun  liquor :  "  it  is,  of  course, 
not  quite  so  pure  as  a  solution  of  roch  alum  in  water. 
The  alum-maker's  specific-gravity  bottle  holds  80  pennyweights  of  water,  and  by 
10  pennyweights  he  means  10  more  than  water,  or  90. 

The  numbers  on  Twaddle's  hydrometer,  divided  by  2-5,  give  alum-makers'  penny- 
weights. 

The  alum-maker  tests  his  samples  of  potash  salts  comparatively  by  dissolving  equal 
weights  of  the  different  samples  in  equal  measures  of  alum  liquor  at  20  pennyweights, 
heated  up  to  the  boiling-point,  and  weighing  the  quantity  of  alum  crystals  produced 
on  cooling. 

For  the  above  information  I  am  indebted  to  my  friend  Mr.  Maurice  Scanlan,  who 
superintended  for  some  time  the  Mulgrave  Alum  Works. 

He  informs  me  that  6i  tons  of  the  alum  rock  at  the  Mulgrave  Works,  to  the  north 
of  Whitby,  yield,  after  calcination,  &c.,  one  ton  of  alum. 

The  price  varies  with  the  price  of  labour  and  of  sulphur.  Sulphate  of  alumina  is 
from  7/.  to  8/.  per  ton  ;  potash  and  ammonia  alum,  9/.  per  ton  ;  and  alum  cake,  7/.  \Qs. 
to  8/.  Their  true  value  consists  in  the  amount  of  soluble  alumina  which  they  contain, 
and  for  calico  printing  also  in  their  freedom  from  iron. 

The  alum  shales  not  being  very  generally  found  over  the  country,  and  nature 
having  interposed  certain  limits  to  the  amount  manufactured  and  the  speed  of  the 
process,  many  attempts  have  been  made  to  obtain  alum  and  sulphate  of  alumina. 

In  1743,  Ambrose  Newton  wished  to  economise  the  manufacture  by  boiling  the 
scum  of  the  alum  works,  the  muddy  deposit  in  Yorkshire,  and  adding  to  the  concen- 
trated solution  of  45  pennyweights,  stale  urine,  which  is  ammonia,  until  the  solution 
became  27  pennyweights.  (An  old  method  of  hydrometry  among  alum  makers.) 
The  liquor  stands  "  for  four  days,  and  strikes  out  into  small  allom,  and  afterwards 
melted  and  reached  into  casks,  which  stand  14  days,  and  are  taken  down  and  the 

allom  is  finished."  ,  ,  •  i  • 

Another  patent  in  1765,  by  Holme,  Cropper,  and  two  Nicholsons,  uses  stale  urine 

and  kelp  liquor.    They  seem  to  use,  by  a  mistake  in  names  iron  pyrites  only  for  their 

alum,  but  no  doubt  it  contained  both  iron  and  nlumina.    Ihey  took  advantage  ot  the 

potash,  and  perhaps  also  of  the  soda,  of  the  kelp. 

In  1780,  Matthew  Sanderson  patented  a  plan  for  making  alum  by  burning  the 

metallic  sulphurets,  obtaining  the  sulphuric  acid,  and  uniting  it  with  aluminous  earth, 

 a  far-seeing  plan,  not  till  long  after  adopted. 
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In  1794  Lord  Dundonald  patented  a  process  for  "  washing  aluminous,  vitriolic,  or 
pyritous  schist  or  materials  with  sea  water  or  solutions  of  salts  containing  muriate  of 
soda,"  or  mixing  muriate  of  soda  with  aluminous  or  yitriolated  salts  or  pyritous 
substances.  He  also  proposed  the  use  of  muriatic  acid.  It  is  probable,  then,  that 
both  a  soda-  and  an  ammonia-alum  have  been  manufactured  when  the  whole  method 
was  not  very  clearly  understood. 

Macquer,  Fourcroy,  and  Vauquelin  having  discovered  the  component  parts  of  alum, 
Chaptal  made  it  from  its  elements,  using  clay.  He  says,  "  Pure  clay  upon  which  the 
sulphuric  acid  is  digested  is  dissolved  with  difiBculty."  He  then  says,  "  I  calcine  my 
clays,  and  reduce  them  into  small  pieces,  which  I  spread  on  the  floor  of  my  leaden 
chambers.  The  sulphuric  acid,  which  is  formed  hy  combustion  of  a  mixture  of 
sulphur  and  saltpetre,  expands  itself  in  the  cavity  of  these  chambers,  and  exists  for  a 
certain  time  in  the  vaporous  form.  In  this  form  it  has  a  stronger  action  than  when 
it  has  been  weakened  by  the  mixture  of  a  quantity  of  water  more  or  less  considerable, 
so  that  it  seizes  the  earths,  combines  with  them,  causes  them  to  increase  in  bulk  by 
the  effervescence  which  takes  place,  and  at  the  end  of  several  days  the  whole 
surface  exposed  to  the  vapour  is  converted  into  alum.  Care  is  taken  to  stir  these 
earths  from  time  to  time,  that  they  may  successively  present  all  their  surfaces  to  the 
action  of  the  acid."  "  But  whatever  process  may  be  used  to  combine  the  acid  with 
clay,  it  is  necessary  to  expose  the  aluminised  earths  to  the  air  during  a  greater  or 
less  space  of  time,  in  order  that  the  combination  may  be  more  accurate,  and  the  satu- 
ration more  complete."  This  is,  in  fact,  the  mode  of  making  the  sulphate  of  alumina. 
It  was  then  dissolved  in  water,  drawn  off  clear,  to  free  it  from  the  silica  and  undis- 
solved matter,  mixed  with  sulphate  of  potash,  evaporated,  and  crystallised. 

The  manufacture  of  the  alum  from  clay  seems  to  have  been  a  good  deal  used  in 
France.  Their  method  at  present,  according  to  Regnault,  is  as  follows  :  —  "They 
choose  clays,  such  as  kaolins,  which  contain  little  iron.  The  clays  are  then  calcined 
at  a  low  red  heat  in  a  furnace ;  they  are  ground  to  powder  in  a  mill,  and  mixed  with 
half  their  weight  of  sulphuric  acid  of  1-45  specific  gravity.  The  mixture  is  then 
heated  in  another  furnace  until  the  sulphuric  acid  begins  to  evaporate.  It  is  then 
taken  out,  and  left  to  stand  for  several  days."  After  some  time  the  combination 
becomes  intimate,  and  the  usual  method  of  removing  the  sulphate  of  alumina  from 
the  insoluble  matter  is  resorted  to,  and  the  potash,  or  ammonia-salt,  is  added,  to 
convert  it  into  alum. 

The  most  usual  method  has  been  to  allow  it  to  stand  some  weeks,  or  months,  until 
the  combination  has  been  effected.  This  has  partially  arisen  from  a  supposition  of 
the  necessity  of  giving  it  as  much  time  as  is  needful  with  the  shales,  as  it  was  not 
known  until  lately  how  completely  the  acid  may  decompose  the  clays. 

A  patent  was  obtained  in  November,  1839,  by  Mr.  William  Wiesmann,  of  Dues- 
burg,  for  improvements  in  the  manufacture  of  alum.  He  subjects  potters'  clay 
to  a  moderate  red  heat,  grinds  it,  and  subjects  the  powder,  in  leaden  pans,  to  the 
action  of  concentrated  sulphuric  acid  (66°  B.),  taking  care  to  use  excess  of  clay 
and  a  moderate  heat.  The  mixtui-e  is  to  be  stirred  till  it  is  dry,  then  treated  with 
boiling  water,  in  order  to  dissolve  the  sulphate  of  alumina  formed.  So  far  the  pro- 
cess is  old  and  well  known.  The  novelty  consists  in  freeing  the  saUne  solution  from 
iron  by  ferrocyanure  of  potassium  (prussiate  of  potash).  When  the  iron  has  been  all 
thrown  down  in  the  form  of  Prussian  blue,  the  liquor  is  allowed  to  settle  the  super- 
natant pure  sulphate  is  drawn  off,  and  evaporated  till  it  forms,  on  cooling'  a  concrete 
mass,  which  may  be  moulded  into  the  shape  of  bricks,  &c.,  for  the  convenience  of 
packing. 

This  was  manufactured  at  Lee-Moor,  near  Plympton.  Dr.  Muspratt's  analysis 
makes  It  a  basic  sulphate  =  2A1=0'5S()»  + 33  Aq.;  and  he  adds  that  manufacturers 
objected  to  it  because  it  was  impossible  to  judge  of  its  purity  by  its  merely  physical 
appearance.    Mohr's  analysis  gave — 

Alumina             -  _  .  is-gi 

Sulphuric  acid     -  -  _  36-24 

Water         -       -  -  -  49-60 

Sulphate  of  potash  -  -  1-50 

His  mode  of  removing  iron  by  prussiate  of  soda  is  very  successful 
By  having  an  excess  of  clay,  Wiesmann  intended  to  have  all  his  acid  saturated 
He  found  that  he  could  not  dissolve  all  the  alumina  by  using  only  its  equivalent  of 
:hLte^n?a?um-ie'"^'°"'  ^'^^  "^^^  proLses;!^ 

Hervey's  patent  of  1839.  Clay  is  dried,  ground,  and  sieved;  it  is  then  mixed 
with  sulphuric  acid  of  from  10°  to  80  Twad.,  and  from  to  an  equal  ouantTtv  of 
clay,  used  according  to  its  quality.  The  mixture  is  then  well'stirred ;  a  grcTeCSiou 


116  ALUM. 

y 

ensues,  and  after  ebullition  it  is  again  stirred.  This  is  the  formation  of  the  sulphate 
of  alumina,  which  is  washed  out,  and  made  into  alum  in  the  ordinary  way. 

In  1842  Mr.  Turner  patented  a  metliod,  said  to  be  originally  Sprengel's  proposal,  of 
extracting  the  alumina  and  potash  from  felspar  to  make  alum.  The  felspar  is  heated 
■with  sulphate  of  potash  to  melting,  then  carbonate  of  potash  is  added.  This  gives  a 
soluble  glass,  which,  in  boiling  water,  takes  up  two-thirds  of  the  silica  and  as  much 
potash  as  was  added  to  the  felspar.  This  being  heated  with  carbonic  acid,  gives  a 
gelatinous  mass  of  silica.  When  dried,  the  carbonate  of  potash  may  be  washed  out. 
The  insoluble  portion  of  the  glass  contains  the  original  felspar,  minus  two-thirds  of 
its  silica — a  light,  porous  substance,  similar  in  composition  to  elaolite.  This  is 
boiled  with  sulphuric  acid  of  1-2  specific  gravity.  The  intense  heat  needed  has 
prevented  the  success  of  this  process. 

In  1842  Kagenbusch  proposed  to  cover  the  schist  over  with  a  plastering  of  clay,  or 
mud,  for  several  months,  and  wash  with  water  ;  then  to  have  it  burnt  in  kilns  fitted 
with  air  holes.  In  this  process  turf  is  used,  on  which  the  schist  rests.  The  air  holes 
regulate  the  combustion,  which  lasts  three  days.    He  uses  kelp  to  obtain  the  alkali. 

In  1850  J.  T.  Wilson  proposed  a  method  of  collecting  the  ammonia  from  smoke, 
and  using  it  in  making  ammonia-alum.  What  is  wanting,  he  supplements  by  potash 
salts,  causing  a  mixed  potash-  and  ammonia-alum  to  be  manufactured. 

In  1854  Richardson  adds  iron  pyrites,  to  increase  the  amount  of  sulphur,  and,  con- 
sequently, of  sulphuric  acid,  in  the  shale;  but  it  does  not  seem  to  have  been  used. 

In  1855  Dr.  Frankland  precipitated  the  subsulphate  of  alumina,  and  added  sulphuric 
acid,  thus  obtaining  the  base  by  a  small  expenditure  of  precipitant. 

In  1856  J.  Metcalf  makes  a  cake  similar  to  the  alum-cake  described  at  p.  118  ;  but 
he  uses  coarse  clay. 

In  1856  Henry  Pease  and  Thomas  Richardson  mix  clay  with  chloride  of  potassium, 
or  with  common  salt ;  they  convert  both  into  sulphates  ;  the  muriate  set  free  dis- 
solves the  alumina,  and  the  chloride  of  aluminum  formed  is  used  as  alum. 

In  1856  Spilsburg's  patent  purposed  to  make  alum  from  kryolite. 

The  Boghead  Cannel-eoal  ash  contains  about  30  per  cent,  of  alumina,  which 
it  has  been  proposed  to  dissolve  for  making  alum ;  but  it  has  not  hitherto  been  found 
a  convenient  material. 

Alum  Manufacture  simplified. — The  alum  shale,  or  schist,  is  the  material  whence 
the  alumina  is  obtained :  this  shale  is  roasted  in  heaps  in  the  open  air,  in  order  to 
render  it  porous  and  more  absorbent  of  the  sulphuric  acid.  To  the  roasted  shale, 
sulphuric  acid  of  specific  gravity  1'75  is  added,  by  which  means  sulphate  of  alumina 
is  formed.  In  order  to  wash  out  from  the  almost  dry  mass  this  sulphate  of  alumina, 
and  at  the  same  time  to  supply  the  equivalent  of  the  sulphate  of  ammonia  necessary 
to  constitute  the  formation  of  the  double  salt  of  alumina  and  ammonia,  the  boiling 
hot  mother  liquor  of  a  previous  operation  is  employed ;  and,  as  this  mother  liquor, 
when  removed  from  the  alum  crystallisers,  contains  free  sulphuric  acid,  the  ammonia 
from  a  still,  containing  the  ammoniacal  liquor  of  the  gas  works,  is  distilled  into  it, 
and  the  boiling  hot  solution  of  sulphate  of  ammonia  thus  formed  dissolves  out  the 
sulphate  of  alumina  from  the  shale.  The  alum  liquor  thus  obtained  is  of  such  a 
specific  gravity,  that  it  crystallises  without  the  necessity  of  having  recourse  to  evapo- 
ration, and  thus  a  considerable  saving  in  fuel  is  effected.  In  order  to  obtain  ammo- 
niacal' salts,  such  as  sulphate  and  chloride,  with  the  greatest  possible  economy,  a 
series  of  two  or  more  —  saj',  for  instance,  four — cylindrical  boilers  are  employed, 
each  of  which  is  placed  at  such  a  distance  above  the  other  that  the  contents  of  the 
upper  boiler  may  be  drawn  off  into  the  one  next  below  it.  The  uppermost  boiler  is 
provided  with  an  exit  pipe,  and  has  also  a  supply  pipe,  connecting  the  boiler  with  a 
reservoir  of  ammoniacal  gas  liquor.  Into  the  lowermost  vessel  of  the  series  passes  a 
pipe  conveying  high  pressure  steam,  by  means  of  which  the  liquor  in  the  boiler  soon 
becomes  heated  to  the  boiling  point.  The  vapour  of  ammonia  and  water  passes  off 
throu"-h  an  exit  pipe  into  the  boiler  placed  next  above  it  in  the  series,  the  liquor 
in  whTch  also  quickly  bolls,  and  vapour  of  ammonia  and  water  pass  off  in  the  same 
way  as  before  to  the  next  vessel  above  it,  and  so  throughout  tbe  series.  By  the  time 
the  vapour  of  ammonia  passes  off  from  the  uppermost  boiler,  it  has  been  so  concen- 
trated that  on  passing  it  into  sulphuric  or  muriatic  acid,  a  concentrated  solution  ot 
either  alkaline  salt  is  obtained,  of  sufficieut  specific  gravity  to  crystallise  without 
evaporation,  and  thus  a  considerable  saving  in  fuel  and  time  is  effected,  and  the 
ammoniacal  liquor  most  thoroughly  exhausted.  Fresh  supplies  of  ammoniacal  liquor 
are  constantly  furnished  to  the  uppermost  vessel  from  the  reservoir;  the  Partially 
exhausted  liquors  are  run  from  the  higher  to  the  lower  vessels  m  succession,  and  the 
exhausted  liquors  run  off  to  waste,  from  time  to  time,  from  the  lowermost  vessel  of 

AUmTis  made  extensively  in  England  and  France  from  an  artificial  sulphate  of 
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alumina  For  this  purpose  clays  are  chosen  as  free  as  possible  from  carbonate  of 
SmTand  oxide  of  iron  They  are  calcined  in  a  reverberatory  furnace,  m  order  to 
expeUhe  wlr^^^^^^  iron,  and  to  render  the  alumma  more  easily  acted 

on  bv  thelcid  The  expulsion  of  the  water  renders  the  clay  porous  and  capable  of 
absSrb  n^he  sulphuric  acid  by  capillary  attraction.  The  peroxidation  of  the  iron 
rendeS  less  soluble  in  the  suihuric  acid ;  and  the  silica  of  the  c  ay  by  reacting  on 
the  alumina,  impairs  its  aggregation,  and  makes  it  more  readily  attracted  ^y  the  acid 
The  clay  should  therefore  be  moderately  calcined;  but  not  so  as  to  mdurate  it  like 
pottery  ware,  for  it  would  then  suffer  a  species  of  siliceous  combination  which  would 
make  it  resist  the  action  of  acids.  The  clay  is  usually  calcined  m  a  reverberatoiy 
furnace,  the  flame  of  which  serves  afterwards  to  heat  two  evaporating  pans  and  a 
basin  for  containing  a  mixture  of  the  calcined  clay  and  sulphuric  acid.  As  soon  as 
the  clay  has  become  friable  in  the  furnace  it  is  taken  out,  reduced  to  powder,  and 
passed  through  a  fine  sieve.  With  100  parts  of  the  pulverised  clay,  45  parts  ot 
sulphuric  acid,  of  specific  gravity  1-45,  are  well  mixed,  in  a  stone  basin,  arched  oyer 
with  brickwork.  The  flame  and  hot  air  of  a  reverberatory  furnace  are  made  to  play 
along  the  mixture,  in  the  same  way  as  described  for  evaporating  alum-schist  liquors. 
(See  Soda.)  The  mixture,  being  stirred  from  time  to  time,  is,  at  the  end  of  a  few- 
days,  to  be  raked  out,  and  to  be  set  aside  in  a  warm  place,  for  the  acid  to  work  on 
the  clay,  during  six  or  eight  weeks.  At  the  end  of  this  time  it  must  be  washed,  to 
extract  the  sulphate  of  alumina.  With  this  view,  it  may  be  treated  like  the  roasted 
alum  ores  above  described.  If  potash-alum  is  to  be  formed,  this  sulphate  of  alumina 
is  evaporated  to  the  specific  gravity  of  1  -38 ;  but  if  ammonia-alum,  to  the  specific 
gravity  of  only  1-24;  because  the  sulphate  of  ammonia,  being  soluble  in  twice  its 
weight  of  water,  will  cause  a  precipitation  of  pulverulent  alum  from  a  weaker  solution 
of  sulphate  of  alumina  than  the  less  soluble  sulphate  of  potash  could  do. 

In  preparing  alum  from  clay  or  shale,  it  is  of  infinite  importance  that  so  much  and 
no  more  heat  be  applied  to  the  clay  or  shale,  in  the  first  instance,  as  will  just  expel 
the  water  of  combination  without  inducing  contraction.  A  temperature  of  600*^  F. 
is  well  adapted  to  efi'ect  this  object,  provided  it  be  maintained  for  a  sufficient  period. 
When  this  has  been  carefully  done,  the  silicate  of  alumina  remaining  is  easily  enough 
acted  upon  by  sulphuric  acid,  either  slightly  diluted  or  of  the  ordinary  commercial 
strength.  The  best  form  of  apparatus  is  a  leaden  boiler,  divided  into  two  parts  by  a 
perforated  septum  or  partition,  also  in  lead ;  though  on  a  very  large  scale,  brickwork 
set  in  clay  might  be  employed.  Into  one  of  the  compartments  the  roasted  clay  or 
shale  should  be  put,  and  diluted  sulphuric  acid  being  added,  the  bottom  of  the  other 
compartment  may  be  exposed  to  the  action  of  a  well-regulated  fire,  or,  what  is 
better,  heated  by  means  of  steam  through  the  agency  of  a  coil  of  leaden  pipe.  In 
this  way  a  circulation  of  the  fluid  takes  place  throughout  the  mass  of  shale ;  and,  as 
the  alumina  dissolves,  the  dense  fluid  it  produces,  falling  continually  towards  the 
bottom  of  the  boiler,  is  replaced  by  dilute  acid,  which,  becoming  in  its  turn  saturated, 
falls  like  the  first ;  and  so  on  in  succession,  until  either  the  whole  of  the  alumina  is 
taken  up,  or  the  acid  in  great  part  neutralised.  The  solution  of  sulphate  of  alumina 
thus  obtained  is  sometimes  evaporated  to  dryness,  and  sold  under  the  name  "  concen- 
trated alum ; "  but  more  generally  it  is  boiled  down  until  of  the  specific  gravity  of 
about  1  -35 ;  then  one  or  other  of  the  carbonates  or  sulphates  of  potash  or  ammonia, 
or  chloride  of  either  base,  or  a  mixture  of  these,  is  added  to  the  boiling  fluid,  and 
as  soon  as  the  solution  is  complete,  the  whole  is  run  out  into  a  cooler  to  crystallise. 
The  rough  alum  thus  made  is  sometimes  purified  by  a  subsequent  recrystallisation, 
after  which  it  is  "roched"  for  the  market  —  a  process  intended  merely  to  give  it  the 
ordinary  commercial  aspect,  but  of  no  real  value  in  a  chemical  point  of  view. 

The  manufacture  of  alum  is  now  taking  an  entirely  new  shape,  and  the  two  pro- 
cesses of  Mr.  Spence  and  Mr.  Pochin  threaten  to  absorb  the  whole  of  the  manufac- 
ture in  the  north-west. 

Mr.  Spence,  who  has  a  manufactory  of  ammonia-alum  at  Manchester,  called  the 
Pendleton  Alum  Works,  and  another  at  Goole,  in  Yorkshire,  has  now  become  the 
largest  maker  of  this  substance  in  the  world,  as  his  regular  production  amounts  to 
upwards  of  100  tons  per  week.  In  this  process,  which  he  has  patented,  he  uses  for 
the  production  of  his  siilphate-of-alumina  solution  the  carbonaceous  shale  of  the  coal 
measure.  This  substance  contains  from  5  to  10  per  cent,  of  carbonaceous  matter 
and,  when  ignited  by  a  small  quantity  of  burning  coal,  the  combustion  continues  of 
itself.  To  insure  this  the  shale  is  spread  into  long  heaps  not  exceeding  18  inches 
in  height,  and  having  a  brick  drain  running  along  each  to  supply  air  ;  in  this  manner 
it  slowly  calcines:  this  process  must  be  so  conducted  as  not  to  vitrify  the  shale. 
After  calcination  it  is  boiled  and  digested  in  large  leaden  pans,  heated  by  fire  with 
sulphuric  acid  of  1-4  specific  gravity.  After  30  to  40  hours  of  digestion  the  sulphate 
of  alumina  formed  is  run  into  another  leaden  pan,  and  the  boiling  vapour  from  the 
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ammonia  liquor  of  the  gas  works  is  passed  into  it,  until  so  much  alumina  is  combined 
•witli  the  solution  as  to  form  ammonia-alum.  The  solution  is  then  run  into  shallow 
leaden  coolers  and  the  alum  crystallises.  It  is  then  purified  and  washed  much  in  the 
usual  way,  only  that  the  process  is  conducted  so  as  to  cause  much  less  labour  than  at 
older  alum  works. 

Alum  Cake. — This  substance  owes  its  value  to  the  amount  of  sulphate  of  alumina  it 
contains,  and  is  in  fact  another  means  of  making  soluble  alumina  accessible.  We 
have  already  seen  the  many  attempts  to  obtain  alumina  from  clay,  and  the  tedious 
nature  of  the  operation  of  solution  in  acid,  as  well  as  the  long  after-processes  of  lixi- 
viation  and  conversion  into  sulphate  of  alumina,  or  into  alum,  by  reboiling  or 
crystallising.  Mr.  Pochin,  of  Manchester,  has  found  a  method  of 'removing  all  the 
difficulties,  both  of  the  first  and  after  processes.  He  uses  very  fine  china  clay,  free 
from  iron,  heats  it  in  a  furnace,  mixes  it  thoroughly  with  acid,  and  finds  that,  when 
the  process  is  managed  carefully,  the  combination  of  the  alumina  and  sulphuric  acid 
is  not  only  complete,  but  so  violent  that  he  is  obliged  to  dilute  his  acid  considerably, 
in  order  to  calm  the  action.  When  mixed,  it  is  passed  into  cisterns  with  movable  sides, 
where,  in  a  few  minutes,  it  heats  violently  and  boils.  The  thick  liquid  gradually  be- 
comes thicker,  until  it  is  converted  into  a  solid  porous  mass  —  the  pores  being  made 
by  the  bubbles  of  steam  which  rise  in  the  mass,  which  is  not  fluid  enough  to  contract 
to  its  original  volume.  The  porous  mass  is  perfectly  dry,  although  retaining  a  large 
amount  of  combined  water.  It  retains,  of  course,  all  the  silica  of  the  original  clay, 
but  this  is  in  such  fine  division  that  every  particle  appears  homogeneous.  The 
silica  gives  it  a  dryness  to  the  touch  not  easily  gained  by  the  sulphate  only. 

When  pure  sulphate  of  alumina  is  wanted  in  solution,  the  silica  is  allowed  to  pre- 
cipitate before  using  it,  but,  in  many  cases,  the  fine  silica  is  no  hindrance ;  then  the 
solution  is  made  use  of  at  once. 

Our  Imports  of  Alum  were  :  — 

1855.  1856. 
Rock  -       -    895  cwts.  401  cwts. 

Not  Rock    -       -       -       -       -    504  „ 


Our  Exports  from  1853  to  1856  being  as  follows  :  — 


1853. 

1854. 

1855. 

1856. 

cwts. 

cwts. 

cwts. 

cwts. 

Russia  (southern  ports) 

3,313 

Hanse  Towns     -       -       -  - 

14,251 

2,312 

Holland     -       -       -       -  - 

6,583 

3,889 

4,452 

4,548 

Portugal  (and  the  Azores)  - 

3,053 

3,345 

2,116 

2,294 

Sardinia     -       -       .       -  - 

2,486 

2,976 

7,978 

6,004 

Austrian  territories     -       -  - 

5,804 

9,885 

9,860 

9,989 

Turkey      -       -       -       -  - 

2,709 

1,278 

7,249 

6,290 

British  North  America 

2,719 

3,127 

8,583 

2,009 

United  States      -       -       -  - 

2,096 

991 

14,870 

Prussia      -       -       -       -  - 

1,545 

Tuscany    -       -       -       -  - 

2,827 

2,265 

1,981 

2,498 

1,237 

Other  counti'ies  -       -       -  - 

15,158 

9,181 

9,832 

13,252 

56,076 

38,089 

57,698 

64,972 

About  1100  tons  of  alum  have  been  exported  from  China,  chiefly  to  India,  within 
a  short  period.    The  Chinese  use  alum  very  largely  in  their  cements. 

The  alum  mines  are  in  the  neighbourhood  of  Peh-kwan  harbour,  2°  9'  10"  N., 
12°  32'  6"  E.  Ten  alum-making  establishments  appear  to  exist  there,  and  the  pro- 
cess, as  described  in  the  North  China  Mail,  is  similar  to  that  employed  where,  in  this 
country,  the  alum-shale  is  used. — R.  A.  S. 

ALUMINA.  (A1*0", 51-4)  This  is  the  only  oxide  which  the  metal  aluminium 
forms,  and  it  is  assumed  to  be  a  sesquioxide  on  account  of  its  isomorphism  with 
sesquioxide  of  iron. 

The  occurrence  of  alumina  in  the  native  state  has  been  before  mentioned,  and  the 
several  minerals  will  be  found  described  elsewhere. 
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.  •    , .  •    A  ■         .tntP  of  hvdrate  from  common  alum  (KO,SO^  AP0',3S0»  + 

tinacity,  so  that  it  is  very  d'fficuU  to  jash    anhYdrous  alumina  is  produced  ;  but  it 
By  drying  and  igmtmg  this  hydiate,  the  ^"'^y.'^'^",  *  '^1^tt4  0  cqs  .  A120'3SO'  + 

^ijt^^?=^^f^is=:S 
sidr^aJtr^^^pSi^^"^^^^^^ 

ilt?erf  it  aTsornters  into  combiBationfbut  in  this  case  it  is  an  acid,  forming  a  series 
of  compounds -which  may  be  called  aluminates.  ,  .    ,       .    r  a„^;^^  ^-nA 

The  important  application  of  alumina  and  its  compounds  m  the  arts  of  dyemg  and 
caHco  prTnUng  depends  upon  a  peculiar  attraction  which  it  possesses  for  organ  c 
Ss^  Thi?  affinity  is  so  strong,  that  when  digested  in  solutions  of  vegetable 
colour  ng  matters  the  almnina  combines  with  and  carries  down  the  colouring  matter, 
removinl  it  entirely  from  the  solution.  Pigments  thus  obtained,  which  are  com- 
binations of  alumina  with  the  vegetable  colourmg  matters,  are  called  lakes. 

Tlum  na  has  not  only  an  affinity  for  the  colouring  matters  but  at  the  same 
tin«  also  for  the  vegetable  fibres,  cotton,  silk,  wool,  &c. ;  and  hence,  if  alumina  be 
precipitated  upon  cbth  in  the  presence  of  a  colouring  matter,  a  most  intimate  union 
is  effected  between  the  cloth  and  the  colour.  Alumma,  when  employed  m  this  way, 
is  called  a "  mordant."  .  .      .,     r.  .•_ 

Other  bodies  have  a  similar  attraction  for  colouring  matters,  e.g.  bmoxide  ot  tin 
and  sesquioxide  of  iron  :  each  of  these  gives  its  peculiar  shade  to  the  colour  or  com- 
bination, alumina  changing  it  least.  ^  ,  J  T 

Soluble  Modification  of  Alumina.— Mr.  WaUer  Crum*  has  discovered  a  peculiar 
soluble  modification  of  alumina.  The  biacetate  of  alumina  has  been  found  by 
Mr  Crum  to  possess  the  very  curious  property  of  parting  with  its  acetic  acid  until 
the  whole  is  expelled,  by  the  long-continued  application  of  heat  to  a  solution  of 
this  salt ;  the  alumina  remains  in  the  solution  in  a  soluble  allotropic  condition.  Its 
coagulum  with  dyewoods  is  translucent,  and  entirely  different  from  the  opaque 
cakes  formed  by  ordinary  alumina;  hence  this  solution  cannot  act  as  a  mordant.  But 
this  solution  of  alumina,  which  is  perfectly  colourless  and  transparent,  has  the  alumina 
separated  from  it  by  the  slightest  causes.  A  minute  quantity  of  either  an  acid,  an 
alkali,  even  of  a  neutral  salt,  or  of  a  vegetable  colouring  matter,  effects  the  change. 
The  precipitated  alumina  is  insoluble  in  acids,  even  boiling  sulphuric ;  this  shows 
another  allotropic  condition.  But  it  is  dissolved  by  caustic  alkalis,  by  which  it  is 
restored  to  its  common  state. — H.  M.  W. 

ALUMINA,  ACETATE  OE.  The  acetates  of  alumina  are  extensively  used  in 
the  arts  on  account  of  the  property  which  they  possess  of  being  readily  decomposed 
with  deposition  of  their  alumina  on  the  fibre  of  cloth ;  hence  they  are  used  as  mor- 
dants, in  the  manner  described  under  Calico  Pkinting  ;  and  sometimes  in  dyeing 
they  are  mixed  with  the  solution  of  a  colouring  matter ;  in  this  the  textile  fabric  is 
immersed,  whilst,  on  heating,  the  alumina  is  precipitated  upon  the  fabric,  which,  in 
consequence  of  its  affinities  before  alluded  to,  carries  down  the  colouring  matter  with 
it,  and  fixes  it  on  the  cloth. 

The  acetate  of  alumina  thus  employed  is  obtained  by  treating  sulphate  of  alumina 
with  neutral  acetate  of  lead,  and  filtering  off  the  solution  from  the  precipitate  of  sul- 
phate of  lead.  Acetate  of  lime  is  also  used ;  but  the  sulphate  in  this  case  does  not 
leave  the  solution  so  clear  or  so  rapidly. 

According  to  Mr.  "Walter  Crum*,  the  solution  resulting  from  the  decomposition 
of  sulphate  of  alumina  ( Al-  O',  3  SO')  by  monobasic  acetate  of  lead  contains  the  salt 
AP0\2C*H'0'  (biacetate  of  alumina),  together  with  one  equivalent  of  free  acetic 
acid,  the  compound  Al-0',3C*H^O'not  appearing  to  exist.  By  evapoi-ating  this 
solution  at  low  temperatures,  e.g.  in  a  very  thin  layer  of  fluid  below  38°C.  (100°F.), 
Crum  obtained  a  fixed  residue  completely  soluble  in  water,  the  composition  of  which, 
in  the  dry  state,  approached  Al^  O',  2  C  H'  0'  +  4  HO.— H.  M.  W. 

ALUMINA,  NITRATE  OF.  According  to  Ordway  ("Siliman's  Journal,"  iv.  30), 
a  concentrated  acid  solution  of  alumina  in  nitric  acid  deposits  rhombic  crystals  con- 
taining AF  0^  3  N  OH  18  HO.  By  the  action  of  this  salt  on  hydrate  of  alumina 
basic  salts  are  also  formed. — H.  M.  W. 

ALUMINA,  SILICATES  OF.  Silicate  of  alumina  is  the  chief  constituent  of 
common  clay  (which  see) ;  it  occurs  also  associated  with  the  silicates  of  iron,  mag- 
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nesia,  lime,  and  the  alkalis  in  a  great  variety  of  minerals,  -wliicli  will  be  found 
See^'cLly^  '^^^         interesting  of  these  are  the  felspars  and  the  zeolites. 

Of  course,  being  present  in  clay,  silicate  of  alumina  is  the  essential  constituent  of 
porcelain  and  earthenware.    See  Eakthbnwaue  and  Porcelain  H  M  W 

ALUMINA,  SULPHATE  OF.  The  neutral  sulphate  of  alumina,  Ap'o'  380'  + 
18H0,  which  IS  obtained  by  dissolving  alumina  in  sulphuric  acid,  crystallises  in  needles 
and  plates  ;  but  sulphuric  acid  and  alumina  combine  in  other  proportions  e  o  a  salt  of 
the  formula  AF  3  SO'+  Al-  O"  was  obtained  by  Mons,  and  the  solution  of 'this  salt, 
when  largely  diluted  with  water,  splits  into  the  neutral  sulphate  and  an  insoluble 
powder  containing  AF  0',  3S0'+  2  AP  0^  +  9  HO.  This  subsalt  forms  the  mineral 
aliiinmite,  found  near  Newhaven,  and  was  found  by  Humboldt  in  the  schists  of  the 
Andes. 

The  sulphate  of  alumina  is  now  extensively  used  in  the  arts  instead  of  alum,  under 
the  name  of  "concentrated  alum."  For  most  of  the  purposes  for  which  alum  is  em- 
ployed, the  sulphate  of  potash  is  an  unnecessary  constituent,  being  only  added  in 
order  to  facilitate  the  purification  of  the  compound  from  iron  ;  for  in  consequence  of 
the  ready  crystallisability  of  alum,  this  salt  is  easily  purified.  Nevertheless,  Wies- 
niann  has  succeeded  in  removing  the  iron  from  the  crude  solution  of  sulphate  of 
alumina  obtained  by  treating  clay  with  sulphuric  acid,  by  adding  ferrocyanide  of 
potassium,  which  throws  down  the  iron  as  Prussian  blue  ;  the  solution,  when  evapo- 
rated to  dryness,  is  found  to  consist  of  sulphate  of  alumina,  containing  about  7  per 
cent,  of  potash  alum.  1500  tons  of  this  article  were  produced  at  Newcastle- on-Tyne 
alone  in  the  year  1854.    See  also  Alum.- — H.  M.  W. 

ALUMINIUM.  (Sym.  Al.,  equiv.  137.)  The  name  Aluminium  is  derived 
from  the  Latin  alumen,  for  alum,  of  which  salt  this  metal  is  the  notable  constituent. 

Aluminium,  though  never  found  in  the  free  state,  occurs  extensively  diffused  in 
nature  in  alumina  and  certain  of  its  salts,  especially  the  silicates. 

The  native  varieties  of  anhydrous  alumina  are,  the  sapphire,  ruby,  and  corundum 
{which  see),  whilst  the  hydrate  occurs  in  nature  in  the  minerals,  diaspore  and  gibbsite. 
But  the  chief  quantity  of  aluminium  is  found  in  the  endless  varieties  of  the  mineral 
silicates  of  alumina  Avith  other  bases,  such  as  the  felspars,  micas,  many  kinds  of  clay, 
the  zeolites,  &c. 

Alumina  was  first  decomposed  by  Davy,  who  discovered  the  metal  soon  after 
decomposing  the  other  earths  and  alkalis ;  but  he  never  seems  to  have  obtained  it 
without  some  mixture  of  potassium.  It  is  evident,  however,  that  the  earth  was 
completely  reduced  to  the  metallic  state  by  him. 

Wohler  obtained  aluminium  pure  in  1827  *  by  the  reduction  of  the  chloride  of 
aluminum  in  the  form  of  a  grey  powder.  Later  (1845)  f,  he  succeeded  by  the  same 
process  in  obtaining  it  in  globules,  which  he  describes  as  tin  white,  tolerably  mal- 
leable and  ductile,  not  materially  oxidised  by  exposure  to  the  air,  of  a  specific  gravity 
of  2'5,  but,  when  hammered,  of  2 '67  ;  unacted  upon  by  water  at  the  common  tem- 
perature, but  slowly  disengaging  hydrogen  from  water  at  the  boiling  point. 

In  1854  J  Deville's  first  experiments  on  the  preparation  and  properties  of  alumi- 
nium were  published.  The  method  he  adopted  for  the  liberation  of  the  metal  was 
essentially  the  same  as  that  originally  employed  by  Wohler.  But,  by  dint  of  im- 
provements in  the  details  of  the  process,  he  succeeded  in  procuring  the  metal  in 
larger  globules,  which  were  silver  white,  having  a  fusing  point  nearly  approaching 
that  of  silver,  which  were  unoxidised  when  exposed  to  the  air,  even  in  a  fused  state, 
and  remaining  bright  even  in  boiling  water,  unattacked  by  either  dilute  or  concentrated 
nitric  or  sulphuric  acid  in  the  cold  ;  but  dissolved  by  hydrochloric  acid  with  evolu- 
tion of  hydrogen. 

CErstcd  was  undoubtedly  the  first  to  prepare  the  chloride  of  aluminium  §,  and  it  is 
even  stated  that  he  also  procured  the  metal  by  the  following  method  :  "  Pure 
alumina  intimately  mixed  with  powdered  charcoal  was  introduced  into  a  porcelain 
tube  ;  through  this,  when  strongly  heated,  a  stream  of  chlorine  was  directed,  and  the 
chloride  of  aluminium  formed  was  collected  in  a  separate  vessel.  By  mixing  this  com- 
pound with  an  amalgam  of  potassium,  containing  a  large  proportion  of  the  latter 
body,  and  immediately  heating  the  mixture,  chloride  of  potassium  was  found,  and  the 
aluminium  combined  with  the  mercury.  This,  on  being  distilled  out  of  contact  with 
the  air,  gave  off  the  mercury,  whilst  aluminium  remained  in  the  form  of  a  metallic 
button,  closely  resembling  tin."  ||  . 

Deville's  researches  raised  the  hope  that  the  metal  might  be  obtained  in  sufficient 
quantity  to  become  of  high  technical  importance,  since  it  was  probable  that  the 

•  Poggnndorf's  Annalcn,  xl.  146.  t  Ann.  Ch.  ct  rharni.,  liii.  422.  ,ooc  ots 

X  Comptes  Itendus,  xxxvlll.  279.  §  Fcrussai,  Bui.  dea  be.  matlicmat.,  &c.,  182b,  27S. 

II  Record  of  Mining  and  Motaliurgy,  Pliilllps  and  Darlington. 
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hy  submitting  the  double  chloride  of  aluminium  and  sodium  oi  potassium  to  electro 

'^t'fusingle'chloride  of  aluminium  (obtained  by  the  Process  which  be Jo^^ 
described  under  the  head  of  the  chloride)  with  an  equal  equivalent  of  common  salt 
J  obfained  a  double  chloride,  which  fused  below  200°  C.  (360°  F.),  ^^-^  f^i'S  W 
metal  is  readily  reduced  by  the  same  electrolytic  process  previously  employed  by 
Bunsen  in  the  case  of  magnesium  (iw/acA  see). 

Bunsen  pointed  out  that  the  discrepancy  existing  in  the  properties-^of  the  metal  m 
the  two  states,  as  obtained  respectively  by  Wohler  and  DeviUe,  arose  from  its  Physical 
condition  ;  for  Bunsen  found  that  it  was  only  the  massive  metal  which  possessed  the 
properties  ascribed  to  it  by  Deville,  that  in  fact  the  pulverulent  modification  does 
decompose  water  at  100°  C,  as  stated  by  Wohler.  _ 

Almost  at  the  same  time  Deville  published  the  results  of  his  experiments  upon  the 
production  of  aluminium  on  a  larger  scale.f  He  quite  gave  up  the  hope  of  succeeding 
in  effecting  the  reduction  of  the  chlorides  by  any  of  the  common  metals.  He  ad- 
hered to  Wohler's  and  Bunsen's  methods,  carrying  them  out  on  a  larger  scale,  with 
modifications  and  improvements  in  the  details,  which  enabled  him  to  obtain  the  metal 
in  such  quantities,  and  thus  to  study  its  properties  with  so  much  success,  as  to  suggest 
numerous  applications,  the  probability  of  which  never  entered  the  minds  of  the  ori- 
ginal discoverers.  Very  great  credit  is  therefore  due  to  M.  Deville,  although  it  is  the 
practice  amongst  the  German  chemists  to  detract  from,  or  even  deny,  his  merit. 

The  following  is  the  method  described  by  M.  Deville  for  the  preparation  ot  this 
interesting  metal.  .       ,         .  ^  •  i  i 

Having  obtained  the  chloride  of  aluminium,  he  introduces  into  a  wide  glass 
(or  porcelain)  tube  200  or  300  grammes  of  this  salt  between  two  plugs  of  asbestos 
(or  in  a  boat  of  porcelain  or  even  copper),  allows  a  current  of  hydrogen  to  pass 
from  the  generator  through  a  desiccating  bottle  containing  sulphuric  acid  and 
tubes  containing  chloride  of  calcium,  and  finally  through  the  tube  containing  the 
chloride ;  at  the  same  time  applying  a  gentle  heat  to  the  chloride,  to  drive  off  any  free 
hydrochloric  acid  which  might  be  formed  by  the  action  of  the  air  upon  it.  _  He  now 
introduces  at  the  other  extremity  of  the  tube  a  porcelain  boat  containing  sodium  ;  and 
when  the  sodium  is  fused  the  chloride  of  aluminium  is  heated,  until  its  vapour  comes 
in  contact  with  the  fused  sodium.  A  powerful  reaction  ensues,  considerable  heat  is 
evolved,  and  by  continuing  to  pass  the  vapour  of  the  chloride  over  the  sodium  until 
the  latter  is  all  consumed,  a  mass  is  obtained  in  the  boat  of  the  double  chloride  of 
aluminium  and  sodium  (NaCl,  A\-  CP),  in  which  globules  of  the  newly  reduced  metal 
are  suspended.  It  is  allowed  to  cool  in  the  hydrogen,  and  then  the  mass  is  treated 
with  water,  in  which  the  double  chloride  is  soluble,  the  globules  of  metal  being 
unacted  upon. 

These  small  globules  are  finally  fused  together  in  a  porcelain  crucible,  hy  heating 
them  strongly  under  the  fused  double  chloride  of  aluminium  and  sodium,  or  even 
under  common  salt. 

This  process,  which  succeeds  without  much  difficulty  on  a  small  scale,  is  performed 
far  more  successfully  as  a  manufacturing  operation.  Two  cast-iron  cylinders  are 
now  employed  instead  of  the  glass  or  porcelain  tube,  the  anterior  one  of  which 
contains  the  chloride  of  aluminium,  whilst  in  the  posterior  one  is  placed  the  sodium 
in  a  tray,  about  10  lbs.  being  employed  in  a  single  operation.  A  smaller  iron 
cylinder  intermediate  between  the  two  former  is  filled  with  scraps  of  iron,  which 
serve  to  separate  iron  from  the  vapour  of  chloride  of  aluminium,  by  converting  the 
perchloride  of  iron  into  the  much  less  volatile  protochloride.  They  also  separate 
free  hydrochloric  acid  and  chloride  of  sulphur. 

During  the  progress  of  the  operation  the  connecting  tube  is  kept  at  a  temperature 
of  about  400°  to  600°  F.  ;  but  both  the  cylinders  are  but  very  gently  heated,  since  the 
chloride  of  aluminium  is  volatile  at  a  comparatively  low  temperature,  and  the  reaction 
between  it  and  the  sodium  when  once  commenced  generates  so  much  heat  that 
frequently  no  external  aid  is  required. 

Preparation  of  Aluminium  by  Electrolysis  Mr.  Gore  has  succeeded  in  obtaining 

plates  of  copper  coated  with  aluminium  by  the  electrolysis  of  solutions  of  chloride  of 
aluminium,  acetate  of  alumina,  and  even  common  alum  % ;  hut  the  unalloyed  metal 
cannot  be  obtained  by  the  electrolysis  of  solutions.  Deville,  however,  produced  it  in 
considerable  quantities  by  the  method  originally  suggested  by  Bunsen,  viz.  by  the 

*  Pogg.  Ann.  xcii.  G43.  +  Comptes  Ilendus,  xxxix.  321.  %  Phil.  Mag.  vli.  207. 
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electrolysis  of  the  fused  double  chloride  of  aluminium  and  sodium  (Na  V,  AP  F')  ■ 
but  since  this  process  is  far  more  troublesome  and  expensive  than  its  reduction  by 
sodium,  it  has  been  altogether  superseded. 

Preparation  of  Aluminium  from  Kryolite. — So  early  as  March  30,  1855,  a  specimen  of 
a,luminium  was  exhibited  at  one  of  the  Friday  evening  meetings  of  the  Royal  Institu- 
tion, which  had  been  obtained  in  Dr.  Percy's  laboratory  by  Mr.  Allan  Dick,  by  a 
process  entirely  different  from  that  of  Deville,  which  promised,  on  account  of  its  great 
simplicity,  to  supersede  all  others.*  It  consisted  in  heating  small  pieces  of  sodium, 
placed  in  alternate  layers  with  powdered  kryolite,  a  mineral  now  found  in  consider- 
able abundance  in  Greenland,  which  is  a  double  fluoride  of  aluminium  and  sodium, 
analogous  to  the  double  chloride  of  aluminium  and  sodium,  its  formula  being  Na  y\ 
AP  F^  The  process  has  the  advantage  that  one  of  the  materials  is  furnished  ready 
formed  by  nature. 

The  experiment  was  only  performed  on  a  small  scale  by  Mr.  Dick  in  a  platinum 
crucible  lined  with  magnesia  ;  the  small  globules  of  metal,  which  were  obtained  at 
the  bottom  of  the  mass  of  fused  salt,  being  subsequently  fused  together  under  chloride 
of  potassium  or  common  salt. 

Before  the  description  of  these  experiments  was  published,  M.  Rose,  of  Berlin, 
published  a  paper  in  September,  1855,  on  the  same  subject,  f  In  Rose's  experiments 
he  employed  cast-iron  crucibles,  in  which  was  heated  ten  parts  of  a  mixture  of  equal 
weights  of  kryolite  and  chloride  of  potassium  with  2  parts  of  sodium.  The  alumi- 
nium was  obtained  in  small  globules,  which  were  fused  together  under  chloride  of 
potassium,  as  in  Mr.  Dicks'  experiments. 

Rose  experienced  a  slight  loss  of  aluminium  by  fusion  under  chloride  of  potassium, 
and  found  it  more  advantageous  to  perform  this  fusion  under  a  stratum  of  the  double 
chloride  of  aluminium  and  sodium,  as  Deville  had  done. 

He  never  succeeded  in  extracting  the  whole  quantity  of  aluminium  present  in  the 
kryolite  (13  per  cent.),  chiefly  on  account  of  the  ready  oxidisability  of  the  metal 
when  existing  in  a  very  finely  divided  state,  as  some  of  it  invariably  does. 

It  does  not  appear  that  any  attempt  has  since  been  made  to  obtain  aluminium  on 
the  large  scale  from  kryolite,  probably  from  the  supply  of  the  mineral  not  proving  so 
abundant  as  was  at  one  time  anticipated. 

In  all  the  processes  which  have  been  found  practicable  on  any  considerable  scale, 
for  the  manufacture  of  aluminium,  the  powerful  affinities  of  sodium  are  employed  for 
the  purpose  of  eliminating  it  from  its  compounds.  The  problem  of  the  diminution  of 
the  price  of  aluminium  therefore  resolves  itself  into  the  improvement  of  the  methods 
for  procuring  sodium,  so  as  to  diminish  the  cost  of  the  latter  metal.  M.  Deville's 
attention  was  therefore  directed,  in  the  early  steps  of  the  inquiry,  to  this  point ;  and 
very  considerable  improvements  have  been  made  by  him,  which  will  be  found  fully 
described  under  the  head  of  Sodium. 

Deville  %  has  since  suggested  the  employment  at  once  of  the  double  salt  of  chloride 
of  aluminium  and  chloride  of  sodium  (NaCl,  Al-  Cl^,  instead  of  the  simple  chloride 
of  aluminium,  so  as  to  obtain  the  metal  by  means  of  sodium.  He  uses  400  parts 
of  this  double  salt,  200  of  common  salt,  200  of  fluor  spar,  and  75  to  80  of  sodium. 
The  above-mentioned  salts  are  dried,  powdered,  and  mixed  together  ;  then  with  these 
the  sodium,  in  small  pieces,  is  mixed,  and  the  whole  heated  in  a  crucible  under  a 
layer  of  common  salt.  After  the  reaction  is  complete,  the  heat  is  raised  so  as  to  pro- 
mote the  separation  of  the  aluminium  in  the  form  of  a  button.  It  was  found,  however, 
that  kryolite  was,  with  advantage,  substituted  for  the  fluor  spar. 

C  Brunner§  employs  artificially  prepared  fluoride  of  aluminium;  but  this 
method  cannot  offer  any  advantage  over  the  employment  of  the  chloride,  which  is 
cheaper,  or  the  kryolite,  which  nature  afi'ords.  _ 

Properties.— The^  metal  is  white,  but  with  a  bluish  tmge ;  and  even  when  pure 
has  a  lustre  far  inferior  to  silver. 

Specific  gravity,  2-56,  aud,  when  hammered,  2-67.  „o„„m;,. 

Conduct?  electricity  eight  times  better  than  iron,  and  is  feebly  magnetic. 

Its  fusinc  point  is  between  the  melting  points  of  zinc  and  silver. 

BySoFysisit  is  obtained  informs  which  Deville  believes  to  be  regular  octa. 
hedra  but  Rose,  who  has  also  occasionally  obtained  almn.nium  m  a  crystalhne  state 
(-from  krvolite),  denies  that  they  belong  to  the  regular  system. 

^  Then  pure  i^  is  unoxidised  even  in  moist  air ;  but  most  of  the  commercial  pe- 
cimens  (probably  from  impurities  present  in  the  metal)  become  covered  with  a 
S  grey  tarnish.    It  is  unaffected  by  cold  or  boiling  water  ;  even  steam  at  a  red 

'^ft  I  no!  S'uprbT^ofd  nL\c  acid,  and  only  very  slowly  dissolved  even  by  the 
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boiling  acid;  scarcely  attacked  by  dilate  sulphuric  acid,  but  readily  dissolved  by 
hydrochloric  acid,  with  evolution  of  hydrogen.  ^ 

Snlnhuretted  hvdroeen  and  sulphides  have  no  action  upon  it ,  and  it  is  not  even 
attSX  Sed  hvdmted  alkalis.  Professor  Wheatstone*  has  shown  that  m  the 
foTt?c  serL  alLinium,  although  having  so  smaU  an  atomic  number,  and  so  low  a 
IpSc  g™4\y,  is  mo?e  e  ectro-negative  than  zinc ;  but  it  is  positive  to  cadmium,  tin, 

^^t;TXTXl£~^  in  the.  properties  of  alunu- 

niumf  as  obtained  by  different  experimenters,  are  due  to  the  impurities  which  are 

^IfThe^naphtha  be  not  carefully  removed  from  the  sodium,  the  aluminium  is  liable 

to  contain  carbon.  •■,  „  i  

Frequently,  in  preparing  aluminium,  by  the  action  of  the  chloride  on  sodium,  try 
Deville's  original  process,  copper  boats  have  been  used  for  holding  the  sodium ;  in 
this  case  the  metal  becomes  contaminated,  not  only  with  copper,  but  also  with  any 
other  metals  which  may  be  present  in  the  copper— e.  g.  Salm-Horstmarf  found  copper 
in  the  aluminium  sold  in  Paris,  and  Erdmann  detected  zinc  J  ;  and  in  every  case  the 
metal  is  very  liable  to  become  mixed  with  silicon,  either  from  the  earthenware 
tubes,  boats,  or  crucibles,  hence  Salvetat  found,  even  in  the  aluminium  prepared  by 
Devil'le  himself,  2-87  per  cent,  of  silicon,  2 '40  of  iron,  6-38  of  copper,  and  traces  of 

The  following  analysis  of  commercial  aluminium  was  communicated  to  the  British 
Association,  at  its  meeting  in  1857,  by  Professor  Mallet. 

Made  in  Paris.  Made  in  Berlin. 

Al  -       -       -       -  92-969    -  -  -  -  96-253 

Fe   -       -       -       -    4-882    -  -  -  -  3-293 

Si    -       -       -     .  -    2-149    -  -  -  -  0-454 

Ti  -      -      -    '  -    trace   .  -  -  -  trace 


100-00  100-00 

Alloys  of  Aluminium. — Very  small  quantities  of  other  metals  suffice  to  destroy  the 
malleability  and  ductility  of  aluminium.  An  alloy  containing  only  ^'gth  of  iron  or 
copper  cannot  be  worked,  and  the  presence  of  -^th  copper  renders  it  as  brittle  as  glass. 
Silver  and  gold  produce  brittleness  in  a  less  degree.  An  alloy  of  5  parts  of  silver 
with  100  of  aluminium,  is  capable  of  being  worked  like  the  pure  metal,  but  it  is  harder, 
and  therefore  susceptible  of  a  finer  polish  ;  whilst  the  alloy,  containing  10  per  cent,  of 
gold,  is  softer,  but,  nevertheless,  not  so  malleable  as  the  pure  metal.  The  presence 
of  even  ^otu*^  P^^^  °^  bismuth  renders  aluminium  brittle  in  a  high  degree. 

These  statements  by  Tissier  §,  however,  require  confirmation;  for  Debray  states  that 
aluminium  remains  malleable  and  tough  when  containing  as  much  as  8  per  cent,  of 
iron,  or  10  per  cent,  of  copper,  but  that  a  larger  quantity  of  either  of  these  metals 
renders  it  brittle. 

It  is  curious  that  only  3  per  cent,  of  silver  are  sufficient  to  give  aluminium  the 
brilliance  and  colour  of  pure  silver,  over  which  the  alloy  has  the  great  advantage  of  not 
being  blackened  by  sulphuretted  hydrogen. 

On  the  other  hand,  small  quantities  of  aluminium  combined  with  other  metals 
change  their  properties  in  a  remarkable  manner.  Thus  copper  alloyed  with  only 
■i^th  of  its  weight  of  aluminium  has  the  colour  and  brilliance  of  gold,  and  is  still  very 
malleable  {Tissier)  ;  and  when  the  aluminium  amounts  only  to  |th  (i.e.  20  per  cent.), 
the  alloy  is  quite  white  (_Debray). 

An  alloy  of  90  parts  of  copper  and  10  of  aluminium  is  harder  than  common  bronze, 
and  is  capable  of  being  worked  at  high  temperatures  easier  than  the  best  varieties  of 
iron.    Larger  quantities  of  aluminium  render  the  metal  harder  and  brittle. — Debray.  || 

An  alloy  of  100  parts  of  silver  with  5  of  aluminium  is  as  hard  as  the  alloy 
employed  in  the  silver  coinage,  although  the  other  properties  of  the  silver  remain 
unchanged  {Tissier).    Similar  alloys  have  likewise  been  prepared  by  Dr.  Percy. V 

Messrs.  Calvert  and  Johnson  describe**  an  alloy  of  25  parts  aluminium  to  75  of 
iron,  which  has  the  valuable  property  of  not  oxidising  by  exposure  to  moist  air. 

Uses  of  Aluminium.  —  No  very  important  application  of  aluminium  has  yet  been 
made,  although,  at  the  time  M.  Deville's  experiments  were  commenced,  sanguine 
hopes  were  entertained  that  aluminium  might  be  produced  at  a  price  sufficiently 
low  to  admit  of  its  practical  application  on  a  large  scale,  these  anticipations  have 

*  Phil  Mag.  X.  143.  *  Journal  pr.  Chem.  Ixvii.  493 

t  Journal  pr.  Chem.  Ixvii.  494.  J  C.  and  J.  Tissier,  Coraptes  Rendus  xliii  885 

.'i  PhT  Mng! T.'^"^."""-  ^  Proceedings  of  the  Roy'al  Institution,  Mich 'l4.  185G. 
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not  been  realised;  and  as  yet,  on  account  chiefly  of  its  high  price*  the  applications 
Tvhich  have  been  made  of  this  interesting-  metal  are  but  few!  pucauons 
^  Its  low  specific  gravity,  combined  with  sufficient  tenacity,  recommends  it  for  manv 
interestmg  uses.  The  fractional  weights  used  by  chemists,  which  are  made  of  plati- 
num, are  so  extremely  small  that  they  are  constantly  being  lost ;  their  much  greater 
volume  m  aluminium  renders  this  metal  peculiarly  suitable.  In  the  construction  of 
the  beams  of  balances,  strength  combined  with  lightness  are  desiderata;  and  M 
JL>eyilIe  has  had  very  beautiful  balance  beams  made  of  this  metal ;  but  at  present  its 
high  price  has  prevented  their  extensive  adoption. 

These  same  qualities  render  this  metal  suitable  for  the  construction  of  helmets  and 
other  armour  ;  but  at  present  these  are  but  curiosities,  and  are  likely  to  remain  so, 
unless  some  cheaper  method  of  eliminating  the  metal  than  by  the  agency  of  sodium 
be  discovered.  o  j 

Its  quality  of  being  unacted  upon  by  oxygen,  sulphuretted  hydrogen,  and  many 
acids,  would  suggest  numerous  applications,  if  it  were  sufficiently  cheap;  e  g.  it  might 
be  used  for  coating  other  metals,  as  iron,  lead,  &c.,  to  protect  them  fiom  rust,  instead 
ot  paint.  t_  It  would  be  particularly  useful  for  covering  the  pipes  and  cisterns 
employed  m  water  supply,  and  thus  preventing  the  accidents  which  are  constantly 
resulting  from  the  action  of  water  on  lead. 

This  metal  has  been  proposed  for  making  spoons,  Sec,  instead  of  silver.  It  cer- 
tainly has  the  advantage  of  not  being  blackened  by  sulphuretted  hydrogen  ;  but  those 
which  the  writer  has  seen  have  a  dull  leaden  hue— far  inferior,  even,  to  somewhat 
tarnished  silver  in  brilliance, — and  would  certainly  not  be  held  in  high  esteem  by  the 
public. 

It  has  been  suggested  to  employ  aluminium,  on  account  of  its  sonorousness  and 
ductility,  for  making  piano-forte  wires.  It  was  also  imagined  that  it  might  be  used 
in  making  bells  ;  but  Mr.  Denison  has  quite  set  this  question  at  rest.  No  one  who 
heard  the  sound  of  his  aluminium  bell  will  again  think  of  such  an  application. 

Probably  one  of  the  most  interesting  of  the  applications  of  aluminium  ( at  least,  in 
a  scientific  point  of  view)  that  has  been  made,  is  the  recent  one  by  Deville  and 
Wohler,  of  employing  it  in  the  production  of  crystalline  allotropic  modifications  of 
certain  other  elements  hitherto  unknown  in  that  state ;  e.  g.  boron,  silicon,  and 
titanium  {which  see).  It  depends  upon  the  fact  that  these  elements,  in  the  amorphous 
state,  dissolve  in  fused  aluminium,  and,  on  cooling  the  molten  solution,  they  slowly 
separate  from  the  aluminium  in  the  crystalline  state. 

Our  first  importation  of  aluminium  was  in  1856,  to  the  value  of  357.— H.  M.  W. 

ALUMINIUM,  CHLORIDE  OF  (AF  CP— 133'9).  Preparation.  — Ch\oT\A.e  of 
aluminium  cannot  be  prepared  by  treating  alumina  with  hydrochloric  acid,  as  in 
the  case  of  most  chlorides  ;  for  on  evaporating  the  solution  to  dryness,  hydrochloric 
acid  is  evolved  and  alumina  alone  remains. 

The  method  at  present  used  is,  in  principle,  the  same  as  that  originally  suggested 
by  QSrsted,  which  has  since  found  numerous  other  applications.  It  is  impossible  to 
convert  alumina  into  the  chloride  by  the  direct  action  of  chlorine  alone  ;  at  any  tem- 
perature the  chlorine  is  as  incapable  of  displacing  the  oxygen  from  the  alumina  as  it 
would  from  lime.  But  if  the  attraction  of  the  chlorine  for  the  metal  be  supported  by 
the  affinity  of  carbon  for  the  oxygen,  then  the  compound  is,  as  it  were,  torn  asunder, 
carbonic  acid  or  carbonic  oxide  resulting  on  the  one  hand,  and  the  chloride  of  alu- 
minum on  the  other. 

On  the  large  scale  the  chlorine  is  passed  over  a  previously  ignited  mixture  of  clay 
and  coal  tar,  contained  in  retorts  like  those  used  in  the  manufacture  of  coal  gas, 
which  are  heated  in  a  furnace  ;  the  chloride,  which  on  account  of  its  volatility  is 
carried  off,  being  condensed  in  a  chamber  lined  with  plates  of  earthenware,  where  it 
is  deposited  in  a  crystalline  mass. 

Properties. —  It  is  a  yellowish  crystalline  solid,  readily  decomposed  by  the  moisture 
of  the  air  into  hydrochloric  acid  and  alumina,  volatile  at  a  dull  red  heat.  It  is  very 
soluble  in  water,  but  cannot  be  recovered  by  evaporating  the  solution.  —  H.  M.  W. 

ALUMINIUM,  FLUORIDE  OF.  (AP  F')  The  existence  of  the  fluoride  of 
aluminium  in  nature,  the  form  of  the  double  fluoride  of  sodium  and  aluminium, 
namely,  Na  F,  AF  F',  as  kryolite,  and  the  use  of  this  mineral  in  the  manufacture  of 
aluminium,  has  been  already  alluded  to.  The  fluoride  of  aluminium  likewise  exists 
in  two  other  minerals,  namely,  the  topaz  [3  (AP  0»  Si  O')  +  (Al»  0'  + AF  F')]  and 
pycnite,  3  (  AP  O',  Si  O')  +  AP  F».  J 

The  pure  fluoride  can  only  be  obtained  artificially  by  dissolving  pure  aluminum 

»  The  present  price  of  Aluminiiim  In  London  Is  5j.  perouncc,  whilst  only  in  March,  185G,  Just  .after 
M.  ncville's  experiniGnts  h.ni  been  made,  it  cost  Zl.  per  ounce. 

t  It  is  cilciiiated  that  more  than  ii  million  sterling  is  annn.illy  expended  in  the  metropolis  on  the 
paint  necessary  to  protect  the  iron-work  from  decay. — licv.  J.  Barlow. 

t  Graham's  Elements  of  Chemistry,  i.  COS. 
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in  hydrofluoric  acid.    It  has  a  great  tendency  to  form  double  salts  ^ith  the  fluorides 

"'ES^ATrvt^-^Jie^mll-cludes  several  compounds  of  sulphate  of  alumina 
^ith  the  sulphate  of  some  other  base,  as  magnesia,  potash,  soda,  the  protoxides  of 
"on,  manganese,  &c.  They  occur  generally  as  efflorescences,  or  m  fibrous  masses ; 
when  crystallised  they  assume  octahedral  forms. 

Native  alum  is  soluble  in  water,  and  has  an  astringent  taste,  like  that  of  the  alum 

°^AUJM  SHALE.  The  chief  natural  source  from  which  the  alum  of  commerce  is 
derived  in  this  country.  It  occurs  in  a  remarkable  manner  near  Whitby,  in  Xoris.- 
shire,  and  at  Hurlet  and  Campsie,  near  Glasgow.  A  full  description  of  the  aluni 
shale,  and  of  the  processes  by  which  the  cry  stall  isable  alum  is  separated,  wUl  be  touna 

under  Alum.  .    ^       ^     mL-      •       i  •„ 

ALUMSTONE,  or  ALUNITE  (Alun,  Fr. ;  Alaunstein,  Germ.).  This  mineral  is 
composed  of  alumina  37-13,  sulphuric  acid  38  53,  potash  11-34,  water  13-00.  Sihca 
is  also  frequently  present  as  an  impurity,  sometimes  to  the  extent  of  60  per  cent.  It 
is  a  white,  greyish,  or  reddish  mineral,  affording  a  white  streak,  and  an  uneven,  flat, 
conchoidal  fracture,  which  is  splintery  in  the  massive  varieties.    It  is  transparent  or 

subtranslucent.  ,  •  .   ■     ,    •    ,  r 

Alumstone  is  one  of  the  sources  of  the  alum  of  commerce,  which  is  obtained  irom 
it  in  crystals  after  frequent  roasting,  and  lixiviation  in  water. 

Alumstone  is  found  at  Tolfa,  near  Civita  Vecchia,  in  the  Koman  States  (sometimes 
in  crystals);  at  Elizabethpol,  in  Georgia;  at  Pic  de  Saucy,  in  France ,  and  in  the 
Grecian  Archipelago.  The  compact  varieties  from  Hungary  are  so  hard  as  to  be 
used  for  millstones. — Dana. 

AMADOU.  {Amadou,  Fr.;  Zunderschwamm,  Gr.)  The  name  of  a  spongy  com- 
bustible substance,  prepared  from  a  species  of  agaric,  the  boletus  igniarius,  which  grows 
on  the  trunks  of  cherry  trees,  ashes,  beeches,  &c. ;  it  is  sometimes  known  as  spunk, 
and  as  touchwood,  but  commonly  in  this  country  it  is  called  German  tinder.  It  must 
be  plucked  in  the  months  of  August  and  September.  This  plant  grows  horizontally 
on  tbe  several  trees  on  which  it  is  indigenous  :  when  it  makes  its  first  appearance  it 
is  a  little  round  wart-like  body,  not  larger  than  a  pea  ;  it  gradually  increases  in  size 
and  hardness  till  it  becomes  of  a  darkish  brown,  and  is  as  large  as  an  apple.  It  after- 
wards takes  a  horizontal  direction,  forms  a  border,  and  becomes  covered  with 
numerous  closely  packed  tubes  on  its  under  surface.  When  the  plant  is  full  grown 
the  tubes  are  of  a  reddish-brown  colour  and  of  a  hard  woody  texture,  and  the  upper 
surface  is  of  various  colours,  disposed  in  grey,  brown,  or  clouded  rings.  It  is  pre- 
pared by  removing  the  outer  bark  with  a  knife,  and  separating  carefully  the  spongy 
substance,  of  a  yellow  brown  colour,  which  lies  within  it,  from  the  ligneous  matter 
below.  This  substance  is  cut  into  thin  slices,  and  beat  with  a  mallet  to  soften  it,  till 
it  can  be  easily  pulled  asunder  between  the  fingers.  In  this  state  the  boletus  is  a 
valuable  substance  for  stopping  oozing  hfemorrhages,  and  some  other  surgical  pur- 
poses. To  convert  it  into  tinder  it  must  receive  a  finishing  preparation,  which  con- 
sists in  boiling  it  in  a  strong  solution  of  nitre  ;  drying  it,  beating  it  anew,  and  putting 
it  a  second  time  into  the  solution.  Sometimes,  indeed,  to  render  it  very  inflammable, 
it  is  imbued  with  gunpowder,  whence  the  distinction  of  black  and  brown  amadou. 

All  the  puff-balls  of  the  lycopodium  genus  of  plants,  which  have  a  fleshy  or  fila- 
mentous structure,  yield  a  tinder  by  soaking  in  gunpowder  water.  The  Hindoos 
employ  a  leguminous  plant,  which  they  caU  solu,  for  the  same  purpose.  Its  thick 
spongy  stem,  being  reduced  to  charcoal,  takes  fire  like  amadou. 

AMALGAM.  When  mercury  is  alloyed  with  any  metal,  the  compound  is  called 
an  amalgam  of  that  metal ;  as,  for  example,  an  amalgam  of  tin,  bismuth,  &c. 

Some  amalgams  are  solids  and  others  fluids  ;  the  former  are  often  crystalline,  and 
the  latter  may  be  probably  regarded  as  the  solid  amalgam  dissolved  in  mercury. 

Silver  Amalgam  may  be  formed  by  mixing  finely-divided  sUver  with  mercury.  The 
best  process  is  to  precipitate  silver  from  its  solution  by  copper,  when  we  obtain  it  in 
a  state  of  fine  powder,  and  then  to  mix  it  with  the  mercury. 

A  native  amalgam  of  mercury  and  silver  occurs  in  fine  crystals  in  the  mines  of  the 
Palatinate  of  Moschellandsberg :  it  is  said  to  be  found  where  the  veins  of  copper  and 
silver  intersect  each  other.  Dana  reports  its  existence  in  Hungary  and  Sweden,  at 
AUemont,  in  Dauphine ;  Almaden,  in  Spain,  and  in  Chili ;  and  he  quotes  the  following 
analyses  :  — 

Silver.  Mercury. 
Moschellandsberg      -       -       .    36-0    -       -       -    64-0  by  Klaproft 
Ditto  -       -       -    25-0    -       -       -    73-3  „  Heyer. 

Allemont   27-5    -       -       -    72'5  „  Cordier. 

If  six  parts  of  a  saturated  solution  of  nitrate  of  silver  with  two  parts  of  a  saturated 
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solution  of  the  protonitrate  of  mercury  are  mixedVith  an  amalgam  of  silver  one  nart 
and  mercury  seven,  the  solution  is  speedily  filled  with  beautiful  arborescent  crystals 
— the  Arbor  DiancB,  the  tree  of  Diana,— or  the  silver  tree. 

Gold  Amalyam  is  made  by  heating  together  mercury  with  grains  of  gold  or 
gold-foil ;  when  the  amalgam  of  gold  is  lieated,  the  mercury  is  volatilised  and  the 
gold  left.  This  amalgam  is  employed  in  the  process  known  as  that  of  fire  gilding 
although,  since  electro-gilding  has  been  introduced,  it  is  not  so  frequently  employed 
A.  gold  amalgam  is  obtained  from  the  platinum  region  of  Columbia  ;  and  it  has  ijeen 
reported  from  California,  especially  from  near  Mariposa.  Schneider  gives  its  com- 
position, mercury,  57  40;  gold,  38-89  ;  silver,  5'0. 

Tin  Amalgam.  —  By  bringing  tinfoil  and  mercury  together,  this  amalgam  is  formed, 
and  IS  used  for  silvering  looking-glasses.  (See  Silvering  Glass.)  If  melted  tin 
and  mercury  are  brought  together  in  the  proportion  of  three  parts  mercury  and  one 
part  tin,  the  tin  amalgam  is  obtained  in  cubic  crystals. 

Electric  Machine  Amalgam.  — MAt  equal  parts  of  tin  and  zinc  together,  and  com- 
bine these  with  three  parts  of  mercury :  the  mass  must  be  shaken  until  it  is  cold  ;  the 
whole  IS  then  rubbed  down  with  a  small  quantity  of  lard,  to  give  it  the  proper 
consistence. 

Amalgam  Copper,  for  stopping  teeth.  The  French  dentists  have  long  made  use  of 
this  for  stopping  teeth.  It  is  sold  in  small  rolls  of  about  a  drachm  and  a  half  in 
weight ;  it  is  covered  with  a  greyish  tarnish,  has  a  hardness  much  greater  than  that 
of  bone,  and  its  cohesion  and  solidity  are  considerable.  When  heated  nearly  to  the 
point  of  boiling  water  this  amalgam  swells  up,  drops  of  mercury  exuding,  which  dis- 
appear again  on  the  cooling  of  the  substance.  If  a  piece,  thus  heated,  be  rubbed  up 
in  a  mortar,  a  plastic  mouldable  mass,  like  poor  clay,  is  obtained,  the  consistence  of 
which  may,  by  continued  kneading,  be  increased  to  that  of  fat  clay.  If  the  moulded 
mass  be  left  for  ten  or  twelve  hours,  it  hardens,  acquiring  again  its  former  properties, 
without  altering  its  specific  gravity.  Hence  the  stopping,  after  it  has  hardened, 
remains  tightly  fixed  in  the  hollow  of  the  tooth.  The  softening  and  hardening  may 
be  repeated  many  times  with  the  same  sample.  Pettenkofer  ascribes  these  phenomena 
to  a  state  of  amorphism,  with  which  the  amalgam  passes  from  the  crystalline  condi- 
tion in  the  process  of  softening.  All  copper  amalgams  containing  between  0-25  to 
0'30  of  copper  exhibit  the  same  behaviour.  The  above  chemist  recommends,  as  the 
best  mode  of  preparing  this  amalgam,  that  a  crystalline  paste  of  sulphate  of  suboxide 
of  mercury  (prepared  by  dissolving  mercury  in  hydrated  sulphuric  acid  at  a  gentle 
heat)  be  saturated  under  water  at  a  temperature  of  from  60°  to  70°,  with  finely 
divided  reguline  copper  (prepared  by  precipitation  from  sulphate  of  copper  with  iron). 
One  portion  of  the  copper  precipitates  the  mercury,  with  formation  of  sulphate  of 
copper;  the  other  portion  yields  with  mercury  an  amalgam:  100  parts  of  dissolved 
mercury  require  the  copper  precipitated,  by  iron,  from  232'5  parts  of  sulphate  of 
copper.  As  in  dissolving  the  mercury  the  protoxide  is  easily  formed  instead  of  the 
suboxide,  particularly  if  too  high  a  temperature  be  maintained,  it  is  advisable,  in  order 
to  avoid  an  excess  of  mercury  in  the  amalgam,  to  take  223  parts  of  sulphate  of  copper, 
and  to  add  to  the  washed  amalgam,  which  is  kept  stirred,  a  quantity  of  mercury  in 
minute  portions,  corresponding  to  the  amount  of  suboxide  contained  in  the  mercury 
salt,  until  the  whole  has  become  sufiiciently  plastic.  This  amalgam  may  be  obtained 
by  moistening  finely-divided  copper  with  a  few  drops  of  a  solution  of  nitrate  of  sub- 
oxide of  mercury,  and  then  triturating  the  metal  with  mercury  in  a  warmed  mortar. 
The  rubbing  may  be  continued  for  some  time,  and  may  be  carried  on  under  hot 
water,  mercury  being  added  until  the  required  consistence  is  attained. 

A  remarkable  depression  of  temperature  during  the  combination  of  amalgams  has 
been  observed  by  several  chemists. 

Dobereiner  states  that  when  816  grains  of  amalgam  of  lead  (404  mercury  and  412 
lead)  were  mixed,  at  a  temperature  of  68°,  with  688  grains  of  the  amalgam  of 
bismuth  (404  mercury  and  284  bismuth)  the  temperature  suddenly  fell  to  30°,  and  by 
the  addition  of  808  grains  of  mercury  (also  at  68°)  it  became  as  low  as  17°;  the 
total  depression  amounting  to  51°. 

In  certain  proportions  of  mixture  of  the  constituents  of  fusible  metal  (tin,  lead,  and 
bismuth)  with  mercury,  Dobereiner  formed  surprising  depressions  of  temperature  ;  the 
temperature,  he  records  of  one  experiment,  sank  instantly  from  65°  to  14°. 

AMALGAMATION.    See  Mercury  and  Silver. 

AMARINE.  (C'*H"N-)  An  organic  base  produced  from  bitter  almond  oil. 
The  oil  is  first  treated  with  ammonia,  by  which  means  hydrobenzamide  is  formed: 
the  latter,  on  boiling  with  potash,  undergoes  a  curious  change  resulting  in  the  forma- 
tion of  amarine.  Amarine  and  hydrobenzamide  are  isomeric  or  polymeric,  the  per- 
centage composition  being  the  same  in  both. —  C.  G.  W. 

AMBAR,  LIQUID.  (^Ambre,  Liqiddc,Yv.)  In  former  editions  of  this  Dictionary,  the 
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Hciuid-ambar.asitwas  called,  wasco« 

from  the  liquid-ambar  '''^^'^i^"'*      ^'".^^.f '  f;"7^a?ely^  and  it  is 

agreeaWyyiike  benzoin,  has  a  bitterish,  sharp,  burning  taste  ;  is  soluble  m  4  parts  of 
alcohol  and  contains  only  1-4  per  cent,  of  benzoic  acid.  „  ,    ^     ,     .  t,„„ 

AMBER.  (Succin,  ;  Bernstein,  Germ.)  The  Electron  of  the  Greeks,  to  ^hom 
this  substance  appears  to  have  been  well  known.  From  its  pecul.ar  Property  ot 
manifesting  electrical  phenomena,  we  have  derived  our  word,  electricily.  it  appears 
to  have  been  known  to  the  Romans  under  the  names  of  hjncurium,  and,  because  oi 
its'  supposed  vegetable  origin,  succinum.  The  ancients  also  gave  the  name  electruvi  to 
a  yellow  metal  containing  gold  and  silver.  _  ,  .  ,  , 

Amber  is  a  mineral  solid,  of  a  yeUow  colour  of  various  shades,  which  burns  quite 
awav  with  flame,  and  consists  of  carbon,  hydrogen,  and  oxygen,  m  nearly  the  same 
proportions,  and  in  the  same  state  of  combination,  as  vegetable  resm.  The  chemical 
composition,  according  to  Schrdtter,  is : — 

Carbon  78  82 

Hydrogen  -------       -  10'22 

Oxygen      -       --       --       --       -  10'9 

Its  specific  gravity  varies,  by  Dr.  Ure's  trials,  from  1-080  to  r085.  It  becomes 
negatively  and  powerfully  electrical  by  friction.  When  applied  to  a  lighted  candle  it 
takes  fire,  swells  considerably,  and  exhales  a  white  smoke  of  a  pungent  odour  ;  but 
does  not  run  into  drops.  Copal,  which  resembles  it  in  several  respects,  differs  in 
being  softer,  and  in  melting  into  drops  at  the  flame ;  and  mellite,  or  honey-stone, 
which  is  a  mineral  of  a  similar  colour,  becomes  white  when  laid  on  a  red-hot  coal. 

The  texture  of  amber  is  resino-vitreous,  its  fracture  conchoidal,  and  lustre  glassy. 
It  is  perfectly  homogeneous  ;  sufficiently  hard  to  scratch  gypsum,  and  to  take  a  fine 
polish.  It  is,  however,  scratched  by  calcareous  spar.  When  amber  is  distilled  in  a 
retort,  crystalline  needles  of  succinic  acid  sublime  into  the  dome,  and  oil  of  amber 
drops  from  the  beak  into  the  receiver.  Fossil  resins,  such  as  that  of  Highgate, 
found  in  the  London  clay  formation,  do  not  afford  succinic  acid  by  heat ;  nor  does 
copal.  Amber  is  occasionally  found  of  a  whitish  and  brownish  colour.  The  Rev. 
F.  W.  Hope,  F.R.S.,  in  his  paper  on  the  "Succinic  Insects,"  states  them  to  be  alto- 
gether extra-European.  "  Amber  is  occasionally  met  with  in  the  gravel-pits  near 
London,  and  I  have  seen  specimens  which  were  found  in  Hyde  Park.  At  Aldborough 
after  a  raking  tide,  it  is  thrown  on  the  beach  in  considerable  quantities,  along  with 
masses  of  jet.— 2?eu.  F.  W.  Hope,  Trans.  Ent.  Soc. 

The  most  interesting  fact  relative  to  this  vegeto-mineral  is  its  geological  position, 
which  is  very  characteristic  and  well  determined.  It  is  found  almost  uniformly  in 
separate  nodules,  disseminated  in  the  sand,  clay,  or  fragments  of  lignite  of  the  plastic 
clay  formation,  situated  between  the  calcaire  grossier  (crag  limestone)  of  the  tertiary 
strata  above,  and  the  white  chalk  below.  The  size  of  these  nodules  varies  from  a 
nut  to  a  man's  head ;  but  this  magnitude  is  very  rare  in  true  amber.  It  does  not 
occur  either  in  continuous  beds,  like  the  chalk  flints,  or  in  veins ;  but  it  lies  at  one 
time  in  the  earthy  or  friable  strata  which  accompany  or  include  the  lignites ;  at 
another  entangled  in  the  lignites  themselves.  The  pieces  of  amber  found  in  the 
sands,  and  other  formations  evidently  alluvial,  those  met  with  on  the  sea-coasts  of 
certain  countries,  and  especially  Pomerania,  come  undoubtedly  from  the  above 
geological  formation  ;  for  the  organic  matters  found  still  adhering  to  the  amber  leave 
no  doubt  as  to  its  primitive  place.  Amber  does  not,  therefore,  belong  to  any  postdi- 
luvian or  modern  soil,  since  its  native  bed  is  covered  by  three  or  four  series  of  strata, 
often  of  considerable  thickness,  and  well  characterised,  proceeding  upwards  from  the 
plastic  clay  which  includes  the  amber  :  these  are,  the  crag  limestone,  the  bone 
gypsum,  with  its  marls,  the  marly  limestone,  the  upper  marl  sandstone,  which  covers 
it,  and,  lastly,  the  freshwater  or  lacustrine  formation,  often  so  thick,  and  composed  of 
calcareous  and  siliceous  rocks. 

The  amber  bed  is  not,  however,  always  covered  with  all  these  strata;  and  it  is 
oven  rare  to  see  a  great  mass  of  one  of  them  above  the  ground  which  contains  it : 
because,  were  it  buried  under  such  strata,  it  would  be  difficult  to  meet  with  such 
circumstances  as  would  lay  it  spontaneously  open  to  the  day.  The  true  yellow 
amber  belongs  therefore  to  the  plastic  clay  formation  intermediate  in  England 
between  the  chalk  and  the  London  clay.  The  vegetable  origin  of  amber  is  satisfac- 
torily determined  by  its  chemical  composition, — its  optical  properties,  as  shown  by 
Sir  David  Brewster, — and  by  the  condition  in  which  insects  and  the  remains  of  insects 
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are  found  in  this  resin,  along  with  fragments  of  leaves  and  stalks.  Certain  families 
of  insects  occur  more  abundantly  thau  others.  Thus  the  hymenoptcra,  or  insects  with 
four  marked  membranaceous  wings,  as  the  bee  and  -wasp,  are  not  abundant.  The 
diptcra,  or  insects  with  two  wings,  as  gnats  and  flies,  are  more  numerous.  Then 
come  the  spider  tribe,  some  cdeoptera  (insects  with  crustaceous  shells  or  elytra, 
which  shut  together  and  form  a  longitudinal  suture  down  the  back),  or  beetles — 
principally  those  which  live  on  trees,  as  the  elaterides,  or  leapers,  and  the  chrysomelida. 
The  insects  appear  evidently  to  have  struggled  after  being  entangled  in  the  then 
viscous  fluid,  and  occasionally  a  leg  or  a  wing  is  found  at  some  distance  from  the 
body,  which  had  been  detached  in  the  efforts  of  the  insect  to  escape  from  the  resin. 
Goppert  has  named  the  tree  supposed  to  have  yielded  the  amber,  Piniles  succinifer. 

Germar  and  Schweiger  state  that  the  insects  enveloped  in  amber  are  in  general 
such  as  sit  on  the  trunks  of  trees,  or  live  in  the  fissures  of  their  bark.  These 
naturalists  have  not  been  able  to  refer  them  to  any  living  species ;  but  it  has  been 
observed  that  they  resemble  more  the  insects  of  hot  climates  than  those  of  the  tempe- 
rate zones.  D.  T.  Tessler  sent  to  the  Exhibition  in  1851,  a  piece  of  amber  containing 
the  leg  of  a  toad.  Amber  is  found  abundantly  on  the  Prussian  coast  of  the  Baltic, 
occuring  from  Dantzio  to  Memel,  especially  between  Pillau  and  Dorfe  Gross-Hub- 
nicken.  It  occurs  also  on  the  coast  of  Denmark  and  Sweden;  in  Gallicia,  near 
Lemberg,  and  at  Missan,  in  Poland ;  in  Moravia,  at  Boskowitz  ;  in  the  Uralian  Moun- 
tains, Russia ;  near  Christiania,  Norway ;  in  Switzerland,  near  Basle,  and  other  places. 
Small  quantities  are  occasionally  found  in  the  clay  of  the  Paris  and  the  London  basins. 
On  the  Sicilian  coast  amber  is  sometimes  found  having  a  peculiar  blue  tinge. 

Amber  is  collected  on  the  coast  of  Prussia  in  several  ways.  It  is  found  in  the 
beds  of  streams ;  in  the  sand-banks  of  rivers ;  in  pieces  thrown  up  by  the  sea  and 
rounded  by  the  waves ;  it  is  sought  for  in  the  cliffs,  and  in  some  places  mining 
operations  for  it  are  carried  on. 

The  amber  fishers,  clothed  in  leather  dresses,  wade  into  the  sea,  and  seek  to 
discover  the  amber  floating  on  its  surface,  which  they  secure  with  bag  nets  hung  at 
the  ends  of  long  poles.  They  conclude  that  much  amber  has  been  detached  from  its 
bed,  when  they  discover  many  pieces  of  lignite  floating  about.  Mining  is  carried  on 
by  sinking  through  the  sand  and  superficial  strata  to  the  beds  containing  the  amber 
and  lignite  ;  many  of  these  pits  are  sunk  to  the  depth  of  130  feet.  The  faces  of  the 
precipitous  cliffs  are  explored  in  boats,  and  masses  of  loose  earth  or  rock  supposed  to 
contain  the  object  of  search  are  detached  with  long  poles  having  iron  hooks  at  their 
ends. 

The  most  extensive  use  of  amber  is  for  the  construction  of  mouth-pieces  to  pipes; 
these  form  an  essential  constituent  of  the  genuine  meerschaum  and  the  Turkish 
pipe.  There  is  a  current  belief  in  Turkey  that  amber  is  incapable  of  transmitting 
infection,  and  as  it  is  a  great  mark  of  politeness  to  offer  the  pipe  to  a  stranger,  this 
supposed  negative  property  of  amber  accounts  in  some  measure  for  the  estimation 
in  which  it  is  held.  Amber  necklaces  are  not  uncommon  :  the  Russian  peasant  girls 
adorn  themselves  with  double  and  treble  rows  of  amber  beads,  but  it  not  unfrequently 
happens  that  copal  is  substituted  for  the  genuine  article. 

The  Prussian  government  is  said  to  draw  an  annual  revenue  of  17,000  dollars  from 
amber.  A  good  piece  of  a  pound  weight  fetches  50  dollars.  A  mass  weighing  13 
pounds  has  been  found,  the  value  of  Which  at  Constantinople  was  said  to  be  not  less 
than  30,000  dollars.  .  ,    ^  , 

When  amber  is  to  be  worked  into  trinkets,  it  is  first  split  on  a  leaden  plate  at  a 
lathe,  and  then  smoothed  into  shape  on  a  Swedish  whetstone.  It  is  polished  on  the 
lathe' with  chalk  and  water,  or  vegetable  oil,  and  finished  by  friction  with  flannel. 

Amber,  after  having  been  filed,  may  be  polished  with  Trent  sand,  or  scraped 
Flanders  brick,  on  flannel  with  water,  or  with  rottenstone  with  oil  on  flannel,  or  the 
same  material  dry  on  the  hand.  Turned  works  are,  however,  generally  polished  first 
with  elass-paper  and  then  with  rottenstone  and  oil.  Necklaces  and  other  ornament^ 
in  amber  are  frequently  cut  into  facets  by  the  gold  cutters,  those  artisans  who  cut  and 
polish  facetted  works.— //oZtea/J^e/.  ,    ,    .      ,  e  r 

From  the  electrical  character  of  amber,  it  frequently  during  the  process  of  polishing 
becomes  so  excited  as  to  crack  and  fly  to  pieces.  The  workmen  therefore  take 
several  pieces,  and  work  them  each  for  a  short  time  and  m  regular  order.  These 
men  are  said  to  be  seized  with  nervous  tremors  in  their  wrists  and  arms  from  the 

electricity  thus  developed.  .      ,  .     ,  ,.      j  „;i  „„j 

Pieces  of  amber  may  be  neatly  joined  by  smearing  their  edges  with  linseed  oil  and 

pressing  them  strongly  together  while  they  are  held  over  a  charcoal  fire. 
Our /;;i;)orta<;ons  of  amber  were :— 

Rough  amber  ^^       J~ ,  j°io<; 

Manufactures  of,  unenumerated  (except  beads),  -    \  alue.  £,i  i-iao 


AMETHYST. 


129 


AMBER,  ACID  OF,    See  Succinic  Acid. 

AMBER,  OIL  OF.  (0/eum  succinum.)  This  is  obtained  by  distilling  amber,  for 
-which  purpose  ohippings  of  amber  and  inferior  pieces  are  used.  When  it  is  distilled 
■with  charcoal,  the  first  product  is  the  rectified  oil  of  amber.  The  oil  of  amber  has  a 
composition  C""  H'«.  When  1  part  of  rectified  oil  of  amber  is  dissolved  in  24  parts  of 
alcohol  of -830  and  96  of  caustic  ammonia  of -916,  cau  de  luce  is  formed.  Eau  de 
luce  was  a  celebrated  old  perfume,  but  it  is  now  rarely  made. 

If  nitric  acid  is  poured  into  eau  de  luce  a  viscid  resinous  mass  is  formed,  which  has 
the  smell  of  musk,  and  is  known  as  artificial  musk.  Formerly  this  preparation,  dis- 
solved in  alcohol,  was  considered  as  a  specific  in  whooping-cough,  and  it  was  fre- 
quently administered  in  spasmodic  diseases. 

AMBER  VARNISH.  A  strong  and  durable  varnish  is  made  by  dissolving  amber 
in  drying  linseed  oil.  The  amber  is,  however,  previously  heated  in  an  iron  pot,  over 
a  clear  red  fire,  till  it  softens  and  assumes  a  semi-fluid  form.  The  oU,  which  has 
been  previously  heated,  is  to  be  poured  on  the  melted  amber,  and  the  mixture  dili- 
gently stirred. 

The  following  proportions  are  stated  to  be  the  best : — 16  ounces  of  amber  and  10 
ounces  of  linseed  oil.  When  these  are,  by  the  above  method,  thoroughly  incorpo- 
rated, and  the  liquid  is  somewhat  cooled,  a  pound  of  oil  of  turpentine  must  be  added. 

Black  coachmakers'  varnish  is  prepared  by  melting  1 6  ounces  of  amber  and  adding 
thereto  about  half  a  pint  of  boiling  hot  drying  linseed  oil,  3  ounces  of  asphaltum,  and 
the  same  quantity  of  resin.  After  these  have  been  thoroughly  mixed  over  the  fiire, 
the  vessel  containing  the  varnish  is  removed,  and,  after  cooling,  a  pint  of  warm  oil 
of  turpentine  is  added. 

Amber  is  composed  of  a  mixture  of  two  resins,  which  are  soluble  in  alcohol  and 
ether,  and  in  some  of  the  recently  discovered  hydro- carbon  compounds.  Varnishes 
are  therefore  prepared  with  tkem,  and  sold  under  the  name  of  amber  spirit  varnishes 
but  these  ai-e  frequently  composed  of  either  copal  or  mastic.    They  have  been  much 
used  for  varnishing  collodion  pictures. 

AMBERGRIS.  {Ambregris,  Fr. ;  Ambra,  Germ.)  A  morbid  secretion  from  the  liver 
of  the  spermaceti  whale  (Phi/seter  macrocephalus') ;  it  is  found  usually  swimming  upon 
the  sea.  It  occurs  upon  the  coasts  of  Coromandel,  Japan,  the  Mol  uccas,  and  Madagascar, 
and  has  sometimes  been  extracted  from  the  rectum  of  whales  in  the  South  Sea  fishery' 

It  is  found  on  various  parts  of  the  east  coast  of  Africa,  as  well  as  in  the  eastern  seas. 

The  best  is  ash-coloured,  with  yellow  or  blackish  veins  or  spots,  scarcely  any  taste, 
and  very  little  smell  unless  heated  or  much  handled,  when  it  yields  an  agreeable 
odour.  Exposed  in  a  silver  spoon  it  melts  without  bubble  or  scum,  and  on  the  heated 
point  of  a  knife  it  vaporises  completely  away. 

The  Chinese  try  its  genuineness  by  scraping  it  fine  upon  boiling  tea.  It  should 
dissolve  and  diffuse  itself  generally.  Black  or  white  is  bad.  The  smooth  and  uniform 
is  generally  factitious. 

Capt.  Alex.  Hamilton,  in  his  "  Thirty  Years'  Experience,"  says,  "  Sometimes,  in  the 
south-west  monsoons,  they  find  ambergrease  floating  on  the  sea.  I  saw  a  piece  in 
Adda  Rajah's  possession  as  big  as  a  bushel;  and  he  valued  it  at  10,000  rupees  or 
1250Z.  sterling  "  This  was  at  the  Lacca  Diva  Islands,  forty  miles  from  the  Malabar 
coast. — New  Account  of  the  East  Indies,  1688  to  1730. 

It  has  a  grey-white  colour,  often  with  a  black  streak,  or  is  marbled  yellow  and  black  • 
«no  agreeable  smell,  a  fatty  taste,  is  lighter  than  water,  melts  at 

60  C.  (140^  F  ),  dissolves  readily  m  absolute  alcohol,  in  ether,  and  in  both  fat  and 
volatile  oils.  It  contams  851  of  the  fragrant  substance  called  ambreine.  This  is  ex- 
tracted from  ambergris  by  digestion  with  alcohol  of  0-827,  filtering  the  solution  and 
leaving  it  to  spontaneous  evaporation.  It  is  thus  obtained  in  the  form  of  delicate 
white  tufts,  which  are  convertible  into  ambreic  acid  by  the  action  of  nitric  acid 
Ambergris  is  used  in  perfumery.  ' 

,™^n''T'''^*'°'"r''*'°°°^  ambergris  is  represented  by  the  following  formula 
fVIf   ;  V  .T'"f/«>l>ergr.s  IS  very  rarely  met  with,  by  far  Ae  largest  proportion  of 
that  which  IS  sold  as  ambergris  bemg  a  preparation  scented  with  civet  or  musk 

In  France  the  duty  upon  ambergris  is  62  francs  per  killogramme  when  imported  in 
French  vessels,  and  67  francs  when  imported  in  foreign  vessels  '"'pouea  m 

Ambergris  is  at  this  time  (1858)  worth  16*.  an  ounce  in  England.    Mr.  Temnle  of 
Behze,  British  Honduras  speaks  of  an  odorous  substance  thrown  off  by  thraSor 
which  appears  to  resemble  ambergris.  ^  aiiigatoi, 

AMBREINE.  The  fragrant  substance  of  ambergris,  which  may  be  obtain^]  Tw 
d.gesting  ambergris  in  hot  alcohol,  from  which,  on  cooling,  uTs  deposUed  1„  ^ 

^A  MfTJv^t    Va  of  C  88-37,  H  13-32,  O  3-3lf  ^  '"^  " 

AMl!-iHyS>l.     {AmMijste  occidentale,  Fr.  ;  Eisenheisel  Gpt-m  ^     r\       o  , 
vitreous^varieties  of  quartz,  composed  of  puVe  silica  in  ttSolSate  -  tha^^^^ 
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will  not  dissolve  in  a  potash  solution.  It  belongs  to  the  rhombohedral  system,  and 
is  found  either  in  groups  of  crystals  or  lining  the  interior  of  geodes  and  pebbles.  It 
is  infusible  before  the  blowpipe,  and  is  not  atfected  by  acids.  It  is  of  a  clear  purple 
or  bluish-violet  tint ;  but  the  colour  is  frequently  irregularly  diffused,  and  gradually 
fades  into  white.  The  colour  is  supposed  to  be  due  to  the  presence  of  a  'small  per- 
centage of  manganese,  but  Heintz  attributes  it  to  a  compound  of  iron  and  soda.  The 
amethyst,  from  the  beauty  of  its  colour,  has  always  been  esteemed  and  used  in  jewel- 
lery. It  was  one  of  the  stones  called  by  the  ancients  afieevtrros,  a  name  which  they 
conferred  on  it  from  its  supposed  power  of  preserving  the  wearer  from  intoxication. 
The  most  beautiful  specimens  are  procured  from  India,  Ceylon,  and  Persia,  where 
they  occur  in  geodes  and  pebbles  :  it  is  also  found  at  Oberstein,  in  Saxony ;  in  the  Pala- 
tinate ;  in  Transylvania  ;  near  Cork,  and  in  the  Island  of  May,  in  Ireland. — H.  W.B. 

AMETHYST,  ORIENTAL.  {Amethyste  orientale,  Fr.  ;  Demanthspath,  Germ.) 
This  term  is  applied  to  those  varieties  of  corundum  which  are  of  a  violet  colour.  See 
CORDNDUM. — H.  'VV.B. 

AMIANTHUS  is  the  name  given  to  the  whiter  and  more  delicate  varieties  of 
asbestos,  which  possess  a  satin-like  lustre,  in  consequence  of  the  greater  separation  of 
the  fibres  of  which  they  are  composed.  A  variety  of  amianthus  (the  amianthoide  of 
Haiiy)  is  found  at  Oisans,  in  France,  the  fibres  of  which  are  in  some  degree  elastic. 
The  word  amianthus  (from  ajxiavros,  undefiled)  is  expressive  of  the  easy  manner  by 
which,  when  soiled,  it  may  be  cleansed  and  restored  to  its  original  purity,  by  being 
heated  to  redness  in  a  fire.    See  Asbestos. — H.  W.  B. 

AMIDE.  This  term  and  amidogen  are  applied  to  a  class  of  substances  which  con- 
tain ammonia  deprived  of  an  atom  of  hydrogen. 

AMIDINE.  A  name  given  to  the  soluble  portion  of  starch.  See  lire's  "  Dic- 
tionary of  Chemistry." 

AMIDON.    The  name  for  starch  on  the  Continent. 

AMMONIA.  NH',  egy.  17.  (Ammoniaque,  Ft.  ;  Ammoniak,  Germ.)  The  name 
given  to  the  alkaline  gas  which  is  the  volatile  alkali  of  the  early  chemists.  The  real 
origin  of  this  word  is  not  known.  Some  suppose  it  to  be  from  Ammon,  a  title  of 
Jupiter,  near  whose  temple  in  Upper  Egypt  it  was  generated.  Others  suppose  it  to 
be  from  Ammonia,  a  Cyrenaic  territory  ;  whilst  others  again  have  deduced  it  from 
&U.HOS,  sand,  as  it  was  found  in  sandy  ground.  . 

It  is  propable  that  Pliny  was  acquainted  with  the  pungent  smell  of  ammonia.  Dr. 
Black  in  1756,  first  isolated  it,  proving  the  distinction  between  it  and  its  carbonate, 
with  which  it  had  been  confounded  up  to  that  time  ;  and  it  was  soon  afterwards  more 
fully  investigated  by  Priestley.  .,..„.      .         ■  v  j- 

Ammonia  being  a  product,  not  only  of  the  destructive  distillation  of  organic  bodies 
containing  nitrogen,  but  also  of  their  decay,  it  exists  in  the  atmosphere,  m  a  large 
amount,  if  considered  in  the  aggregate,  although,  by  examining  any  particular  specimen 
of  air,  the  quantity  appears  small.  Nevertheless,  this  small  quantity  of  ammonia  would 
seem  to  be  exceedingly  important  in  developing  the  nitrogemsed  constituents  of  plants. 
Liebig  believes  that  the  nitrogen  of  plants  is  exclusively  derived  from  the  ammonia 
present  in  the  air ;  but  the  opmions  o-f  chemists  are  divided  on  this  pomt.  Boussin- 
eault*  supports  Liebig's  view,  but  it  is  opposed  by  Mulder  and  ViUc. 
^  From  the  air,  ammonia  and  its  salts  are  carried  down  by  the  rain  This  fact  has 
been  placed  beyond  all  doubt  by  Liebig  ;  and  even  the  variations  m  the  quantity  have 
been  determined  by  Boussingault,  and  more  recently  by  Mr.  Way  By  the  rain  water 
it  is  carried  into  rivers,  and  ultimately  into  the  sea,  in  which  choride  of  ammonuim 
has  been  detected  by  Dr.  Marcet.  It  has  likewise  been  detected  m  mineral  springs, 
psneeiallv  brine  springs,  and  even  in  common  salt.—  Vogel.  _  .  .  r 
^Ammonia  is  Dresent  in  the  exhalations  from  volcanoes.    During  the  eniption  of 

Ammonia  f  P/^f^"'.  „f       ammoniac  discharged  by  the  mountain  was  so 

f  ZtThe  neasants^cS^  hundredweights  (S.Wio/) ;  and  in  the  last 

great  tl^^Y^^  pf  f^'^^Jr^'^^^^^^^^  phenomenon  was  observed  ;  and,  according 

likewise  been  found  as  a  sublimate  ariBinfe  1  derived  from  the  destructive  dis- 

guano.    See  Guano.  ,.,,,,„ 
»  Annalos  do  Chimie  ot  de  Physique,  xlill.  149. 
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Fonnalion  o/ Ammonia—No  process  has  yet  been  devised  for  inducing  the  direct 
combination  of  nitrogen  and  hydrogen  to  produce  ammonia  ;  but  tinder  the  disposing 
inTuence  of  the  production  of  othef  compounds,  in  the  presence  of  these  elements,  as 
welrr^hen  these  gases  are  presented  to  each  other  in  the  nascent  state,  their  union 

SuTthen  electric  sparks  are  passed  through  a  mixture  of  nitrogen  and  oxygen 
in  the  presence  of  hydrogen  and  aqueous  vapour,  nitrate  of  ammonia  is  generated. 
If  while  zinc  is  being  dissolved  in  sulphuric  acid,  nitric  acid  be  added,  much  ammo- 
ni'a  is  formed  (Nesbit);  so  again,  if  hydrogen  and  binoxide  of  nitrogen  be  passed 
over  spongy  platinum,  torrents  of  ammonia  are  produced,  the  hydrogen  converting 
the  oxygen  of  the  binoxide  into  water,  when  the  nitrogen,  at  the  moment  of  its 
liberation,  combines  with  the  hydrogen  to  form  ammonia. 

It  has  even  been  proposed  to  carry  out  this  last  method  on  a  manufacturing  scale. 

Messrs.  Crane  and  Jullien,  in  their  patent  of  January  18,  1848,  describe  a  method 
of  manufacturing  ammonia  in  the  state  of  carbonate,  hydrocyanate,  or  free  ammonia, 
by  passing  any  of  the  oxygen  compounds  of  nitrogen,  together  with  any  compound 
of  hydrogen  and  carbon,  or  any  mixture  of  hydrogen  with  a  compound  of  carbon  or 
even  free  hydrogen,  through  a  tube  or  pipe  containing  any  catalytic  or  contact  sub- 
stance, as  follows  : —  Oxides  of  nitrogen  (such  for  instance  as  the  gases  liberated  in 
the  manufacture  of  oxalic  acid),  however  procured,  are  to  be  mixed  in  such  pro- 
portion with  any  compound  of  carbon  and  hydrogen,  or  such  mixture  of  hydrogen 
and  carbonic  oxide  or  acid  as  results  from  the  contact  of  the  vapour  of  water  with 
ignited  carbonaceous  matters,  and  the  hydrogen  compound  or  mixture  containing 
hydrogen  may  be  in  slight  excess,  so  as  to  ensure  the  conversion  of  the  whole  of  the 
nitrogen  contained  in  the  oxide  so  employed  into  either  ammonia  or  hydrocyanic 
acid,  which  may  be  known  by  the  absence  of  the  characteristic  red  fumes  on  allowing 
some  of  the  gaseous  matter  to  come  in  contact  with  atmospheric  air.  The  catalytic 
substance  which  Messrs.  Crane  and  Jullien  prefer  is  platinum,  which  may  be  in  the 
state  of  sponge,  or  it  may  be  asbestos  coated  with  platinum.  This  catalytic  substance 
is  to  be  placed  in  a  tube,  and  heated  to  about  600°  F.,  so  as  to  increase  the  tempera- 
ture of  the  product,  and  at  the  same  time  prevent  the  deposition  of  carbonate  of 
ammonia,  which  passes  onwards  into  a  vessel  of  the  description  well  known  and 
employed  for  the  purpose  of  condensing  carbonate  of  ammonia.  The  condenser  for 
this  purpose  must  be  furnished  with  a  safety  pipe,  to  allow  of  the  escape  of  uncon- 
densed  matter,  and  made  to  dip  into  a  solution  of  any  substance  capable  of  combining 
with  hydrocyanic  acid  or  ammonia  where  they  would  be  condensed.  A  solution  of 
salt  of  iron  is  preferable  for  this  purpose.  * 

Chemical  Characters. — The  gaseous  ammonia  liberated  from  its  salts  by  lime  (in  a 
manner  to  be  afterwards  described)  is  a  colourless  gas  of  a  peculiar  pungent  odour. 
It  is  composed,  by  weight,  of  1  equivalent  of  nitrogen  and  3  of  hydrogen  ;  or,  by 
volume,  of  2  measures  of  nitrogen  and  6  of  hydrogen,  condensed  to  four  ;  and  may  be 
resolved  into  these  constituent  gases  by  passing  over  spongy  platinum  heated  to 
redness.  By  a  pressure  of  6-5  atmospheres  at  50°  F.,  it  is  condensed  into  a  colourless 
liquid.  It  is  combustible,  but  less  so  than  hydrogen  on  account  of  the  incombustible 
nitrogen  which  it  contains  ;  but  its  inflammability  may  be  readily  seen  by  passing  it 
into  an  argand  gas  flame  reduced  to  a  minimum. 

Ammonia  is  very  soluble  in  water,  cold  water  absorbing  no  less  than  500  times  its 
volume  of  this  gas  ;  and  the  solution  has  a  less  density  and  a  lower  boiling  point  than 
pure  water.  The  following  Table  of  the  density  of  solutions  of  ammonia  in  water,  of 
diff'erent  strengths,  is  by  Dr.  Ure :— 


Ammonia 
in  100. 

Water  in  100. 

Specific  Gravity  by ! 
Experiment. 

Ammonia 
ID  100. 

Water  in  100. 

26-500 

73-500 

0-9000 

13-250 

86-750 

25-175 

74-825 

0-9045 

U-925 

88-075 

23-850 

76-150 

0-9090 

10-600 

19-400 

22-525 

77-475 

0-9133 

9-275 

90-725 

21-200 

78-800 

0-9177 

7-950 

92-050 

19-875 

80-125 

0-9227 

6-625 

93-375 

18-550 

81-450 

0-9275 

5-300 

94-700 

17-225 

82-775 

0-9320 

3-975 

96  025 

15-900 

84-iOO 

0-9363 

2-650 

97-350 

14-575 

85-425 

0-9410 

1-325 

98-675 

Specific  Gravity  by 
Experiment. 


0-9455 
0-9510 
0-9564 
0-9614 
0-9662 
0  9716 
0-9768 
0-9828 
0-9887 
0-9945 
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Upon  this  variation  in  density  of  solutions  of  ammonia  in  proportion  to  their 
strength,  Mr.  J.  J.  Griffin  has  constructed  a  useful  instrument  called  an  Ammonia-meter. 
It  is  founded  upon  the  following  facts: — That  mixtures  of  liquid  ammonia  with  water 
possess  a  specific  gravity  which  is  the  mean  of  the  specific  gravities  of  their  com- 
ponents ;  that  in  all  solutions  of  ammonia,  a  quantity  of  anhydrous  ammonia,  weigh- 
ing 212i  grains,  which  he  calls  a  test-atom,  displaces  300  grains  of  water,  and  reduces 
the  specific  gravity  of  the  solution  to  the  extent  of  "00125  ;  and,  finally,  that  the 
strongest  solution  of  ammonia  which  it  is  possible  to  prepare  at  the  temperature  of 
62°  F.  contains  in  an  imperial  gallon  of  solution  100  test-atoms  of  ammonia. 

We  extract  the  following  paragraph  from  Mr.  Griffin's  paper  in  the  Transactions 
of  the  Chemical  Society,  explanatory  of  the  accompanying  Table. 

"  The  first  column  shows  the  specific  gravity  of  the  solutions  ;  the  second  column  the 
weight  of  an  imperial  gallon  in  pounds  and  ounces;  the  third  column  iha per-centage 
of  ammonia  by  weight ;  the  fourth  column  the  degree  of  the  solution,  as  indicated  by 
the  instrument,  corresponding  with  the  number  of  test-atoms  of  ammonia  present  in  a 
gallon  of  the  liquor  ;  the  fifth  column  shows  the  number  of  grains  of  ammonia  con- 
tained in  a  gallon ;  and  the  sixth  column  the  atomic  volume  of  the  solution,  or  that 
measure  of  it  which  contains  one  test-atom  of  ammonia.  For  instance,  one  gallon  of 
liquid  ammonia,  specific  gravity  880,  weighs  8  lbs.  128  oz.  avoirdupois ;  its  per- 
centage of  ammonia,  by  weight,  is  33'1 17 ;  it  contains  96  test-atoms  of  ammonia  in  one 
gallon,  and  20400'0  grains  of  ammonia  in  one  gallon;  and,  lastly,  104-16  septems 
containing  one  test-atom  of  ammonia.  Although  no  hydrometer,  however  accurately 
constructed,  is  at  all  equal  to  the  Centigrade  mode  of  chemical  testing,  yet  the  Ammo- 
nia-meter, and  the  Table  accompanying  it,  will  be  found  very  useful  to  the  manu- 
facturer, enabling  him  not  only  to  determine  the  actual  strength  of  any  given  liquor; 
but  the  precise  amount  of  dilution  necessary  to  convert  it  into  a  liquor  of  any  other 
desired  strength,  whilst  the  direct  quotation  of  the  number  of  grains  of  real  ammonia 
contained  in  a  gallon  of  solution  of  any  specific  gravity  will  enable  him  to  judge  at  a 
glance'  of  the  money- value  of  any  given  sample  of  ammonia. 

Table  of  Liquid  Ammonia  (Griffin). 
One  Test-Atom  of  Anhydrous  Ammonia  =  NH'  weighs  212-5  grains. 
Specific  Gravity  of  Water  =  1-00000.    One  GaUon  of  Water  weighs  10  lbs.  and  con- 
tains  10,000  Septems.    Temperature  62°  F. 


Specific  Gravity 
of  the  Liquid 
Ammonia. 

Weight  of  an 
Imperial  Gallon  in 
Avoirdupois  lbs. 
and  ozs. 

Per-centage  of 
Amraouia  by 
Weight. 

Test-atoms 
ofAmraonia 
in  one 
Gallon. 

Grains  of 
Ammonia  in  one 
Gallon. 

Sfiptems 
containing  one 
Test-atom  of 
Ammonia. 

-87500 
-87625 
-87750 
-87875 
-88000 
•88125 
-88250 
-88375 
-885&0 
-88625 
-88750 
-88875 
•89000 
•89125 
•89250 
•89375 
•89500 
•89625 
•89750 
•89875 

•goooo 

'  -90125 
-90250 
•90375 
•90500 
•90625 

lb.  oz. 
8  12-0 
8  12.2 
8  12-4 
8  12^6 
8  12^8 
8  13-0 
8  13-2 
8  13-4 
8  13-6 
8  13-8 
8  14-0 
8  14-2 
8  14-4 
8  14-6 
8  14-8 
8  15-0 
8  15-2 
8  15-4 
8  15-6 

8  15.8 

9  00 
9  0-2 
9  0-4 
9  0-6 
9  0-8 
9  1-0 

34^694 

34^298 

33-903 

33-509 

33-117  f| 

32-725 

32-335 

31-946 

31-558 

31-172 

30-785 

30-400 

30-016 

29-633 

29-252 

28-871 

28-492 

28-113 

27-736 

27-359 

26-984  > 

26-610 

26-237 

25-865 

25-493 

25-123 

100 
99 
98 
97 
.  96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
70 

21250-9 

21037-5 

20825-0 

20612-5 

20400-0 

20187-5 

19975-0 

19762-5 

19550-0 

19337-5 

19125-0 

18912-5 

18700-0 

18487-5 

18275-0 

18062-5 

17850-0 

17637-5 

17425-0 

17212-5 

170000 

16787  5 

16575-0 

16362-5 

16150-0 

15937-5 

100-  00 

101-  01 

102-  04 

103-  09 

104-  16 

105-  26 

106-  38 

107-  53 

108-  70 

109-  89 

111-  11 

112-  36 

113-  64 

114-  94 

116-  28 

117-  65 

119-  05 

120-  48 

121-  95 
123-46 

125-  00 

126-  58 

128-  21 

129-  87 
131-58 
133-33 
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Table  of  Liquid  Ammonia  (continued). 


of  the  Liquid 
Ammonia. 

Weight  of  an 
Imperial  Gallon  in 
Avoirdupois  lbs. 
and  ozs. 

Per-centage  of 
Ammonia  by 
Weight. 

Test-atoms 
of  Ammonia 
in  one 
Gallon. 

Grains  of 
Ammonia  in  one 

udilUll. 

Septems 
containing  one 
Test-atom  of 
Ammonia. 

•90750 

lb. 

9 

oz. 
1.2 

24^754 

74 

15725-0 

135^13 

•90875 

9 

1^4 

24^386 

73 

15512-5 

136^98 

•91000 

9 

1^6 

24^019 

72 

15300^0 

138^99 

•91125 

9 

1^8 

23-653 

71 

15087-5 

140-85 

•91250 

9 

2^0 

23-288 

70 

14875^0 

142-86 

•91375 

9 

2-2 

22-924 

69 

14662-5 

144-93 

•91500 

9 

2.4 

22^561 

68 

14450-0 

147-06 

•91625 

9 

2'6 

22-198 

67 

14237-5 

149-25 

•91750 

9 

2^8 

21^837 

66 

14025-0 

151-51 

•91875 

9 

3^0 

21^477 

65 

13812-5 

153-85 

•92000 

9 

3^2 

2M18 

64 

13600^0 

156-25 

•92125 

9 

3^4 

20'760 

63 

13387^5 

158-73 

•92250 

9 

3^6 

20^403 

62 

13175^0 

161-29 

•92375 

9 

3^8 

20^046 

61 

12962^5 

163-93 

•92500 

9 

4^0 

19-691 

60 

12750^0 

166-67 

•92625 

9 

4-2 

19-337 

59 

12537-5 

169*49 

•92750 

9 

4.4 

18-983 

58 

12325^0 

172*41 

•92875 

9 

4^6 

18-631 

57 

12112-5 

175^44 

•93000 

9 

4^8 

18-280 

56 

11900-0 

178^57 

•93125 

9 

5^0 

17^929 

55 

11687-5 

181^82 

•93250 

9 

5^2 

17^579 

54 

11475-0 

185-18 

•93375 

9 

5^4 

17-231 

53 

11262-5 

188-68 

•93500 

9 

5^6 

16^883 

52 

11050-0 

192-31 

•93625 

9 

5^8 

16^536 

51 

10837^5 

196-08 

"93750 

9 

6^0 

16-190 

50 

10625^0 

200-00 

•93875 

9 

6^2 

15^846 

49 

10412^5 

204-08 

•94000 

9 

6^4 

15^502 

48 

10200^0 

208-33 

•94125 

9 

6^6 

15^158 

47 

9987^5 

212-77 

•94250 

9 

6"8 

14^816 

46 

9775^0 

217-39 

•94375 

9 

7^0 

14^475 

45 

9562^5 

222-22 

•94500 

9 

7^2 

14^135 

44 

9350-0 

227-27 

•94625 

9 

7  4 

13^795 

43 

9137-5 

232^56 

•94750 

9 

7  6 

13^456 

42 

8925-0 

238^09 

•94875 

9 

7  8 

13^119 

41 

8712-5 

243-90 

•95000 

9 

Q.A 

1 2^782 

40 

8500-0 

250^00 

•95125 

9 

0.0 

12^446 

39 

3287-5 

256-41 

•95250 

9 

0  4 

12^111 

38 

8075-0 

263-16 

•94375 

Q 

9 

0  b 

11^777 

37 

7862-5 

270-27 

•95500 

9 

O.D 

00 

1V444 

36 

7650-0 

277-78 

•95625 

9 

9^0 

11111 

35 

7437-5 

285-71 

•95750 

9 

9-2 

10^780 

34 

7225-0 

294-12 

•95875 

9 

9^4 

10^4490 

33 

7012-5 

303-03 

•96000 

9 

9^6 

10^1190 

32 

6800-0 

312-50 

•96125 

9 

9^8 

9^7901 

31 

6587-5 

322-58 

•96250 

9 

10"0 

9^4620 

30 

6375-0 

333-33 

•96375 

9 

10^2 

9^1347 

29 

6162-5 

344-83 

•96500 

9 

10'4 

8^8083 

28 

5950-0 

357-14 

•96625 

9 

10^6 

8-4827 

27 

5737-5 

070-37 

•96750 

9 

10'8 

8^1580 

26 

5525-0 

384-62 

•96875 

9 

IVO 

7  •8341 

25 

5312-5 

400-00 

•97000 

9 

11^2 

7^5111 

24 

5100^0 

416-67 

•97125 

9 

1V4 

7^1888 

23 

4887^5 

434-78 

•97250 

9 

11^6 

6^8674 

22 

4675-0 

454-54 

•97375 

9 

11-8 

6^5469 

21 

4462^5 

476-19 

•97500 

9 

12^0 

Oft 

A  n  r.f\if\ 
4zoU  U 

500-00 

•97625 

9 

12^2 

5-9082 

19 

4037^5 

526-32 

•97750 

9 

12^4 

5-5901 

18 

3825^0 

555-56 

•97875 

9 

12'6 

5-2728 

17 

3612^5 

588-24 

•98000 

9 

12-8 

4-9563 

16 

3400^0 

625-00 

1  ^98125 

9 

13^0 

4-6406 

15 

3187^5 

1  666-67 
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Table  of  Liquid  Ammonia  (continued). 


Specliic  Gravity 
of  the  Liquid 
Ammonia. 

Weiglit  of  an 
Imperial  Oailon  in 
Avoirdupois  lbs> 
and  ozs. 
< 

Por-centage  of 
Ammonia  by 
Weiglit. 

Test- atoms 
ofAmmonia 

Gallon. 

urains  oi 
Ammonia  in  one 
Gallon. 

 _ 

Septems 
containing  one 
Test-atom  of 
Ammonia. 

lb.  oz. 

•98250 

9  13-2 

4^3255 

14 

2975-0 

714*29 

•98375 

9  13-4 

4-OlU 

13 

2762-5 

769-23 

•98500 

9  13-6 

3-6983 

12 

2550-0 

833*33 

•98625 

9  13-8 

3-3858 

11 

2337-5 

909-09 

•98750 

9  14-0 

3-0741 

10 

2125-0 

1000-00 

•98875 

9  14^2 

2-7632 

9 

1912-5 

111  i-io 

•99000 

9  14^4 

2-4531 

8 

1700-0 

1250-00 

•99125 

9  14-6 

2-1438 

7 

1487-5 

1428-60 

"99250 

9  14"8 

1-8352 

6 

1275-0 

1666-70 

•99375 

9  15-0 

1-3274 

5 

1062-5 

2000-00 

•99500 

9  15'2 

1-2204 

4 

O'JKJ  \J 

A'JUU  uu 

•99625 

9  15-4 

0-9141 

3 

637-5 

3333-30 

•99750 

9  15-6 

0-6087 

2 

425-0 

5000-00 

•99875 

9  15'8 

0-3040 

1 

212-5 

10000-00 

1^0000 

10  lbs.  Water. 

0 

Ammoniacal  gas  combines  directly  -with,  hydrated  acids,  forming  a  series  of  salts,  the 
constitution  of  -which  is  peculiar,  and  must  be  here  briefly  discussed,  that  the  formula 
hereafter  employed  in  describing  them  may  be  understood. 

These  compounds  may  be  viewed  as  direct  combinations  of  the  ammonia  with  the 
hydrated  acids ;  thus,  the  compound  -with 


Hydrochloric  acid    as  the 
Hydrosulphuric  acid  „ 
Sulphuric  acid  „ 
Nitric  acid  „ 
Carbonic  acid  „ 


-  Hydrochlorate  (NH',  HCl). 

-  Hydrosulphate  (NH^,  HS). 

-  Hydrated  sulphate  (NH^ ;  HO,  SO^). 

-  Hydrated  nitrate  (NH';  HO,  NO^. 

-  Hydrated  carbonate  (NH^;  HO,  CO'). 


But  the  close  analogy  of  these  compounds,  in  all  their  properties,  to  the  correspond- 
ing salts  of  potash  and  soda  has  led  chemists  to  the  assumption  of  the  existence  of  a 
group  of  elements  possessing  the  characters  of  a  metal,  of  a  basyl  or  hypothetical 
metallic  radical,  called  ammoniimi  (NH''),  in  these  salts  ;  which  theory  of  their  con- 
stitution brings  out  the  resemblance  to  the  potash  and  soda  salts  more  clearly,  thus ; — 


The  chloride 


of  potassium 
sulphide 
sulphate  of  potassa 
nitrate  „ 
carbonate  „ 


contams 


And  the  chloride 

-  KCl.  of  ammonium  contains  -  NH^CI. 

-  KS.  —  sulphide  „       -  NH^S. 

-  KO,  SO'     —  sulphate  of  ammonia  -  NH'O,  SO' 

-  KO,  NO*    —  nitrate  „       -  NH^O.NO' 

-  KO,  CO'    —  carbonate         „       -  Nff  O,  C0= 


Although  it  may  be  objected  to  this  view  that  the  metal  ammonitmi  is  not  known, 
yet  a  curious  metallic  compound  of  this  metal  with  mercury  has  been  obtained  ;  and, 
after  all,  it  is  by  no  means  necessary  that  the  metal  should  be  isolated,  for  ah-eady  the 
existence  of  numerous  basic  radicals  has  been  assumed  in  organic  chemistry  which 
have  never  been  isolated. 

It  is  true,  also,  that  the  oxide  of  ammonium  is  unknown,  but  substitution-products  of 
it  have  been  produced,  which  are  solid  bodies,  soluble  in  water,  exhibiting  all  the 
characters  of  potash  solution,  being  as  powerfully  caustic  and  alkaline.  In  fact, 
ammonia  is  in  reality  but  the  type  of  a  vast  number  of  compounds.  It  is  capable  of 
having  its  hydrogen  replaced  by  metals  (as  copper,  mercury,  calcium,  &c.),  as  well 
as  by  metallic  or  basic  compound  radicals,  producing  the  endless  number  of  artificial 
organic  bases,  which  are  primary,  secondary,  or  tertiary  nitrides,  according  as  one, 
two,  or  three  equivalents  of  the  ammonia  is  replaced.  When  the  substitution  of  the 
hydrogen  in  ammonia  is  effected  by  acid  radicals,  the  compounds  are  called  amides. 

Preparation  of  Ammonia.  —  Ammonia,  is  obtained  by  the  decomposition  of  one  of 
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the  salts  of  ammonia,  either  the  chloride  of  ammonium,  NH  '  CI  (sal  ammoniec),  cr  the 
sulphate,  by  a  metallic  oxide,  e.  g.  lime. 

NH^Cl  +  CaO,  HO  =  CaCl  +  Nff  +  2HO. 
On  the  small  scale  in  the  laboratory  the  powdered  ammoniacal  salt  is  mixed  with 
slaked  lime,  in  a  Florence  flask  or  a  small  iron  retort,  and  gently  heated ;  the  ani- 
moniacal  gas  being  dried  by  passing  it  through  a  bottle  containmg  lime  Chloride  of 
Calcium  m^ust  not  be  employed  in  the  desiccation  of  ammonia,  smce  the  ammonia  is 
absorbed  by  this  salt,  producing  a  curious  compound,  the  chloride  of  caliammo- 
nium,  n|^^|  CI,  bemg,  in  fact,  one  of  those  sabstitution-compounds  before  al- 
luded to.  J.    J!  1  U-Vt 

The  gaseous  ammonia  must  be  collected  over  mercury,  on  accoxmt  ot  its  soiuDiiity 
in  water.  , 

This  operation  is  carried  out  on  the.  large  scale  for  the  purpose  oi  making  me 
aqueous  solution  of  ammonia  {liquor  amvionia,  or  spirits  of  hartshorn  ). 

Solution  of  Ammonia. 

Preparation.  —  In  preparing  the  aqueous  solution,  the  gas  is  passed  into  water  con- 
tained in  Woolfe's  bottles,  which  on  the  small  scale  are  of  glass,  whilst  on  the  large 
scale  they  are  made  of  earthenware. 

A  sufficiently  capacious  retort  of  iron  or  lead  should  be  employed,  which  is  provided 
with  a  movable  neck  ;  and  it  is  desirable  to  pass  the  gas  through  a  worm,  to  cool  it, 
before  it  enters  the  first  "Woolfe's  bottle.  Each  of  the  series  of  Woolfe's  bottles  should 
be  furnished  with  a  safety-funnel  in  the  third  neck,  to  avoid  accidents  by  absorption. 
The  whole  of  the  condensing  arrangements  should  be  kept  cool  by  ice  or  cold  water. 

Properties.  —  In  the  London  and  in  the  Edinburgh  "Pharmacopoeia"  two  solutions 
of  ammonia  are  directed  to  be  prepared,  the  stronger  having  the  specific  gravity 
0-882,  and  containing  aboul  30  per  cent,  of  ammonia ;  the  weaker  of  specific  gravity 
0-960,  containing,  therefore,  about  10  per  cent,  of  the  gas. 

Sometimes  the  commercial  solution  of  ammonia  is  made  by  treating  impure  ammo- 
niacal salts  with  lime,  and  it  then  contains  empyreumatic  oils  ;  in  fact,  the  various 
volatile  products  of  the  distillation  of  coal  which  are  soluble  in  or  miscible  with  water. 

Pyrrol  may  be  detected  in  ammonia  by  the  purple  colour  which  it  strikes  with  an 
excess  of  nitric  or  sulphuric  acid.  If  the  residue  of  its  distillation  be  mixed  with 
potash,  Picoline  is  detected  by  its  peculiar  odour.  Naphthaline  is  discovered  not 
only  by  its  odour,  but  may  also  be  separated  by  sublimation  or  heating,  after  con- 
verting the  ammonia  in  the  solution  into  a  salt  by  sulphuric  or  hydrochloric  acid. — 
Dr.  Maclogan. 

We  imported  into  England  of  sulphate  and  liquor  of  ammonia  as  follows  :  — 

Ammonia,  sulphate  of     -       -    1856    -       -    lbs.  23.904 
„         „  -       -    1855    -       -  343,609 

Ammonia,  liquor  -       -    1855    -       -  22,400 

Since,  for  the  purpose  of  purification  on  the  large  scale,  ammonia  is  invariably 
converted  into  chloride  or  sulphate,  the  details  of  the  manufacture  of  the  ammo- 
niacal salts  will  be  given  under  those  heads.    For  the  determination  of  ammonia,  see 

NlTBOCTEN. — H.  M.  W. 

AMMONIA,  CARBONATE  OF.  {The  sesqxiicarbonate  of  commerce,  2NH', 
3C0«,  2H0  =  Nff  0,C0^  HO,  CO' +  NH»  CO',  eqv.  118.)    This  salt  was  probably 
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known  to  Raymond  Lully  and  Basil  Valentine,  as  the  chief  constituent  of  putrid 
urme.  The  real  distinction  between  ammonia  and  its  carbonate  was  pointed  out  bv 
Dr.  Black. 

Carbonate  of  ammonia  is  formed  during  the  putrefaction  of  animal  substances,  and 
by  their  destructive  distillation.   Its  presence  in  rain  water  has  been  before  alluded  to. 

Tho  carbonate  of  ammonia  of  commerce  is  obtained  by  submitting  to  sublimation 
a  mixture  either  of  sal  ammoniac  or  sulphate  of  ammonia  -with  chalk. 

This  is  generally  carried  out  in  cast-iron  retorts,  similar  in  size  and  shape  to  those 
used  in  the  manufacture  of  coal  gas.  The  retorts  are  charged  through  a  door  at  one 
end,  and  at  the  other  they  communicate  with  large  square  leaden  chambers,  supported 
by  a  wooden  frame,  in  which  the  sublimed  salt  is  condensed.     Fig.  36,  p.  135. 

The  product  of  this  first  process  is  impure,  being  especially  discoloured  by  the 
presence  of  carbonaceous  matter,  and  has  to  be  submitted  to  resublimation.  This  is 
carried  out  in  iron  pots  surmounted  by  movable  leaden  caps.    These  pots  are  either  set 
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in  brickwork,  and  heated  by  the  flue  of  the  retort  furnace,  or  are  placed  in  a  water- 
bath,  as  shown  in  fig.  37.  In  fact,  a  temperature  not  exceeding  1 50°  F.  is  found 
sufficient. 

The  charge  of  a  retort  consists  usually  of  about  65  lbs.  of  sulphate  of  ammonia  (or 
an  equivalent  quantity  of  the  chloride)  to  100  lbs.  of  chalk,  which  yield  about  40  lbs. 
of  crude  carbonate  of  ammonia. 

Modifications  of  the  Process. —  Mr.  Laming  has  suggested  to  bring  ammonia  and 
carbonic  acid  gases  into  mutual  contact  in  a  leaden  chamber  having  at  the  lower  part 
a  layer  of  water,  and  then  to  crystallise  the  salt  by  evaporating  this  aqueous  solution. 

He  also  proposes  to  prepare  carbonate  of  ammonia  from  the  sulphide  of  ammonium 
of  gas  liquors,  by  passing  carbonic  acid  gas  into  the  liquor,  which  carbonic  gas  is 
generated  by  heating  a  mixture  of  oxide  of  copper  and  charcoal,  in  the  proportion  of 
twelve  parts  of  the  former  to  one  of  the  latter. 

Mr.  Hill  has  described  his  mode  of  obtaining  sesquicarbonate  of  ammonia  from 
guano.  To  effect  this,  the  guano  is  first  mixed  with  charcoal  or  powdered  coke  ;  the 
mixture  is  then  heated,  and  the  sesquicarbonate  of  ammonia  obtained  by  sublimation. 
The  process  does  not  appear  to  be  much  employed. 

Manufacture  of  Ammonia  from  Peat  and  Sliale. — Mr.  Hills,  in  his  patent  of  August 
11th,  1846,  specified  the  following  method  of  obtaining  ammonia  from  peat.  The 
peat  is  placed  in  an  upright  furnace  and  ignited ;  the  air  passes  through  the  bars  as 
usual,  and  the  ammonia  is  collected  by  passing  the  products  of  combustion  through  a 
suitable  arrangement  of  apparatus  to  effect  its  condensation.  This  plan  of  obtaining 
ammonia  from  peat  appears  to  be  precisely  similar  to  that  patented  by  Mr.  Rees  Reece 
(January  23rd,  1849),  and  made  to  form  an  important  feature  in  the  operations  of  the 
British  and  Irish  Peat  Company.  The  first  part  of  Mr.  Reece's  patent  is  for  an  in- 
vention for  causing  peat  to  be  burned  in  a  furnace  by  the  aid  of  a  blast,  so  as  to  obtain 
inflammable  gases  and  tarry  and  other  products  from  peat.  For  this  purpose,  a  blast 
furnace  with  suitable  condensing  apparatus  is  used.  The  gases,  on  their  exit  from  the 
condensing  apparatus,  may  be  collected  for  use  as  fuel  or  otherwise  ;  and  the  tarry  and 
other  products  pass  into  a  suitable  receiver.  The  tarry  products  may  be  employed  to 
obtain  parafiine  and  oils  for  lubricating  machinery,  &c.;  and  the  other  products  may 
be  made  available  for  evolving  ammonia,  wood  spirit,  and  other  matters  by  any  ot  the 
existing  processes.  Dr.  Hodges,  of  Belfast,  states  that  in  his  experiments  lie  obtained 
nearly  2251bs.  of  sulphate  of  ammonia  from  a  ton  of  peat.    Sir  Robert  Kane,  who 
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was  employed  by  Government  to  institute  a  series  of  experimental  researches  on  the 
products  obtainable  from  peat,  states  that  he  obtained  sulphate  of  ammonia  at  the  rate 
of  24Albs.  per  ton  of  peat.  Messrs.  Drew  and  Stocken  patented,  in  1846,  the  obtain- 
ing ammonia  from  peat  by  distillation  in  close  vessels,  as  practised  m  the  carbonisation 
of  wood.  It  will  thus  be  seen  that  the  peat  is  a  source  of  ammonia,  but  that  this 
source  is  a  profitable  or  economical  one,  in  a  commercial  point  of  view,  is  a  problem 
in  process  of  solution. 

Ammonia  from  Schist.  —  Another  source  of  ammonia  is  bituminous  schist,  which, 
when  submitted  to  destructive  distillation,  gives  off  an  ammoniacal  liquor  which  may 
be  employed  in  the  manufacture  of  ammoniacal  salts  by  any  of  the  usual  processes. 
The  obtaining  of  ammonia  from  schist  forms  part  of  a  patent  granted  to  Count  de 
Hompesch,  September  4,  1841. 

Chemical  Composition  and  Constitution. — The  true  neutral  carbonate  of  ammonia 
(NH'O,  CO-)  does  not  appear  to  exist.  The  sesquicarbonate  of  ammonia  of  the 
shops  was  found  by  Rose  to  have  the  composition  assigned  to  it  by  Mr.  Philips,  i.  e. 
it  contains  2NH^  3CO-,  2H0  ;  and  it  may  therefore  be  viewed  as  a  compound  of  the 
true  bicarbonate  (z.  e.  the  double  carbonate  of  ammonia  and  water),  NH^O,  CO^  ; 
HO,  C0^  with  a  peculiar  compound  of  anhydrous  carbonic  acid  with  ammonia 
itself  (Nff,  COO- 

The  equation  representing  its  method  of  preparation  will  then  be, 

3NH<0,SO'  +  3CaO,CO^  =  (NffO,CO= ;  HO,CO-+  NH\CO«)  +  NH^O  +  3CaO,SO= 
or    SNff  CI  +  3CaO,CO'=(NH^O,CO^HO,CO=  +  NH',CO=  +  NH^O)  +  3CaCI, 

for  it  is  invariably  found  that  a  certain  quantity  of  water  and  ammonia  are  liberated 
during  the  distillation,  and  hence  the  anomalous  chai'acter  of  the  compound.  In  fact, 
in  operating  upon  3  equivalents  of  the  sulphate  or  chloride  of  the  3  equivalents  of  the 
true  carbonate  of  ammonia  (NH*  O,  CO^)  which  may  be  supposed  to  be  generated, 
two  are  decomposed,  one  losing  an  equivalent  of  ammonia,  the  other  an  equivalent  of 
water  ;  of  course,  the  ammonia  thus  liberated  is  not  lost ;  it  is  passed  into  water  to  be 
saturated  with  acid,  and  thus  again  converted  into  sulphate  or  chloride. 

Properties. —  Sesquicarbonate  of  ammonia  (as  it  is  commonly  called)  is  met  with 
in  commerce  in  the  form  of  fibrous  white  translucent  cakes,  about  two  inches  thick. 

When  exposed  to  the  air  the  constituents  of  the  less  stable  compound  Nff,  CO^  are 
volatilised,  and  a  white  opaque  mass  of  the  true  bicarbonate  remains.  Hence  the 
odour  of  ammonia  always  emitted  by  the  commercial  carbonate.  Mr.  Scanlan  has 
also  shown  that  by  treatment  with  a  small  quantity  of  water,  the  carbonate  is  dissolved, 
leaving  the  bicarbonate.  It  is  soluble  in  four  times  its  weight  of  cold  water,  but 
boiling  water  decomposes  it. 

Impurities. — The  commercial  salt  is  sometimes  contaminated  with  empyreumatic 
oil,  which  is  recognised  by  its  yielding  a  brownish  coloured  solution  on  treatment 
with  water. 

It  may  contain  sulphate  and  chloride  of  ammonium.  For  the  recognition  of  the 
presence  of  these  acids,  see  Sulphitric  and  Hydrochloric  Acids. 

Sulphide  and  hyposulphite  of  ammonia  are  sometimes  present,  and  likewise  lead, 
from  the  chambers  into  which  the  salt  has  been  sublimed. 

Other  Carbonates  of  Ammonia. — Besides  the  neutral  or  monocarbonate  of  ammonia 
before  alluded  to,  the  true  bicarbonate  (NH^O,  CO*;  HO,  CO')  and  the  sesquicarbonate 
of  the  shops.  Rose  has  described  about  a  dozen  other  definite  compounds ;  but,  for 
their  description,  we  must  refer  to  lire's  "Dictionary  of  Chemistry." 

AMMONIACUM,  GUM.  Gum-resin.  (Gomme  Ammoniaque,  Fr.;  Ammoniak, 
Germ.)  This  is  the  inspissated  juice  of  an  umbelliferous  plant  (the  dorema  armeniacum), 
the  gum-bearing  heracleum,  which  grows  in  Persia,  the  East  Indies,  and  Africa.  In 
the  French  colony  of  Algiers  this  plant  grows  naturally,  and  it  appears  likely  to 
become  an  object  of  cultivation.  It  comes  to  us  either  in  small  white  tears  clustered 
together,  or  in  brownish  lumps,  containing  many  impurities.  It  possesses  a  peculiar 
smell,  somewhat  like  that  of  assafoetida,  and  a  bitterish  taste.  It  is  employed  in 
medicine.  Its  only  use  in  the  arts  is  for  forming  a  cement  to  join  broken  pieces  of 
china  and  glass,  which  may  be  prepared  as  follows :  Take  isinglass  1  ounce,  distilled 
water  6  ounces,  boil  together  down  to  3  ounces,  and  add  1^  ounce  of  strong  spirit  of 
wine ;  —  boil  this  mixture  for  a  minute  or  two  ;  strain  it ;  add,  while  hot,  first,  half 
an  ounce  of  milky  emulsion  of  gum  ammoniac,  and  then  5  drachms  of  an  alcoholic 
solution  of  resin  mastic. 

AMMONIA,  NITRATE  OF.— This  salt  is  not  made  on  an  extensive  scale  ;  but 
as  It  has  a  certain  consumption  for  making  the  protoxide  of  nitrogen  (lau'^hing 
gas),  a  few  remarks  respecting  it  may  not  be  out  of  place  here.  ° 

It  is  obtained  by  saturating  solution  of  ammonia,  or  the  carbonate,  with  nitric  acid, 
and  then  evaporating  the  solution  till  crystallisation  takes  place. 
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This  salt  crystallises  in  six-sided  prisms,  being  isomorphous  with  nitrate  of  potash. 

Its  composition  is  NIFO,  NO'.  It  is  incapable  of  existing  without  the  presence  ol 
an  equivalent  of  water,  in  addition  to  NH'  and  NO^  If  heat  be  applied,  the  salt  is 
entirely  decomposed  into  protoxide  of  nitrogen  and  water  ;  thus — 

NH*0,  NO''  =  2N0  +  4H0. 

Besides  its  use  in  the  labatory  for  making  protoxide  of  nitrogen,  it  is  a  constituent 
of  frigorific  mixtures,  on  account  of  the  cold  which  it,  produces  on  dissolving  in 
water. 

Lastly,  it  is  very  convenient  for  promoting  the  deflagration  of  organic  bodies,  botli 
its  constituents  being  volatile  on  heating. 

AMMONIA,  SULPHATE  OF.  (NH^O,  SO')  This  salt  is  found  native  in  fissures 
near  volcanoes,  under  the  name  of  mossagnine,  associated  with  sal  ammoniac.  It  also 
forms  in  ignited  coal -beds — as  at  Bradley,  in  Stafibrdshire — with  chloride  of  ammonium. 

This  salt  is  prepared  by  saturating  the  solution  of  ammonia,  obtained  by  any  of  the 
processes  before  described  (either  from  animal  refuse,  from  coal,  in  the  manufacture 
of  coal-gas,  from  guano,  or  from  any  other  source),  with  sulphuric  acid,  and  then 
evaporating  the  solution  till  the  salt  crystallises  out. 

Frequently,  instead  of  adding  the  acid  to  the  ammoniacal  liquor,  the  crude  ammo- 
niacal  liquor  is  distilled  in  a  boiler,  either  alone  or  with  lime,  and  the  evolved  ammo- 
nia is  passed  into  the  sulphuric  acid,  contained  in  a  large  tun  or  in  a  series  of 
Woolfe's  bottles ;  or  a  modification  of  Coffey's  still  may  be  used  with  advantage,  as 
in  the  case  of  the  saturation  of  hydrochloric  acid  by  ammonia. 

If  Coffey's  still  be  employed,  a  considerable  concentration  of  the  liquor  is  effected 
during  the  process  of  saturation,  which  is  subsequently  completed  generally  in  iron 
pans ;  but  great  care  has  to  be  taken  not  to  carry  the  evaporation  too  far,  to  avoid 
decomposition  of  the  sulphate  by  the  organic  matter  invariably  present,  which  reduces 
it  to  the  state  of  sulphite,  hyposulphite,  and  even  to  sulphide,  of  ammonium. 

The  salt  obtained  by  this  first  crystallisation  is  much  purer  than  the  chloride  pro- 
duced under  similar  circumstances,  and  one  or  two  re-crystallisations  effect  its  puri- 
fication sufficiently  for  all  commercial  purposes. 

It  is  on  account  of  the  greater  facility  of  purification  which  the  sulphate  affords 
by  crystallisation  than  the  chloride  of  ammonium,  that  the  former  is  often  produced 
as  a  preliminary  stage  in  the  manufacture  of  the  latter  compound,  the  purified 
sulphate  being  then  converted  into  sal  ammoniac  by  sublimation  with  common  salt. 
The  acid  mother-liquor  left  in  the  first  crystallisation  is  returned  to  be  again  treated, 
together  with  some  additional  acid,  with  a  fresh  quantity  of  ammonia. 

Preparation.  Modifications  in  details  and  patents.  —  Since  it  is  in  the  production  of 
the  sulphate  of  ammonia  that  the  modification  of  Coffey's  still,  called  the  ammoma 
still,  is  generally  employed,  it  may  be  weU  to  introduced  here  a  detailed  account  of  its 
arrangement.  .        ,  , 

This  apparatus  is  an  upright  vessel,  divided  by  horizontal  diaphragms  or  partitions 
into  a  number  of  chambers.  It  is  proposed  to  construct  the  vessel  of  wood,  lined 
with  lead,  and  the  diaphragms  of  sheet  iron.  Each  diaphragm  is  perforated  with 
many  small  holes,  so  regulated,  both  with  regard  to  number  and  size,  as  to  aflord 
under  some  pressure,  passage  for  the  elastic  vapours  which  ascend,  during  the  use  ot 
the  apparatus,  to  make  their  exit  by  a  pipe  opening  from  the  upper  chamber.  1- itted 
to  each  diaphragm  are  several  small  valves,  so  weighted  as  to  rise  whenever  elastic 
vapours  accumulate  under  them  in  such  quantity  as  to  exert  more  than  a  certain 
amount  of  pressure  on  the  diaphragm.  A  pipe  also  is  attached  to  each  diaphragm 
passing  from  about  an  inch  above  its  upper  surface  to  near  the  bottom  of  a  cup  or 
small  reservoir,  fixed  to  the  upper  surface  of  the  diaphragms  next  underneath  Phis 
Tpe  is  suffidently  large  to  transmit  freely  downwards  the  whole  of  the  liquid  which 

and  from  this  cistern  it  may  be  run  off,  by  a  valve  or  cock  -'^^X^' rfTnte  wS 
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prevented,  by  the  traps,  from  passing  upwards  ^^^^^^^^ZT^r^l 

firuM  VcTumularol^ne  of  'the  diaphragms  to  the  ^epj  f  an  inch,  x  flows  o^r 
one  of  the  short  pipes  into  the  trap  below,  and  overflows  into  the  next  diaphragm, 

'"'Xh:  ZJi^n^^^^l^rZ^r^ins  varies  in  some  measure  with  the  form  in  which 
it  is  desirablf  to  obtain  the  ammonia.  When  the  ammonia  is  required  to  leave  he 
upper  chamber  in  the  form  of  gas,  either  pure  or  impure,  it  ''^''^'f'yj^^^/ll 
steam  which  ascends  and  the  current  of  ammomacal  liquid  which  descends,  should  be 
in  such  relative  proportions  that  the  latter  remain  at  or  near  the  atmospheric  tempera- 
ture durin"-  its  passage  through  some  of  the  upper  chambers,  becoming  progressively 
hotter  as  Tt  descends,  until  it  reaches  the  boiling  temperature  ;  m  which  state  it 
passes  through  the  lower  chambers, .  either  to  make  its  escape,  or  to  enter  a  cistern 
provided  to  receive  it,  and  in  which  it  may  for  some  time  be  maintained  at  a  boihng 
heat.  On  the  contrary,  if  the  ammonia,  either  pure  or  impure,  be  required  to  leave 
the  upper  chamber  in  combination  with  the  vapour  of  water,  the  supply  of  steam 
entering  below  must  bear  such  proportion  to  that  of  the  ammoniacal  liquid  supplied 
above,  that  the  latter  may  be  at  a  boiling  temperature  in  the  upper  part  of  the 
apparatus.  * 

The  use  of  this  apparatus  has  been  patented  in  the  name  of  Mr.  W.  E.  Newton, 

Nov.  9,  1841.  .  .     ,     ,  . 

Mr.  Hill's  process,  patented  Oct.  19,  1848,  for  concentrating  ammoniacal  solutions 
by  causing  them  to  descend  through  a  tower  of  coke  through  which  steam  is  ascend- 
ing, is,  in  fact,  nothing  more  than  a  rough  mode  of  carrying  out  the  same  principle 
which  is  more  efi'ectually  and  elegantly  performed  by  the  modification  of  Coffey's 
still  above  described.  The  concentrated  ammonia  liquor  is  then  treated  with  acid 
and  evaporated  in  the  usual  way. 

Mr.  Wilson  has  patented,  Dec.  7,  1850,  another  method  of  saturating  the  ammonia 
with  the  acid  by  passing  the  crude  ammonia  vapour,  obtained  by  heating  the  ammo- 
niacal liquor  of  the  gas-works,  in  at  the  bottom  of  a  high  tower  filled  with  coke, 
whilst  the  sulphuric  acid  descends  in  a  continuous  current  from  the  top  ;  in  this 
manner  the  acid  and  ammonia  are  exposed  to  each  other  over  a  greatly  extended 
surface. 

Dr.  Richardson  (patent,  Jan.  26,  1850)  mixes  the  crude  ammonia  liquors  with 
sulphate  of  magnesia,  then  evaporates  the  solution,  and  submits  the  double  sulphate 
of  magnesia  and  ammonia,  which  separates,  to  sublimation  ;  but  it  would  not  appear 
that  any  great  advantage  is  derived  from  proceeding  in  this  way,  either  pecuniary  or 
otherwise. 

Mr.  Laming  passes  sulphurous  acid  through  the  gas  liquor,  and  finally  oxidises 
the  sulphite  thus  obtained  to  the  state  of  sulphate,  by  exposure  to  the  air.  (Patent, 
Aug.  12,  1852.) 

Michiel's  mode  of  obtaing  sulphate  of  ammonia,  patented  April  30,  1850,  is  as 
follows  : — The  ammoniacal  liquors  of  the  gas-works  are  combined  with  sulphate  and 
oxide  of  lead,  which  is  obtained  and  prepared  in  the  following  way  : — Sulphuret  of 
lead  in  its  natural  state  is  taken  and  reduced  to  small  fragments  by  any  convenient 
crushing  apparatus.  It  is  then  submitted  to  a  roasting  process,  in  a  suitably  arranged 
'  reverberatory  funiace  of  the  following  construction  : — The  furnace  is  formed  of  two 
shelves,  or  rather  the  bottom  of  the  furnace  and  one  shelf,  and  there  is  a  communica- 
tion from  the  lower  to  the  upper.  The  galena  or  sulphuret  of  lead,  previously 
ground,  is  then  spread  over  the  surface  of  the  upper  shelf,  to  a  thickness  of  about 
2  or  2i  inches,  and  there  it  is  submitted  to  the  heat  of  the  furnace.  It  remains  thus 
for  about  two  hours,  at  which  time  it  is  drawn  off  the  upper  shelf  and  spread  over  the 
lower  shqlf  or  bottom  of  the  furnace,  where  it  is  exposed  to  a  greater  heat  for  a 
certain  time,  during  which  it  is  well  stirred,  for  the  purpose  of  exposing  all  the  parts 
equally  to  the  action  of  the  heat,  and  at  the  same  time  the  fusion  of  any  portion  of  it 
is  prevented.  By  this  process  the  sulphuret  of  lead  becomes  converted  partly  into 
sulphate  and  partly  into  oxide  of  lead.  This  product  of  sulphate  and  oxide  of  lead 
is  to  be  crushed  by  any  ordinary  means,  and  reduced  to  about  the  same  degree  of 
fineness  as  coarse  sand.  It  is  now  to  be  combined  with  the  ammoniacal  liquors 
when  sulphate  of  ammonia  and  sulphuret  and  carbonate  of  lead  will  be  produced.  ' 

The  sulphate  of  ammonia  is  separated  by  treatment  with  water,  and  the  residuary 
mixture  of  sulphide  and  carbonate  of  lead  is  used  for  the  manufacture  of  lead 
compounds. 

Properties— The  sulphate  of  ammonia  obtained  by  either  of  the  methods  above 

•  Plmrm.  Journal,  xiii.  01. 
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described  is  a  colourless  salt,  containing,  according  to  Mitscherlich,  one  equivalent  nf 
water  ot  crystallisation.    It  is  isomorphous  with  sulphate  of  potash. 

It  deliquesces  by  exposure  to  the  air  ;  1  part  dissolves  in  2  parts  of  cold  water 
and  1  of  boiling  water.  It  fuses  at  140°  C.  (284°  F.),  but  at  280°  C.  (536°  F  )  it  k 
decomposed,  being  volatilised  m  the  form  of  free  ammonia,  sulphite  water  and 
nitrogen.  '  ' 

For  the  other  sulphates— the  sulphites  and  those  salts  which  are  but  little  used  in 
the  arts  and  manufactures — we  refer  to  the  "  Dictionary  of  Chemistry  " 

Uses.— The  chief  consumption  of  ammoniacal  salts  in  the  arts  is  in  the  form  of 
sal  ammoniac,  the  sulphate  of  ammonia  being  principally  used  as  a  material  for  the 
manufacture  of  the  chloride  of  ammonium.  It  may,  however,  be  employed  directly 
m  making  ammonia-alum,  or  in  the  production  of  free  ammonia  by  treatment  with 
lime. 

AMMONIUM  (NH^)  The  radical  supposed  to  exist  in  the  various  salts  of  am- 
monia. Thus  NffO  IS  the  oxide,  JSTH^Cl  the  chloride,  of  ammonium.  Ammonium 
constitutes  one  of  the  best  established  chemical  types.  See  Formula  Chemical  — 
C.  G.  W.  ' 

AMMONIUM,  CHLORIDE  OP.  Commonly  called  Sai,  Ammoniac.  (Sal  am- 
mo7uac,  Fr.;  Salmiak,  Germ.)  The  early  history  of  this  salt  is  involved  in  much 
uncertainty.  It  would  appear  that  the  sal  amnioniacus  (&As  a.ixiJLu>via.K6s)  of  the  ancients 
was,  in  fact,  rock-salt.  The  earliest  knowledge  of  the  compound  has  been  claimed 
both  for  the  Arabians  and  the  Egyptians;  but  the  late  Dr.  Royle  remarked,  that 
"  the  salt  must  have  been  familiar  to  the  Hindoos  ever  since  they  have  burnt  bricks, 
as  they  now  do,  with  the  manure  of  animals,  for  some  may  usually  be  found  crys- 
tallised at  the  unburnt  extremity  of  the  kUn." 

This  salt  is  formed  in  the  solid  state  by  bringing  in  contact  its  two  gaseous  consti- 
tuents, hydrochloric  acid  and  ammonia.  The  gases  combine  with  such  force  as  to 
generate,  not  only  heat,  but  sometimes  even  light.  It  may  also  be  prepared  by  mix- 
ing the  aqueous  solutions  of  these  gases,  and  evaporating  till  crystallisation  takes 
place. 

When  ammoniacal  gas  is  brought  into  contact  with  dry  chlorine,  a  violent  reaction 
ensues,  attended  by  the  evolution  of  heat  and  even  light.  The  chlorine  combines 
with  the  hydrogen  to  produce  hydrochloric  acid,  which  unites  with  the  remainder  of 
the  ammonia,  forming  chloride  of  ammonium,  the  nitrogen  being  liberated.  The 
same  reaction  takes  place  on  passing  chlorine  gas  into  the  saturated  aqueous  solution 
of  ammonia. 

Manufacture  of  Chloride  of  Ammonium  from  Camels'  Dung. — In  Egypt — which  un- 
doubtedly was  the  great  seat  of  the  manufacture  of  this  salt  from  the  beginning  of 
the  thirteenth  to  the  middle  of  the  seventeenth  century,  and  whence  all  the  European 
markets  were  supplied — the  following  is  the  process  by  which  it  is  obtained: — 

The  original  source  was  the  urine  and  dung  of  the  camel,  which  are  dried  by  plas- 
tering them  upon  the  walls,  and  burning,  other  fuel  being  very  scarce  in  that  country. 
A  fire  of  this  material  evolves  a  thick  smoke,  charged  with  chloride  of  ammonium, 
part  of  which  is  condensed  with  the  soot. 

In  every  part  of  Egypt,  but  especially  in  the  Delta,  peasants  are  seen  driving  asses 
loaded  with  bags  of  that  soot,  on  their  way  to  the  sal-ammoniac  works. 

Here  it  is  extracted  in  the  following  manner: — Glass  globes,  coated  with  loam,  are 
filled  with  the  soot,  pressed  down  by  wooden  rammers,  a  space  of  only  two  or  three 
inches  being  left  vacant,  near  their  mouths.  These  globes  are  set  in  round  orifices 
formed  in  the  ridge  of  a  long  vault  or  large  horizontal  furnace  flue.  Heat  is  gradu- 
ally applied  by  a  fire  of  dry  camels'  dung,  and  it  is  eventually  increased  tUl  the  globes 
become  obscurely  red.  As  the  chloride  of  ammonium  is  volatile  at  a  temperature 
much  below  ignition,  it  rises  out  of  the  soot  in  vapour,  and  gets  condensed  into  a 
cake  upon  the  inner  surface  of  the  top  of  the  globe.  A  considerable  portion,  how- 
ever, escapes  into  the  air ;  and  another  portion  concretes  in  the  mouth,  which  must 
be  cleared  from  time  to  time  by  an  iron  rod.  Towards  the  end,  the  obstruction  be- 
comes very  troublesome  and  must  be  most  carefully  attended  to  and  obviated,  other- 
wise the  globes  would  explode  by  the  uncondensed  vapours.  In  all  cases  when  the 
subliming  process  approaches  to  a  conclusion,  the  globes  crack  or  split ;  and  when 
they  come  to  be  removed,  after  the  heat  has  subsided,  they  usually  fall  to  pieces.  The 
upper  portion  of  the  mass  is  separated,  because  to  it  the  white  salt  adheres  ;  and,  on 
detaching  the  pieces  of  glass  with  a  hatchet,  it  is  ready  for  the  market  At  the 
bottom  of  each  balloon  a  nucleus  of  salt  remains,  surrounded  with  fixed  pulverulent 
matter.  This  is  reserved,  and,  after  being  bruised,  is  put  in  along  with  the  charge  of 
soot  in  a  fresh  operation. 

The  sal  ammoniac  obtained  by  this  process  is  dull,  spongy,  and  of  a  greyish  hue ; 
but  nothing  better  was  for  a  long  period  known  in  commerce.    Fifty  years  ago,  it 
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fetched  2..  6rf.  a  pound;  whereas  now,  perfectly  pure  sal  ammoniac  may  be  had  at 
one-fifth  of  that  price  ^tj^,^  Animal  Matter  -  Various 

Manufacture  of  Sal  l^jl//"™  ^eous  putrefactive  fermentation,  or  their 

animal  offa  s  develope,  during  ^^""^^  ^P"^^^^^  or  carbonated  ammonia  among  their 
decomposition  by  heat,  a  large  quantity  oi  iree  or  .       ,    °  . 

volatile  products.    Upon  this  principle  many  sal  ammoniac  works  have  been  esta 

^"Thttof attempts  made  in  France  to  obtain  sal  ammoniac  profitably  in  this  manner 
failed  A  very  extensive  factory  of  the  kind,  which  experienced  the  same  fate,  was 
under  the  superintendence  of  the  celebrated  Baume.  It  was  established  at  Gravelle, 
near  Charenton,  and  caused  a  loss  to  the  shareholders  m  the  speculation  of  upwards 
of  400  000  francs,  which  result  closed  the  concern  in  1787.  For  10  years  after  that 
event  all  the  sal  ammoniac  consumed  in  France  was  imported  from  foreign  countries. 
Since'  then  the  two  works  of  MM.  Payen  and  Pluvinet  were  mounted,  and  seem  to 
have  been  tolerably  successful.  Coal  soot  was,  prior  to  the  introduction  of  the  gas 
works,  a  good  deal  used  in  Great  Britain  for  obtaining  sal  ammoniac. 

In  France,  bones  and  other  animal  matters  are  distilled  in  large  iron  retorts  for  the 
manufacture'  of  both  animal  charcoal  and  sal  ammoniac. 

"  The  annexed  numbers  show  the  produce  of  a  French  manufactory  of  ammonia 
and  its  salts,  from  the  distillation  of  bones  and  other  matters. 
"  The  materials  were — 

46,7.54  tons  of  bones  cf  various  kinds. 

silk  waste  and  old  leather 
sulphuric  acid, 
chloride  of  sodium, 
sulphate  of  lime. 


and  the  produce  was  — 


30 

80 
2f 


2,400  tons  of  animal  charcoal. 

44     „     chloride  of  ammonium. 
100     „     sulphate  of  soda. 
4     „      liquor  ammonia, 
and     25     „     sulphate  of  ammonia." 


-Muspratt. 


These  retorts  are  iron  cylinders,  two  or  three  in  diameter  and  six  feet  long.  Figs. 


38  and  39  show  the  form  of  the  furnace,  and  the  manner  in  which  the  cylinders 
are  arranged,  the  first  being  a  longitudinal,  the  second  a  transverse  section  of  it.  a, 
the  ashpits  under  the  grates  ;  b,  the  fire-places,  arched  over  at  top ;  c,  the  vault  or 
bench  of  fire-bricks,  perforated  inside  with  eight  flues  for  distributing  the  flame  ;  d,  a 
great  arch,  with  a  triple  voissoir  d,  d",  d'",  under  which  the  retorts  are  set.  The  first 
arch,  D,  is  perforated  with  twenty  vent-holes,  the  second  with  four  vent-holes,  through 
which  the  flame  passes  to  the  third  arch,  and  thence  to  the  common  chimney-stalks. 
The  retorts  are  shut  by  the  door  e'  (^fig.  39),  luted,  and  made  fast  with  screw-bolts! 
Their  other  ends,  e',  terminate  in  tubes,/,/,/,  which  all  enter  the  main  pipe,  li.  The 
condensing  pipe  proceeds  slantingly  downwards  from  the  further  end  of  and  dips 
into  large  sloping  iron  cylinder  immersed  in  cold  water. 

The  filters  used  in  the  large  sal  ammoniac  works  in  France  are  represented  in 
fig.  40.  The  apparatus  consists— 1,  of  a  wooden  chest,  a,  lined  with  lead  and 
which  IS  turned  over  at  the  edges  ;  a  socket  of  lead,  b,  soldered  into  the  lowest  part 
of  the  bottom  serves  to  discharge  the  liquid  ;  2,  of  a  wooden  crib  or  grating  formed 
of  rounded  rods,  as  shown  in  the  section  c,  c,  and  the  plan  d ;  this  gratiSg  is  supported 
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one  inch  at  least  above  the  bottom,  and  set  truly  horizontal,  by  a  series  of  wedges'; 
3,  of  an  open  fabric  of  canvas  or  strong  calico,  laid  on  the  grating,  and  secured  over 


the  edges  so  as  to  keep  it  tense.  A  large  wooden  reservoir,/,  lined  with  lead  fur- 
nished with  a  cover,  is  placed  under  each  of  the  filters  ;  a  pump  throws  back  once  or 
twice  upon  the  filters  what  has  already  passed  through.  A  common  reservoir,^, 
below  the  others,  may  be  made  to  communicate  •  at  pleasure  with  one  of  them  by 
means  of  intermediate  stopcocks. 

The  two  boilers  for  evaporating  and  decomposing  are  made  of  lead,  about  one 
quarter  of  an  inch  thick,  set  upon  a  fire-brick  vault,  to  protect  them  from  the  direct 
action  of  the  flame.  Through  the  whole  extent  of  their  bottoms  above  the  vault, 
horizontal  cast-iron  plates,  supported  by  ledges  and  brick  compartments,  compel  the 
flame  and  burned  air,  as  they  issue  from  the  arch,  to  take  a  sinuous  course  before 
they  pass  up  the  chimney.  This  floor  of  cast  iron  is  intended  to  support  the  bottom 
of  the  boiler,  and  to  diffuse  the  heat  more  equably.  The  leaden  boilers  are  sur- 
rounded with  brickwork,  and  supported  at  their  edges  with  a  wooden  frame.  They 
may  be  emptied  at  pleasure  into  lower  receivers,  called  crystallisers,  by  means  of  leaden 
syphons  and  long-necked  funnels. 

The  crystallisers  are  wooden  chests  lined  with  lead,  15  inches  deep,  3  or  4  feet 
broad,  and  from  6  to  8  feet  long,  and  may  be  inclined  to  one  side  at  pleasure.  A 
round  cistern  receives  the  drainings  of  the  mother-waters.  The  pump  is  made  of 
lead  hardened  with  antimony  and  tin. 

The  subliming  furnace  is  shown  in  Jigs  41  and  42,  by  a  transverse  and  longi- 


tudinal section  ;  a  is  the  ashpit ;  Z»,  the  grate  and  fireplace ;  c,  the  arch  above  them. 
This  arch,  destined  to  protect  the  bottles  from  the  direct  action  of  the  fire,  is  perfo- 
rated with  vent-holes,  to  give  a  passage  to  the  products  of  combustion  between  the 
subliming  vessels  ;  d,  d,  are  bars  of  iron,  upon  which  the  bottom  of  the  bottles  rest ; 
e,  stoneware  bottles,  protected  by  a  coating  of  loam  from  the  flame. 

Fig.  43  shows  the  cast-iron  plates,  a,  b,  c,  which,  placed  above  the  vaults,  receive 
each  two  bottles  in  a  double  circular  opening. 

At  the  extremity  of  the  above  furnace,  a  second  one,  called  the  drier,  fg.  44, 
receives  the  products  of  the  combustion  of  the  first  at  a,  under  horizont<al  cast-iron 
plates,  and  upon  which  the  bottom  of  a  rather  shallow  boiler,  b,  rests.  After  passing 
twice  under  these  plates,  round  a  longitudinal  brick  partition,  b,  b',  6",  the  products  of 
combustion  enter  the  smoke  chimney,  C.    Sec  plan,/^/.  45.  ,      ,  r 

The  boiler  set  over  this  furnace  should  have  no  soldered  joints.    It  may  be  3J  leet 
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X  1  1  fnnf  fleet)    The  concrete  sal  ammoniac  may  be 

broad,  9  or  10  feet  ^fS^^^J'^^J^°^^^^^ 

crushed  under  a  pair  of  edge  ^ilk,  hair,  scrapings  of  hides  and 

Bones,  blood,  flesh,  horns  hoofs,  woollen  rags,  siLU,  na^      v  j 
leather,  &c.,  may  be  distilled        procuring  ammo'^^^^  ^ 
residuum  in  the  retort  is  bone  black     The  '^^f  '^"^'  undergo  a  degree  of 

serve  for  the  manufacture  of  pruss.an  ^Ytn^°fTea^^es  in  order  to  convert  them 

''TheTnSed  vapours  from  the  cylinder  retorts  afford  a  compound  liquor  holding 
carbonate  of  ammonL  in  solution,  mixed  with  a  large  quant  ty  of  empyreumatic  oil 
^hich  floats  aTtop.    Lest  incrustations  of  salt  should  at  any  time  tend  to  obstruct  the 
Tubes,  a  pipe  should  be  inserted  within  them  and  connected  with  a  steam  boiler,  so  as 
tn  hlow  steam  through  them  occasionally.  ^  ^   „  „n  m 

?he  whoiriiquors  mixed  have  usually  a  density  of  8°  or  9°  Banme  (1-060).  The 
simplest  process  for  converting  their  carbonate  of  ammoma  into  the  chloride  of  am- 
mon^  is  to  saturate  them  with  hydrochloric  acid,  to  evaporate  the  solution  m  a 
leaden  boiler  till  a  pelUcle  appears,  to  run  it  off  into  crystallisers,  and  to  drain  the 
crvstals  Another  process  is,  to  decompose  the  carbonate  of  ammonia,  by  passing  its 
crude  liquor  through  a  layer  of  sulphate  of  lime,  3  or  four  inches  thick,  spread  upon 
the  filters  liQ  40.  The  liquor  may  be  laid  on  with  a  pump  ;  it  should  never  stand 
hieher  than  1  or  2  inches  above  the  surface  of  the  bruised  gypsum,  and  it  should  be 
closelv  covered  with  boards,  to  prevent  the  dissipation  of  the  volatde  alkali  in  the  air. 
When  the  Uquor  has  passed  through  the  first  filter,  it  must  be  pumped  up  on  the 
second  ;  or  the  filters  being  placed  in  a  terrace  form  the  liquor  from  the  first  may 
flow  down  upon  the  second,  and  thus  in  succession.  The  last  filter  should  be  formed 
of  nearly  fresh  gypsum,  so  as  to  insure  the  thorough  conversion  of  the  carbonate  into 
sulphate  The  resulting  layers  of  carbonate  of  lime  should  be  washed  with  a  little 
water  to  extract  the  sulphate  of  ammonia  interposed  among  its  particles.  The  am- 
moniacal  liquor  thus  obtained  must  be  completely  saturated,  by  adding  the  requisite 
quantity  of  sulphuric  acid  ;  even  a  slight  excess  of  acid  can  do  no  harm.  It  is  then 
to  be  evaporated,  and  the  oil  must  be  skimmed  off  in  the  course  of  the  concentration. 
When  the  liquid  sulphate  has  acquired  the  density  of  about  1-160,  sea  salt  should  be 
added,  with  constant  stirring,  till  the  whole  quantity  equivalent  to  the  double  decom- 
position is  introduced  into  the  lead  boiler. 

The  fluid  part  must  now  be  drawn  off  by  a  syphon  into  a  somewhat  deep  reservoir, 
where  the  impurities  are  allowed  to  subside  ;  it  is  then  evaporated  by  boiling  till  the 
sulphate  of  soda  falls  down  in  granular  crystals,  as  the  result  of  the  mutual  reaction  of 
the  sulphate  of  ammonia  and  chloride  of  ammonium  ;  while  the  more  soluble  chloride 
of  sodium  remains  in  the  liquor.  During  this  precipitation,  the  whole  must  be 
occasionally  agitated  with  wooden  paddles  ;  the  precipitate  being  in  the  intervals  re- 
moved to  the  cooler  portion  of  the  pan,  in  order  to  be  taken  out  by  copper  rakes  and 
shovels,  and  thrown  into  draining-hoppers,  placed  near  the  edges  of  the  pan.  The 
drained  sulphate  of  soda  must  be  afterwards  washed  with  cold  water,  to  extract  all 
the  adhering  sal  ammoniac. 

The  liquor  thus  freed  from  the  greater  part  of  the  sulphate,  when  sufficiently  con- 
centrated, is  to  be  drawn  ofi'  by  a  lead  syphon  into  the  crystallisers,  where,  at  the  end 
of  20  or  30  hours,  it  affords  an  abundant  crop  of  crystals  of  sal  ammoniac.  The  mother- 
water  may  then  be  run  off,  the  crystallisers  set  aslope  to  drain  the  salt,  and  the  salt 
itself  must  be  washed,  first  by  a  weak  solution  of  sal  ammoniac,  and  lastly  with  water. 
It  must  be  next  desiccated,  by  the  apparatus  fig.  44,  into  a  perfectly  dry  povrder, 
then  put  into  the  subliming  stoneware  balloons,  by  means  of  a  funnel,  and  well  rammed 
down.  The  mouth  of  the  bottle  is  to  be  closed  with  a  plate  or  inverted  pot  of  any 
kind.  The  fire  must  be  nicely  regulated,  so  as  to  effect  the  sublimation  of  the  pure 
salt  from  the  under  part  of  the  bottle,  with  due  regularity,  into  a  white  cake  in  the 
upper  part.  The  neck  of  the  bottle  should  be  cleared  from  time  to  time  with  a  long 
steel  skewer,  to  prevent  the  risk  of  choking,  and  consequent  bursting ;  but  in  spite 
of  every  precaution,  several  of  the  bottles  crack  almost  in  every  operation. —  Ure. 

The  pots  are  of  variable  dimensions,  but  those  most  frequently  employed  are  about 
18  inches  in  height  in  the  body,  and  the  cups  about  10  or  12  inches,  with  a  breadth 
of  16  inches  at  the  widest  part. 

In  Scotland  a  process  somewhat  similar  is  pursued,  the  salt  being  sublimed  in  cast- 
iron  pots  lined  with  fire-proof  tiles  ;  the  condensation  being  effected  in  globular  heads 
of  green  glass,  with  which  each  of  the  iron  pots  is  capped. 
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^J^Z!'^'^''''''\f^«^^mrnomacfrom  Gas  Liquor.-Bj  the  largest  quantity  of  the 
atnraonmcal  salts  now  met  with  in  commerce  is  prepared  from  gas  liquor "  Je 
quantity  of  which  annually  produced  in  the  metropolis  alone  is  quite  extraordinary- 
one  ot  tlie  London  gas  works  producing  in  one  year  224,800  gallons  of  gas  liquor 
by  the  distillation  of  5 1,100  tons  of  coal ;  and  the  total  comsumption  of  coal  in  London 
for  gas  making  is  estimated  at  about  840,000  tons. 

The  principle  of  the  conversion  of  the  nitrogen  of  coal  into  ammonia  by  destructive 
distillation,  as  in  the  manufacture  of  coal  gas,  will  be  found  described  in  connection 
with  the  processes  of  gas  manufacture  and  the  prodiicts  produced  by  the  destructive 
distillation  of  coal.  •' 

In  the  purification  of  the  coal  gas,  the  bodies  soluble  in  water  are  all  contained  in 
the  gas  liquor  (see  Coal  Gas),  together  with  a  certain  quantity  of  tarry  matter. 
The  ammonia  IS  chiefly  present  in  the  form  of  carbonate,  together  with  certain 
quantities  of  chloride,  sulphide,  cyanide,  and  sulphocyanide  of  ammonium,  as  well 
as  the  salts  of  the  compound  ammonias. 

For  the  purpose  of  preparing  the  chloride,  if  hydrochloric  acid  be  not  too  costly, 
the  liquor  is  saturated  with  hydrochloric  acid  — the  solution  evaporated  to  cause 
the  salt  to  crystallise,  and  then,  finally,  the  crude  sal  ammoniac  is  purified  by  subli- 
mation. 

Before  treatment  with  the  acid,  the  liquor  is  frequently  distilled. 

This  is  generaUy  effected  in  a  wrought-iron  boiler,  the  liquors  passing  into  a 
modification  of  the  Coffey's  still,  by  which  the  solution  of  ammonia  is  obtained  freer 
from  tar  and  more  concentrated. 

The  Saturation  of  the  Ammoniacal  Liquor  with  the  acid  is  generally  effected  by 
allowing  the  acid  to  flow,  from  a  large  leaden  vessel  in  which  it  is  held,  into  an  under- 


ground tank  (fig.  46)  containing  the  liquor,  which  is  furnished  with  an  exit  tube 
passing  into  a  chimney,  to  carry  off  the  sulphuretted  hydrogen  and  other  offensive 
gases  which  are  disengaged. 

Or  in  other  works  the  gas  liquor  is  put  into  large  tuns,  and  the  acid  lifted  in  gutta 
percha  carboys  by  cranes,  thrown  into  the  liquor  and  stirred  with  it  by  means  of  an  agi- 
tator; the  offensive  gases  being  in  this  case  made  to  traverse  the  fire  of  the  steam-engine. 

Sometimes  the  vapours  produced  in  the  distillation  of  the  crude  gas  liquor  are  passed 
in  at  the  lower  extremity  of  a  column  filled  with  coke,  down  which  the  acid  trickles. 

The  Evaporation  of  the  crude  Saline  Solution  is  generally  performed  in  square  or 
rectangular  cast-iron  vats,  capable  of  holding  from  800  to  1500  gallons.  They  are 
encased  in  brickwork,  the  heat  being  applied  by  a  fire,  the  flue  of  which  takes  a 
sinuous  course  beneath  the  lining  of  brickwork  on  which  the  pan  rests,  as  shown 
in  fig.  47. 

When  the  liquor  is  evaporated  to  a  specific  gravity  of  1-25,  it  is  transferred  to  the 
crystallising  pans  ;  but  during  the  process  of  concentration  a  considerable  quantity  of 
tar  separates  on  the  surface,  which  must  be  removed,  from  time  to  time,  by  skimming, 
since  it  seriously  impedes  evaporation. 

The  cri/slallisalion,  which  takes  place  on  cooling,  is  performed  in  circular  tubs. 
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inconvenient  in  the  subsequent  process  of  sublimation,  tlie  liquor  is  agitated  from  time 
to  time.  The  crude  mass  obtained,  which  is  contaminated  with  tarry  matter, 
free  acid,  and  water,  is  next  dried,  by  gently  heating  it  on  a  cast-iron  plate  under  a 
dome.  T?he  greyish-white  mass  remaining  is  now  ready  to  be  transferred  to  the 
sublimers. 

4.  The  method  of  sublimation  generally  adopted  in  this  country  consists  in  beating 
down  into  the  metal  pots,  shown  in  fig.  48,  the  charge  of  dry  coarsely  crystallised 


48 


sal  ammoniac.  These  pots  are  heated  from  below  and  by  flues  round  the  sides.  The 
body  of  the  subliming  vessel  is  of  cast  iron,  and  the  lid  usually  of  lead,  or,  less  fre- 
quently, iron.  There  is  a  small  hole  at  the  top,  to  permit  the  escape  of  steam ;  and  great  ■ 
attention  is  requisite  in  the  management  of  the  heat,  for  if  it  be  applied  too  rapidly 
a  large  quantity  of  sal  ammoniac  is  carried  off  with  the  steam,  or  even  the  whole  ap- 
paratus may  be  blown  up ;  whilst,  if  the  temperature  be  too  low,  the  cake  of  sal 
ammoniac  is  apt  to  be  soft  and  yellow. 

The  sublimation  is  never  continued  until  the  whole  of  the  salt  has  been  volatilised 
since  the  heat  required  would  decompose  the  carbonaceous  impurities,  and  they,  emit- 
ting volatile  oily  hydrocarbons,  diminish  the  purity  of  the  product.    In  conseauence 
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of  this  incomplete  sublimation,  a  conical  mass  (shown  in  the  fg.  48)  is  left  behind, 
called  the  "yolk."  After  cooling,  the  dome  of  the  pot  is  taken  off  and  the  attached 
cake  carefully  removed.  This  cake,  which  is  from  3  to  5  inches  thick,  is  nearly  pure, 
only  requiring  a  little  scraping,  where  it  was  in  contact  with  the  dome,  to  fit  it  for 
the  market. 

Modifications  of  the  Process.  —  If,  as  is  often  the  case,  sulphuric  acid  is  cheaper  or 
more  accessible  than  hydrochloric,  the  gas  liquor  is  neutralised  with  sulphuric  acid, 
and  then  the  sulphate  of  ammonia  thus  obtained  is  sublimed  with  common  salt  (chloride 
of  sodium),  and  thus  converted  into  sal  ammoniac. 

NffO  SO'  +  NaCl  =  NH*  CI  +  NaOSO'. 

Mr.  Croll  has  taked  out  a  patent  for  converting  crude  ammonia  into  the  chloride, 
by  passing  the  vapours  evolved  in  the  first  distillation  through  the  crude  chloride  of 
manganese,  obtained,  as  a  bye  product  in  the  preparation  of  chlorine,  for  the  manu- 
facture of  chloride  of  lime  :  crude  chloride  of  iron  may  be  used  in  the  same  way. 

Mr.  Laming  patented  in  July,  1843,  the  substitution  of  a  solution  of  chloride  of 
calcium  for  treating  the  crude  gas  liquor,  instead  of  the  mineral  acids.  Mr.  Hills, 
August,  1846,  proposed  chloride  of  magnesium  for  use  in  the  same  way  ;  and  several 
other  patents  have  been  taken  out  by  both  these  gentlemen,  for  the  use  of  various 
salts  in  this  way. 

Manufacture  of  Sal  Ammoniac  from  Guano. —  Mr.  Young  took  out  a  patent,  Novem- 
ber 11th,  1841,  in  which  he  describes  bis  method  of  obtaining  ammonia  and  its  salts 
from  guano.  He  fills  a  retort,  placed  vertically,  with  a  mixture  of  two  parts  by  weight 
of  guano,  and  one  part  by  weight  of  hydrate  of  lime.  These  substances  are  thoroughly 
mixed  by  giving  a  reciprocating  motion  to  the  agitator  placed  in  the  retort;  a  moderate 
degree  of  heat  is  then  applied,  which  is  gradually  increased  until  the  bottom  of  the 
retort  becomes  red-hot.  The  ammoniacal  gas  thus  given  off  is  absorbed  by  water  in 
a  condenser,  whilst  other  gases,  which  are  given  off  at  the  same  time,  being  insoluble 
in  water,  pass  off.  Solutions  of  carbonate,  bicarbonate,  or  sesquicarbonate  of  ammonia 
are  produced,  by  filling  the  condenser  with  a  solution  of  ammonia,  and  passing  car- 
bonic acid  through  it.  A  solution  of  chloride  of  ammonium  or  sulphate  of  ammonia 
is  obtained  by  filling  the  condenser  with  diluted  hydrochloric  or  sulphuric  acid,  and 
passing  the  ammonia  through  it  as  it  issues  from  the  retort. 

Dr.  Wilton  Turner  obtained  a  patent,  March  11th,  1844,  for  obtaining  salts  of 
ammonia  from  guano.  The  following  is  his  method  of  obtaining  chloride  of  ammo- 
nium in  conjunction  with  cyanogen  compounds:  —  The  guano  is  subjected  to  destruc- 
tive distillation  in  close  vessels,  at  a  low  red  heat  during  the  greater  part  of  the  ope- 
ration ;  but  this  temperature  is  increased  towards  the  end.  The  products  of  distillation 
are  collected  in  a  series  of  Woolfe's  bottles,  by  means  of  which  the  gases  evolved, 
during  the  operation  may  be  made^to  pass  two  or  three  times  through  water,  before 
escaping  into  the  air.  These  products  consist  of  carbonate  of  ammonia,  hydrocyanic 
acid,  and  carburetted  hydrogen,  the  first  two  of  which  are  rapidly  absorbed  by  the 
water,  with  the  formation  of  a  strong  solution  of  cyanide  of  ammonium  and  carbonate 
of  ammonia.  After  the  ammoniacal  solution  has  been  removed  from  the  Woolfe's 
apparatus,  a  solution  of  protochloride  of  iron  is  added  to  it,  in  such  quantities  as  will 
yield  sufiicient  iron  to  convert  the  latter  into  Prussian  blue,  which  is  formed  on  the 
addition  of  hydrochloric  acid  in  sufiicient  quantity  to  neutralise  the  free  ammonia ; 
the  precipitate  thus  formed  is  now  allowed  to  subside,  and  is  carefully  separated  from 
the  solution,  and  by  being  boiled  with  a  solution  of  potash  or  soda,  will  yield  the 
ferrocyanide  of  the  alkali,  which  is  obtained  by  crystallising  in  the  usual  way.  The 
solution  (after  the  removal  of  the  precipitate)  should  be  freed  from  any  excess  of  iron 
it  may  contain,  by  the  careful  addition  of  a  fresh  portion  of  the  ammoniacal  liquor,  by 
which  means  the  oxide  of  iron  will  be  precipitated,  and  a  neutral  solution  of  ammonia 
obtained.  When  the  precipitated  oxide  and  cyanide  of  iron  have  subsided,  the  solu- 
tion of  chloride  of  ammonium  is  drawn  off  by  a  syphon,  and  the  sal-ammoniac  ob- 
tained from  it  by  the  usual  processes ;  the  oxide  of  iron  is  added  to  the  ammomacal 
solution  next  operated  upon.  .  . 

If  sulphate  of  iron  and  sulphuric  acid  are  used,  sulphate  of  ammonia  is  the  ammo- 
niacal salt  produced,  the  chemical  changes  and  operations  being  similar  to  the  above. 

Since  the  greater  part  of  the  nitrogen  present  in  guano  exists  in  the  state  of  ammo- 
niacal salts  which  are  decomposed  at  a  red  heat,  nearly  the  whole  of  the  ammonia 
which  it  is  capable  of  yielding  is  obtained  by  this  method ;  still  there  cannot  be  a 
doubt  that  the  conversion  of  the  urea,  uric  acid,  and  other  nitrogenised  organic  bodies 
into  ammonia,  is  greatly  facilitated  by  mixing  the  guano  with  lime  before  heating  it, 
as  in  Mr.  Young's  process.  .     ,       •      r  a 

Manufacture  of  Sal  Ammoniac  from  t/w«?.  — The  urea  in  the  urine  of  man  ana 
Other  animals  is  extremely  liable  to  undergo  a  fermentative  decomposition  in  tue 
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presence  of  the  putrefiable  nitrogenous  matters  always  present  in  this  excrement,  by 
whifh  it  is  ponverted  into  carbonate  of  ammonia. 

By  tiati^g  sS  urine  with  hydrochloric  acid,  sal  ammoniac  separates  on  evapora- 

'"p.o;,er^-e..-Chlorideofammonium(orsalammoniac)usually^ 
in  fibrous  masses  of  the  form  of  large  hemispherical  cakes  T^fj'.^^J^^^fyfi^"  *j5v 
centre,  having,  in  fact,  the  shape  of  the  domes  in  which  it  has  been  sublimed  By 
slowly  evaporating  its  aqueous  solution,  the  salt  may  occasionally  be  obtained  in 
cakes  nearly  an  inch  in  height ;  but  it  generally  forms  feathery  crystals,  which  are 
composed  of  rows  of  minute  octahedra,  attached  by  their  extremities.  Its  specific 
gravity  is  1-45,  and  by  heating  it  sublimes  without  undergoing  fusion.  It  Has  a 
sharp  and  acrid  taste,  and  one  part  dissolves  in  2-72  pai-ts  of  hot,  or  in  an  equal 
weight  of  cold  water.  .  .  , 

It  is  recognised  by  its  being  completely  volatile  on  heating,  giving  a  white  curdy 
precipitate  of  chloride  of  silver  on  the  addition  of  nitrate  of  silver  to  its  aqueous 
solution,  and  by  the  copious  evolution  of  ammonia  on  mixing  it  with  lime,  as  well  as 
the  production  of  the  yellow  precipitate  of  the  double  chloride  of  ammonium  and 
patinum  (Nff  C,  Pa  CP)  on  the  addition  of  bichloride  of  platinum. 

Impurities.  — In  the  manufacture  of  chloride  of  ammonium,  if  the  purification  of 
the  liquor  be  not  effected  before  crystallising  the  salt,  some  traces  of  protochloride 
of  iron  are  generally  present,  and  frequently  a  considerable  proportion.  Even  when 
the  salt  is  sublimed,  the  chloride  of  iron  is  volatilised  together  with  the  chloride  of 
ammonium,  and  appears  to  exist  in  the  salt  in  the  form  of  a  double  compound 
(probably  of  Fe,  CI  NH*  CI,  analogous  to  the  compounds  which  chloride  of  ammo- 
nium forms  with  zinc  and  tin)  140;  and  this  not  only  in  the  brown  seams  of  the  cake, 
but  likewise  in  the  colourless  portion.  This  accounts  for  the  observation  so  often  made 
in  the  laboratory,'  that  a  solution  of  sal  ammoniac,  which,  when  recently  prepared, 
was  perfectly  transparent  and  colourless,  becomes  gradually  red  from  the  peroxidation 
of  the  iron  and  its  precipitation  in  the  form  of  sesquioxide. 

It  is  inconsequence  of  the  existence  of  the  iron  in  the  state  of  this  double  salt,  that 
Wurtz  found  that  chloride  of  ammonium  containing  iron  in  this  form  gave  no  indi- 
cations of  its  presence  by  the  usual  reagents  until  after  the  addition  of  nitric  acid  ; 
and  it  is  curious  that  there  likewise  exists  a  red  compound  of  this  class  in  which  the 
iron  exists  in  the  state  of  pcrchloride  similarly  marked,  in  fact  as  N  H'  CI  Fe*  CV. 

A  very  simple  method  of  removing  the  iron,  suggested  by  Mr.  Brewer,  consists  in 
passing  a  few  bubbles  of  chlorine  gas  through  the  hot  concentrated  solution  of  the 
salt,  by  which  the  protochloride  of  iron  is  converted  into  the  perchloride. 

2Fe  01  +  CI  =  Fe'  Cl». 

The  free  ammonia  always  present  in  the  solution  decomposes  this  perchloride  with 
precipitation  of  sesquioxide,  and  formation  of  an  additional  quantity  of  sal  ammoniac. 

Fe'CP  +  3NH'0  =  Fe''  O'  +  3NH*  01. 

The  sesquioxide  of  iron,  which  is  of  course  present  in  the  form  of  a  brown  hydrate, 
is  filtered  off  or  separated  by  decantation,  and  a  perfectly  pure  solution  is  obtained. 

The  only  precaution  necessary  is  to  avoid  passing  more  chlorine  than  is  requisite 
to  peroxidise  the  iron,  since  the  ammonia  salt  itself  will  be  decomposed  with  evolution 
of  nitrogen,  and  the  dangerously  explosive  body,  chloride  of  nitrogen,  may  result 
from  the  union  of  the  liberated  nitrogen  with  chlorine. 

Uses. — The  most  important  use  of  sal  ammoniac  in  the  arts  is  in  joining  iron  and 
other  metals,  in  tinning,  &c.  It  is  also  extensively  used  in  the  manufacture  of  am- 
monia-alum, which  is  now  largely  employed  in  the  manufacture  of  mordants  instead 
of  potash-alum.    A  considerable  quantity  is  also  consumed  in  pharmacy. 

Sal  ammoniac  is  one  of  those  salts  which  possesses,  in  a  high  degi-ee,  the  property 
of  producing  cold  whilst  dissolving  in  water ;  it  is,  therefore,  a  common  constituent 
of  frigorific  mixtures.   See  Freezing  Mixtures. 

AMMONIUM,  SULPHIDES  OF.  Wlien  sulphuretted  hydrogen  gas  is  passed 
into  a  solution  of  ammonia  in  excess,  it  is  converted  into  the  double  sulphide  of 
ammonium  and  hydrogen — or,  as  it  is  frequently  called,  the  hydrosulphate  of 
sulphide  of  ammonium — NffS,  US. 

This  solution  is  extensively  employed  as  a  re-agent  in  the  chemical  laboratory,  for 

the  separation  of  those  metals  the  sulphides  of  which  are  soluble  in  acids  viz.,  nickel 

cobalt,  manganese,  zinc,  and  iron,  which  are  precipitated  by  this  re-agent  in  alkaline 
solutions. 

By  exposure  to  the  air,  the  hydrosulphuric  acid  which  it  contains  is  decomposed 
the  hydrogen  being  oxidised  and  converted  into  water,  whilst  the  liberated  sulnhur 
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is  dissolved  by  the  sulphide  of  ammonium,  forming  the  bisulphide,  or  even  hisher 
sulphide.  ° 

This  solution  of  the  polysulphide  of  ammonium  is  a  valuable  re-agent  for  dissolving 
the  sulphides  of  eertain  inetals,  such  as  tin,  antimony,  and  arsenic,  the  sulphides  of 
which  play  the  part  of  acids  and  form  salts  with  the  sulphide  of  ammonium. 

By  this  deportment  with  sulphide  of  ammonium,  these  metals  are  separated,  both  on 
the  small  scale  in  the  laboratory  and  also  on  the  large  scale,  from  the  sulphides  of 
those  metals — such  as  lead,  copper,  mercury,  &c. — the  sulphides  of  which  are  insoluble 
in  sulphide  of  ammonium. 

The  higher  sulphides,  viz.,  the  tersulphide,  NH*  and  the  pentasulphide,  NIP 
S^ —  are  bodies  of  purely  scientific  interest.  They  are  obtained  by  distilling  the  cor- 
responding sulphides  of  potassium  with  sal  ammoniac. 

All  the  sulphides  of  ammonium  are  soluble  in  water  without  decomposition. 

Ammonia  combines  with  all  the  other  inorganic  and  organic  acids,  the  name  of 
which  is  "  legion  ; "  but  for  an  account  of  these  bodies  we  must  refer  to  the  "  Dictionary 
of  Chemistry,"  as  they  have  but  few  applications  in  the  arts  and  manufactures. 

AMORPHOUS.  (Privative,  a,  destitute  of ;  iJ-op^^,  shape  :  ivithout  shape.')  Said 
of  mineral  and  other  substances  which  occur  in  forms  not  easy  to  be  defined.  This 
term  may  be  regarded  as  the  opposite  of  crystalline.  Some  elements  exist  in  both 
the  crystalline  and  the  amorphous  states,  as  carbon,  which  is  amorphous  in  charcoal, 
but  crystalline  in  the  diamond. 

The  peculiarities  which  give  rise  to  these  conditions  —  evidently  depending  upon 
molecular  forces  which  have  not  yet  been  defined — present  one  of  the  most  fertile 
fields  for  study  in  the  range  of  modem  science. 

AMYGDALINE.  (C"  W  NO^-  +  6H0.)  A  peculiar  substance,  existing  ready 
formed  in  bitter  almonds,  the  leaves  of  the  cherry  laurel,  the  kernels  of  the  plum, 
cherry,  peach,  and  the  leaves  and  bark  of  Prmius  padus,  and  in  the  young  sprouts  of 
the  P.  domestica.  It  is  also  found  in  the  sprouts  of  several  species  of  Sorbus,  such  as 
S.  aucuparia,  S.  torminalis,  and  others  of  the  same  order.  To  prepare  it,  the  bitter 
almonds  are  subjected  to  strong  pressure  between  hot  plates  of  metal.  This  has  the 
effect  of  removing  the  bland  oil  known  in  commerce  as  almond  oil.  The  residue, 
when  powdered,  forms  almond  meal.  To  obtain  amygdaline  from  the  meal,  the 
latter  is  extracted  with  boiling  alcohol  of  90  or  95  per  cent.  The  tincture  is 
to  be  passed  through  a  cloth,  and  the  residue  pressed,  to  obtain  the  fluid  mechani- 
cally adherent  to  it.  The  liquids  will  be  milky,  owing  to  the  presence  of  some  of 
the  oil.  On  keeping  the  fluid  for  a  few  hours,  it  may  be  separated  by  pouring  off, 
or  by  means  of  a  funnel,  and  so  obtained  clear.  The  alcohol  is  now  to  be  removed 
by  distillation,  the  latter  being  continued  until  five-sixths  have  come  over.  The  fluid 
in  the  retort,  when  cold,  is  to  have  the  amygdaline  precipitated  from  it  by  the  addi- 
tion of  half  its  volume  of  ether.  The  crystals  are  to  be  pressed  between  folds  of 
filtering  paper,  and  recrystallised  from  concentrated  boiling  alcohol.  As  thus  pre- 
pared, it  forms  pearly  scales,  very  soluble  in  hot  alcohol,  but  sparingly  when  cold ;  it 
is  insoluble  in  ether,  but  water  dissolves  it  readily  and  in  large  quantity.  The  crys- 
tals contain  six  atoms  of  water  of  crystallisation.  Most  persons  engaged  in  chemical 
operations  have  noticed,  when  using  almond  meal  for  the  purpose  of  luting,  that, 
before  being  moistened  with  water,  it  has  little  odour,  and  what  it  has  is  of  an  oily 
kind  ;  but,  after  moistening,  it  soon  acquires  the  powerful  and  pleasant  perfume  of 
bitter-almond  oil.  This  arises  from  a  singular  reaction  taking  place  between  the 
amygdaline  and  the  vegetable  albumen  or  emulsine.  The  latter  merely  acts  as  a  fer- 
ment, and  its  elements  in  no  way  enter  into  the  products  formed.  The  decomposition, 
in  fact,  takes  place  between  one  equivalent  of  amygdaline  and  four  equivalents  of 
water,  the  product  being  one  equivalent  of  bitter-almond  oil,  two  equivalents  of 
grape'sugar,  and  one  of  prussic  acid.    Or,  represented  m  symbols:  — 

C"  W  NO"  -f  4H0  =       H"  O^  -t-      HN  +  2C'=  H«  O". 

Amygdaline'.  Bitter-almond    Prussic      Grape  sugar. 

oil.  acid. 

In  preparing  amygdaline,  some  chemists  add  water  to  the  residue  of  the  distillation 
of  the  tincture,  and  then  yeast,  in  order  to  remove  the  sugar  present,  by  fermentation, 
previous  to  precipitating  with  ether:  the  process  thus  becomes  much  more  complex, 
because  it  is  necessary  to  filter  the  fermented  liquid,  and  concentrate  it  again  by 
evaporation,  before  precipitating  out  the  amygdaline. 

The  proof  that  the  decomposition  which  is  experienced  by  the  bitter  almond  cake, 
when  digested  with  water,  is  owing  to  the  presence  of  the  two  principles  'mentioned, 
rests  upon  the  following  considerations.  If  the  marc,  or  pressed  residue  ot  the  bitter 
almond,  be  treated  with  boiling  water,  the  emulsine  — or  vegetable  albumen -will 
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become  coagulated  and  incapable  of  in/^X^'^r^^^^^^^^^^  P-£"to 

bfoSed  ItTs  only  the  bitter  almond  .vhich  contams  amygdabne ;  the  sweet 
varSv  is Iherefo  e  ^capable  of  yielding  the  essence  by  fermentation  But  sweet 
Lmo?ds^.iw:  the  bittL  in  contlining'emulsine  ;  and  it  - --ff  y.-^-/^^^^^^ 
_as  illustratinff  the  truth  of  the  explanation  given  above  — that  it  a  iitue  amygaa, 
n^e  be  added  to  an  emulsion  of  sweet  almonds,  the  l'!"-"-!:" ^^^/^^^/^  "  X!*^! 
ately  formed.    The  largest  proportion  of  essential  oil  ^^^^f 

dieested,  previous  to  distillation,  with  twenty  times  its  weight  of  water,  toi  a  day  sma 
a  ni°ht    A  temperature  of  100°  is  the  most  favourable  for  the  digestion.— O.  U.  W. 

AMYLAMINE.  (C"  H"  N.)  A.  volatile  organic  base  formed  on  the  ammonia  type. 
It  is  in  fact,  ammonia  in  which  one  equivalent  of  hydrogen  is  replaced  by  ttie  radical 
amyl  C"  H".  It  may  be  produced  artificiaUy  by  several  processes.  1.  By  boiling 
cvanat  of  amyl  with  potash.  2.  By  the  action  of  potash  on  amylic  urea.  3.  By 
the  action  of  iodide  of  amyl  on  ammonia.  It  is  contained  among  the  organic  bases 
of  bone  oil,  and  is  said  to  be  obtained  in  a  state  of  purity  from  horn  and  leucine  by 
destructive  distillation.  It  was  discovered  by  Wurtz,  to  whom  we  are  indebted  for 
the  first  and  second  modes  of  preparation.  The  third  process  was  discovered  by 
Hofmann.  I  have  recently  found  that  when  flannel  is  distilled  with  potash,  amylamine 
comes  over  with  butylamine. 

Amylamine,  in  a  state  of  purity,  is  a  colourless  mobile  fluid  of  an  extremely  burn- 
ing taste.    Its  density  is  0-750  at  64°.    It  boils  at  203°  F.— C.  G.  W. 

A MYLOXIDE- HYDRATE.    See  Fusel  Oii. 

AMYLUM  MANDIOC^.    Mandioca  or  Cassava  starch. 

ANALYSIS.    The  art  of  resolving  a  compound  substance  or  machine  into  its  con- 
stituent parts.    Every  manufacturer  should  so  study  this  art,  in  the  proper  treatises  • 
and  schools  of  chemistry  or  mechanics,  as  to  enable  him  properly  to  understand  and 
regulate  his  business. 

ANCHOR.  (Ancre,  Ft.  ;  Anker,  Germ.)  An  iron  hook,  of  peculiar  construction 
and  of  considerable  weight  and  strength,  for  enabling  a  ship  to  lay  hold  of  the 
ground,  and  fix  itself  in  a  certain  situation  by  means  of  a  rope  called  the  cable.  The 
necessity  for  securing  boats,  canoes,  or  ships  in  a  certain  position,  has  led  to  the  adop- 
tion of  anchors,  of  some  description,  amongst  every  nation  dwelling  upon  the  shores  of 
seas,  lakes,  or  rivers.  They  were  often  of  the  rudest  description.  We  are  informed 
that  the  Greeks  at  first  used  stone  anchors,  but  that  they  subsequently  employed  in- 
struments of  iron,  having  one  two  and  three  teeth,  which  were  not  apparently  very- 
different  from  those  we  now  employ.  The  anchors  which  are  used  by  many  of  the 
races  inhabiting  the  shores  of  the  Indian  ocean  are  made  of  the  so-called  "  iron-wood," 
which  is  so  dense  that  it  sinks  in  sea-water.  The  anchor  is  an  instrument  of  the 
greatest  importance  to  the  navigator,  since  upon  its  taking  and  keeping  hold  depends 
his  safety  upon  many  occasions,  especially  near  a  lee  shore,  where  he  might  be  other- 


wise stranded  or  shipwrecked.  Anchors  are  generally  made  of  wrought  iron,  except 
among  nations  who  cannot  work  this  metal  well,  and  who  therefore  use  copper.  The 
mode  in  which  an  anchor  operates  will  be  understood  from  inspection  oifig.  49,  where, 
from  the  direction  of  the  strain,  it  is  obvious  that  the  anchor  cannot  move  without 
ploughing  up  the  ground  in  which  its  hook  or  fluke  is  sunk.  When  this,  however 
unluckily  takes  place,  from  the  nature  of  the  ground,  from  the  mode  of  insertion  of 
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the  anchor,  or  from  the  violence  of  the  winds  <or  currents,  it  is  called  dragging  the 
anchor.  When  the  hold  is  good,  the  cable  or  the  buried  arm  -will  sooner  break  than 
the  ship  -will  drive.  Anchors  are  of  different  sizes,  and  have  different  names,  ac- 
cording to  the  purposes  they  serve  ;  thus  there  are  bower,  stream,  and  kedgc  anchors. 
Ships  of  the  first  class  have  seven  anchors,  and  smaller  vessels,  such  as  brigs  and 
schooners,  three. 

The  metal  employed  for  anchors  of  wought  iron  is  known  as  "  scrap  iron,"  and  for 
the  best  anchors,  such  as  Lenox's,  they  also  use  good  "  Welsh  mine  iron." 

It  is  not  practical,  without  occupying  more  space  than  can  be  afforded,  to  describe 
in  detail  the  manufacture  of  an  anchor.  It  does  not,  indeed,  appear  desirable  that  we 
should  do  so,  since  it  is  so  special  a  form  of  mechanical  industry,  that  few  will  consult 
this  volume  for  the  sake  of  learning  to  make  anchors.  The  following  will  therefore 
suffice.  The  anchor  smith's  forge  consists  of  a  hearth  of  brickwork,  raised  about 
9  inches  above  the  ground,  and  generally  about  7  feet  square.  In  the  centre  of  this 
is  a  cavity  for  containing  the  fire.  A  vertical  brick  wall  is  built  on  one  side  of  the 
hearth,  which  supports  the  dome,  and  a  low  chimney  to  carry  off  the  smoke. 
Behind  this  wall  are  placed  the  bellows,  with  which  the  fire  it  urged ;  the  bellows 
being  so  placed  that  they  blow  to  the  centre  of  the  fire.  The  anvil  and  the  crane 
by  which  the  heavy  masses  of  metal  are  moved  from  and  to  the  fire  are  adjusted 
near  the  hearth.  The  Hercules,  a  kind  of  stamping  machine,  or  the  steam  hammer, 
need  not  be  described  in  this  place. 

To  make  the  anchor,  bars  of  good  iron  are  brought  together  to  be  faggoted ;  the 
number  varying  with  the  size  of  the  anchor.  The  faggot  is  kept  together  by  hoops 
of  iron,  and  the  whole  is  placed  upon  the  properly  arranged  hearth,  and  covered  up 
by  small  coals,  which  are  thrown  upon  a  kind  of  oven  made  of  cinders.  Great  care 
and  good  management  is  required  to  keep  this  temporary  oven  sound  during  the 
•combustion ;— a  smith  strictly  attends  to  this.  When  all  is  arranged,  the  bellows  are 
set  to  work,  and  a  blast  urged  on  the  fire  ;  this  is  continued  for  about  an  hour,  when 
a  good  welding  heat  is  obtained.  The  mass  is  now  brought  from  the  fire  to  the  anvil, 
and  the  iron  welded  by  the  hammers.  One  portion  having  been  welded,  the  iron  is 
returned  to  fire,  and  the  operation  is  repeated  until  the  whole  is  welded  into  one  mass. 


This  will  be  understood  by  referring  to  the  annexed  figures  .(^^.  50)  m  which  the 
hars  for  Ae  shanks  a  I  and^the  arms?  b  b,  are  shown,  in  plan  and  sections,  as  bound 
Sther  and  tS^  h       after  being  welded  before  union;  and  c  c  represents  the  pa  m 

property  depends. 
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The  manufacture  of  anchors  requires  great  knowledge  of 
the  structure  of  iron,  aud  skill  in  the  art  of  .vorking  it 
The  various  parts  of  an  anchor  are  thus  named  : -  In 
51,  A  is  the  shank,  d,  the  arm  ov  fluke  ;  c,  the^ate 
D,  the  blade;  e,  the  square;  F,  the  nut;  g,  the  ring;  H,  tne 
croiijn,— the  proportional  weights  of  the  several  parts  being 
as  follows :  — 


The  shank 
Each  arm  - 
Two  palms 
Stock 

Shackle  - 


-   -^ths  of  the  whole. 


ith 


TS 


th 


The  following  drawings  (Jig.  52)  show  an  anchor  on  the 
old  plan  and  the  dissected  parts  of  which  it  is  composed;— 


and  the  annexed  (Jig.  53),  the  patent  anchor  as  invented  by  Mr.  Perring,  with  its 
several  parts  dissected  as  before : — 
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1  erring  s  improved  anchor  was  a  very  ingenious  ofie.  The  bars  and  half  the  breadtli 
ot  the  anchor  are  first  welded  separately,  and  then  placed  side  by  side,  when  the  upper 
nait  IS  worked  into  one  mass,  while  the  lower  part  is  left  disunited,  but  it  has  carrier 
iron  bars  or  porters,  as  these  prolongation  rods  (3,  3,  Jig.  53)  are  commonly 
called,  welded  to  the  extremity  of  each  portion.  The  lower  part  is  now  heated  and 
placed  in  the  clamping  machine,  which  is  merely  an  iron  plate  firmly  bolted  to  a  mass 
of  timber,  and  bearing  upon  its  surface  four  iron  pins.  One  end  of  the  crown  is 
placed  between  the  first  of  these  pins,  and  passed  under  an  iron  strap  ;  the  other  end 
IS  brought  between  the  other  pins,  and  is  bent  by  the  leverage  power  of  the  elongated 
rods  or  porters. 

Thus  a  part  of  the  arm  being  formed  out  of  the  crown  gives  much  greater  security 
when  a  true  union  of  fibres  is  effected,  than  when  the  junction  was  made  merely  by  a 
short  scarf 

The  angular  opening  upon  the  side  opposite  is  filled  with  the  chock,  formed  of  short 
iron  bars  placed  upright.  When  this  has  been  firmly  welded,  the  truss-piece  is 
brought  over  it.  This  piece  is  made  of  plates  similar  to  the  above,  except  that  their 
edges  are  here  horizontal.  The  truss-piece  is  half  the  breadth  of  the  arm  j  so  that, 
when  united  to  the  crown,  it  constitutes,  with  the  other  parts,  the  total  breadth  of  the 
arms  at  those  places. 

The  shank  is  now  shut  upon  the  crown  ;  the  square  is  foi-med,  and  the  nuts  welded 
to  it ;  the  hole  is  punched  out  for  the  ring,  and  the  shank  is  then  fashioned. 

The  blade  is  made  much  in  the  way  above  described.  In  making  the  palm,  an 
iron  rod  is  first  bent  into  the  approximate  form,  notching  it  so  that  it  may  more 
readily  take  the  desired  shape.  To  one  end  a  porter  rod  is  fastened,  by  which  the 
palm  is  carried  and  turned  round  in  the  fire  during  the  progress  of  the  fabrication.  Iron 
plates  are  next  laid  side  by  side  upon  the  rod,  and  the  joint  at  the  middle  is  broken 
by  another  plate  laid  over  it.  When  the  mass  is  worked,  its  under  side  is  filled  up 
by  similar  plates,  and  the  whole  is  completely  welded ;  pieces  being  added  to  the 
sides,  if  necessary,  to  form  the  angles  of  the  palm.  The  blade  is  then  shut  on  to  the 
palm,  after  which  the  part  of  the  arm  attached  to  the  blade  is  united  to  that  which 
constitutes  the  crown.    The  smith-work  of  the  anchor  is  now  finished. 

The  junction — or  shutting  on,  as  the  workmen  call  it — of  the  several  members  of  an 
anchor  is  effected  by  an  instrument  called  a  Hercules,  which  is  merely  a  mass  of  iron 
raised  to  a  certain  height,  between  parallel  uprights,  as  in  the  pile-engine  or  vertical 
ram,  and  let  fall  upon  the  metal  previously  brought  to  a  welding  heat. 

The  end  of  the  shank  is  squared  to  receive  and  hold  the  stock  steadily  and  keep  it 
from  turning.  To  prevent  it  shifting  along,  there  are  two  knobs  or  tenon-like  pro- 
jections. The  point  of  the  angle  h,  between  the  arms  and  the  shank,  is  sometimes 
called  the  throat.  The  arm,  b  c,  generally  makes  an  angle  of  56'^  with  the  shank  A; 
it  is  either  round  or  polygonal,  and  about  half  the  length  of  the  shank. 

The  stock  of  the  anchor  (Jig.  49)  is  made  of  oak.  It  consists  of  two  beams  which 
ernbrace  the  square,  and  are  firmly  united  by  iron  bolts  and  hoops,  as  shown  in  the 
figure.  The  stock  is  usually  somewhat  longer  than  the  shank,  has  in  the  middle  a 
thickness  about  one-twelfth  of  its  length,  but  tapers  at  its  under  side  to  nearly  one- 
half  this  thickness  at  the  extremities. 

An  ingenious  form  of  anchor  was  made  the  subject  of  a  patent,  by  Lieutenant 
Rodger,  of  the  Royal  Navy,  in  1828,  and  was  afterwards  modified  by  him  in  a  second 
patent,  obtained  in  August,  1829.  The  whole  of  the  parts  of  the  anchor  are  to  be 
bound  together  by  means  of  iron  bands  or  hoops,  in  place  of  bolts  or  pins. 

Fig.  54  is  a  side  view  of  a  complete  anchor,  formed  upon  his  improved  con- 
struction, and  Jig.  .'55  a  plan  of  the  same  ;  Jig.  56,  an  end  view  of  the  crown  and 
flukes,  or  arms  \  Jig.  57  represents  the  two  principal  iron  plates,  a  a,  of  which  the 
shank  is  constructed,  but  so  as  to  form  parts  of  the  stump-arms  to  which  the  flukes  are 
to  be  connected. 

The  crown  piece  is  to  be  welded  to  the  stump-piece,  c  c,Jig.  57,  as  well  as  to  the 
end,  1,  of  the  centre-piece,  h  h,  and  the  scarfs,  m  in,  are  to  be  cut  to  receive  the 
arm's  or  flukes.  Previously,  however,  to  uniting  the  arras  or  flukes  to  the  stump- 
arms,  the  crown  and  throat  of  the  anchor  are  to  be  strengthened,  by  the  application 
of  the  crown  slabs,  n  n,  Jig.  57,  which  are  to  be  welded  upon  each  side  of  the  crown, 
overlapping  the  end  of  the  pillar,  h,  and  the  throat  or  knees  of  the  stump-arms  and 
the  crown-piece.  The  stump-arms  are  then  to  be  strengthened  in  a  similar  manner, 
by  the  thin  flat  pieces,  p  p,  which  are  to  be  welded  upon  each  side.  The  palms  are 
united  to  the  flukes  in  the  usual  way,  and  the  flukes  are  also  united  to  the  stump- 
arms  by  means  of  the  long  scarfs,  m  7/1.  When  the  shank  of  the  anchor  has  been 
thus  formed,  and  united  with  the  flukes,  the  anchor-smith's  work  may  be  said  to  be 
complete. 

Another  of  the  improvements  in  the  construction  of  anchors,  claimed  under  this 
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patent,  consists  in  a  new  method  of  affixing  the  stock  upon  the  shank  of  the  anchor, 
which  is  eftected  in  the  following  manner  :  in  fig.  54  the  stock  is  shown  affixed  to 
the  anchor;  mfig.  57  it  is  shown  detached.  It  may  be  made  either  of  one  or  two 
pieces  of  timber,  as  shall  be  found  most 
convenient  It  is,  however,  to  be  observed 
that  the  stock  is  to  be  completed  before 
fitting  on  to  the  shank.  After  the  stock  is 
shaped,  a  hole  is  to  be  made  through  the 
middle  of  it,  to  fit  that  part  of  the  shank 
to  which  it  is  to  be  affixed.  Two  stock 
plates  are  then  to  be  let  in,  one  on  each 
side  of  the  stock,  and  made  fast  by 
counter-sunk  nails  and  straps,  or  hoops  ; 
other  straps  or  hoops  of  iron  are  also  to 
be  placed  round  the  stock,  as  usual. 

In  place  of  nuts,  formed  upon  the  shank 
of  the  anchor,  it  is  proposed  to  secure  the 
stock  by  means  of  a  hoop  and  a  key, 
shown  above  and  below  J,  in  fig.  55.  By 
this  contrivance,  the  stock  is  prevented 
from  going  nearer  to  the  crown  of  the 
anchor  than  it  ought  to  do,  and  the  key 
prevents  its  from  sliding  towards  the 
shackle. 

Since  fitting  the  stock  to  the  shank  of 
an  anchor  by  this  method  prevents  the 
use  of  a  ring,  as  in  the  ordinary  manner, 
the  patentee  says  that  he  in  all  cases  sub- 
stitutes a  shackle  for  the  ring,  and  which 
is  all  that  is  required  for  a  chain  cable ; 
but  when  a  hempen  cable  is  to  be  used,  he 
connects  a  ring  to  the  usual  shackle,  by 
means  of  a  joining  shackle,  as  in  figs.  54 
and  55.    The  stock  is  shown  in  fig.  58. 

Mr.  Rodger  proposes,  under  another  patent,  dated  July,  1833,  to  alter  the  size  and 
form  of  the  palms  ;  having  found  from  experience  that  anchors  with  small  palms  will 
not  only  hold  better  than  with  large  ones,  but  that  the  arms  of  the  anchor,  even 
without  any  palms,  have  been  found  to  take  more  secure  hold  of  the  ground  than 
anchors  of  the  old  construction  of  similar  weight  and  length.  He  has  accordingly 
fixed  upon  one-fifth  of  the  length  of  the  arm,  as  a  suitable  proportion  for  the  length 
or  depth  of  the  palm.    He  makes  the  palms,  also,  broader  than  they  are  long  or  deep. 

Previously  to  the  introduction  of  Lieutenant  Kodger's  small-palmed  anchor,  ships 
were  supplied  with  heavy,  cumbersome  contrivances  with  long  shanks  and  broad  palms 
extending  half-way  up  the  flukes.  So  badly  were  they  proportioned,  that  it  was  no 
uncommon  thing  for  them  to  break  in  falling  on  the  bottom,  particularly  if  the  ground 
was  rocky.  But,  if  once  firmly  imbedded  in  stiff  holding  ground,  there  was  consi- 
derable difficulty  in  breaking  them  out.  The  introduction  of  the  smaU  palm  there- 
fore, forms  an  important  era  in  the  history  of  anchors.  ' 

The  next  important  introduction  was  Porter's  anchor,  with  movable  flukes  or 
arms.  One  grand  object  sought  to  be  attained  here,  was  the  prevention  of  fouling  by 
the  cable.  It  was  considered,  also,  that  as  great  injury  was  frequently  occasioned  by 
a  ship  grounding  on  her  anchor,  the  closed  upper  arm  would  remedy  the  evil.  It  was 
found,  however,  that  the  anchor  would  not  take  the  ground  properly  as  at  first  con- 
structed, and  hence  the  "shark's  fin"  upon  the  outside  of  each  fluke. 

Rodger's  invention  was  for  some  time  viewed  with  distrust ;  but,  from  time  to  time 
improvements  were  introduced,  until  the  patent,  which  gained  the  Exhibition  prize' 
was  brought  out.    On  this  the  jurors  reported  as  follows  :  —  i-  . 

"  Many  remarkable  improvements  have  been  recently  made  by  Lieutenant 
Rodger,  R.N.,  msurmg  a  better  distribution  of  the  metal  in  the  direction  of  the 
greatest  strains  The  palm  of  the  anchor,  instead  of  being  flat,  presents  two  inclined 
planes,  calculated  for  cuttmg  the  sand  or  mud  instead  of  resisting  perpendicularlv  • 
and  the  consequence  is,  that  these  new  anchors  hold  much  better  in  the  ground  ThP 
committee  of  Lloyd's_so  competent  to  judge  of  every  contrivance  likely  to  preserve 
-  have  resolved  to  allow  for  the  anchors  of  the  ships  they  insure  a  sixth  less 


ships - 


weight  if  made  according  to  the  plan  of  Lieutenant  Rodoer  " 

The  original  Porter's  anchor  has  also  undergone  considerable  modification  •  and 
under  the  name  of  "Trotman's  anchor,"  has  now  a  conspicuous  nlace  '  ' 
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Anotlier  invention  is  that  of  Mitcheson's,  which,  in  form  and  proportions  stronn-lv 
resembles  Rodger's ;  but  the  palm  is  that  adopted  in  Trotman's,  or  Porter's  anchor 
it  IS  a  trifle  longer  m  the  shank  than  Rodger's,  and  has  a  peculiar  stock,  which — 
although  original  in  its  form  — lacks  originality  in  its  design,  since  Rodger  had  pre- 
viously  introduced  a  plan  for  an  iron  stock  to  obviate  the  weakness  caused  by  makinff 
a  hole  for  the  stock  to  pass  through.  Mr.  Lenox  was  the  inventor  of  an  anchor  which 
differed  somewhat  from  the  Admiralty's  anchor— a  modification  of  Rodger's— in 
being  shorter  in  the  shank  and  thicker  in  the  flukes,  the  palms  being  spade-shaped 
Mr.  J.  Aylen,  the  Master-Attendant  of  Sheerness  Dockyard,  modified  the  Admiralty's 
anchor.  Instead  of  the  inner  part  of  the  fluke,  from  the  crown  to  the  pea  being 
rounded,  as  in  the  Admiralty  plan,  or  squared  as  in  Rodger's  and  Mitcheson's  it  is 
hollowed.  An  American  anchor,  known  as  Isaac's,  has  a  flat  bar  of  iron  from' palm 
to  palm,  passing  the  shank  elliptically  on  both  sides  ;  and  from  the  end  of  the  stock 
to  the  centre  of  the  shank  two  other  bars  are  fixed  to  prevent  its  fouling. 

With  the  anchors  thus  briefly  described  the  Admiralty  ordered  trials  to  be  made  at 
Woolwich,  and  at  the  Nore.  The  results  of  those  trials— the  particulars  of  which  need 
not  be  given  here— were,  that  Mitcheson's,  Trotman's,  Lenox's,  and  Rodger's  were 
selected  as  the  best. 

A  competent  authority,  writing  in  the  United  Service  Gazette,  savs  : — "  The 
general  opinion  deduced  from  the  series  of  experiments  is,  that  although  Mitcheson's 
has  been  so  successful,  the  stock  is  not  at  present  seaworthy.  Trotman's  has  come 
out  of  the  trial  very  successfully,  but  the  construction  is  too  complicated  to  render  it  a 
good  working  anchor.  When  once  in  the  ground,  its  holding  properties  are  very 
superior  ;  in  fact,  a  glance  at  its  grasp  will  show  that  it  has  the  capabilities  of  an 
anchor  of  another  construction  one-fifth  larger.  There  are,  however,  drawbacks 
not  easily  to  be  overcome.  Its  taking  the  ground  is  more  precarious  than  with  other 
anchors;  and  if  a  ship  should  part  her  cable,  it  would  scarcely  be  possible  to  sweep 
the  anchor.  It  is  also  an  awkward  anchor  to  fish  and  to  stow.  Yet  there  are  other 
merits  which  render  it,  upon  the  whole,  a  most  valuable  invention,  and  no  ship  should 
go  to  sea  without  one.  Of  Lenox's,  it  is  sufficient  to  say  that  it  has  been  found  equal  to, 
and  that  it  has  gained  an  advantage  over,  Rodger's;  but  so  strong  is  the  professional 
feeling  in  favour  of  the  latter,  that  it  will  ever  remain  a  favourite.  Our  recom- 
mendation would  be  thus : — Lenox  and  Rodger  for  bower  anchors,  Mitcheson  for  a 
sheet,  and  Trotman  for  a  spare  anchor." 

The  following  Table  gives  at  one  view  the  results  of  the  experiments  made  by 
the  Admiralty  upon  breaking  the  trial  anchors,  and  the  time  occupied  upon  each 
experiment :  — 


Anchors. 

Weight. 

Proof- 
strain. 

First 
Oracle. 

Broke. 

Time  in 
Breaking. 

Cwts. 

qrs. 

lbs. 

Tons. 

Tons. 

Tons. 

Minutes. 

Lieut.  Rodger's  - 

19 

0 

8 

191 

45 

73J 

21 

Brown  and  Lenox's 

20 

3 

14 

2U 

44| 

47 

7 

Isaac's  ... 

21 

0 

14 

21J 

58 

63 

10 

Trotman's  - 

21 

1 

10 

211 

51 

53^ 

18 

Honiball's   -       -  - 

20 

3 

7 

2n 

54 

75i 

42 

Admiralty's 

20 

2 

6 

2U 

40 

56^ 

26 

Aylen's  - 

21 

1 

0 

21f 

44 

47i 

6 

The  history  of  the  introduction  of  Lenox's  anchors  to  the  British  navy  was  as 
follows : — 

After  sundry  attempts  to  induce  the  Admiralty  to  give  up  entirely  the  use  of 
hempen  cable  anchors,  in  consequence  of  their  breaking  when  applied  to  chain  cables, 
Mr.  Lenox,  in  1 832,  was  permitted  to  alter  some  of  the  old  anchors  to  such  propor- 
tions and  shape  as  would  enable  them  to  stand  a  proof-strain  upon  the  machine  in 
Woolwich  Dockyard.  It  was  found,  as  previously  apprehended  and  asserted,  that 
from  the  inequality  of  material  in  the  old  anchors,  not  above  one  in  three  was  success- 
fully altered,  and  Mr.  Lenox  was  ordered  to  supply  new  anchors,  which  were  proved, 
and  then  approved  of.  This  state  of  things  continued  until  1838,  when  Mr.  Lenox 
was  requested  to  reconsider  and  complete  the  shape  and  proportions  of  anchors  for 
the  navy,  with  a  view  to  a  contract  being  given  out  for  the  supply  of  such  anchors  to 
the  service.  Then  was  constructed  the  shape  called  the  "Admiralty,"  or  "Sir 
William  Parker's  Anchor"  (Sir  William  being  then  Store  Lord).  Mr.  Lenox 
suggested  to  Sir  William  the  doing  away  with  every  sharp  edge  and  line  m  an 
anchor,  and  adopting  the  smooth  long- oval  (in  the  section)  for  the  general  shape  of 
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(3) 


59 


shank  and  arm.  This  was  approved  of  by  Sir  Wi  ham,  and  he  brought  it  out  as  his 
anchor.  An  entire  Table  of  proportions  .vas  furnished ;  but  that  it  might  meet  with 
no  opposition  from  the  influence  of  dockyard  authority,  it  was  sent  to  the  officers  of 
Portsmouth  Yard  for  their  approval.  They  returned  it,  after  a  few  months,  with 
some  slight  alterations  in  the  proportions  of  some  of  the  sizes,  and  recommended  the 
construction  to  be  on  "Perring's  principle"  of  the  cushioned,  or  made-up,  crown. 
It  was  so  adopted,  and  continued  to  be  made  by  Brown  and  Lenox  tor  about  a  year 
or  two,  when  the  great  and  unnecessary  expense  incurred  by  the  plan  was  pointed 
out.  It  was  contended  it  was  without  any  good ;  because,  if  the  crown  of  the  anchor, 
or  any  shut  or  weld,  was  made  sound  and  perfect, 
the  amalgamation  of  the  grain  of  the  iron  would  be 
complete,  and  assume  its  full  power  or  strength, 
whatever  way  it  might  be  put  together ;  and  the 
strongest  form  was  that  which  exposed  the  least 
surface  of  iron  to  the  welding  heat,  and  consequently 
to  injury.  About  the  latter  end  of  1839,  the  subject 
was  again  opened.  Mr.  Lenox  renewed  his  objec- 
tions, by  letter  to  Sir  William  Parker,  to  "  Perrmg's 
plan"  of  shutting-up  ,  and  the  consequence  was  —  a 
contract,  with  specification,  &c.  &c.,  appeared,  and  an 
improved  or  modified  plan  of  shutting-up  (as  it  is 
called)  was  proposed  by  Mr.  Tyler,  master-smith 
of  Portsmouth  Yard,  which  was  adopted ;  and  Mr. 
Lenox's  shape  and  proportions  (slightly  altered,  as  , 
before  said)  came  out  as  "  Sir  William  Parker's," 
or  the  "  Admiralty  Anchor,"  and  continued,  until 
after  the  trials  in  1852,  with  every  success  in  actual 
service  that  a  good  anchor  could  maintain,  and  they 
were  made  and  sold  in  quantities  to  all  the  world. 


In  the  navy  of  England,  and  in  nearly  all  foreign  navies,  this  anchor,  of  which 
f>g.  59  represents  the  form,  was  adopted.    They  are  also  largely  employed  in  the  mer- 
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chant  service ;  but  ttese  are  not  so  nicely  proportioned  as  the  anchors  made  for  the 
Government,  nor  are  they  so  highly  finished.  Many  merchant  captains,  however,  take 
llodger's  anchor,  and  our  steamers  almost  invariably  take  Porter's  or  Trotman's 
anchor. 

Trotman's  Anchor  is  represented  in  fig.  60,  under  its  various  positions.  Although 
for  convenience  Trotman's  anchor  is,  as  we  have  already  stated,  largely  used  by  the 
merchant  steamers,  vre  cannot  but  feel  that  the  separation  of  the  fluke  from  the  shaft, 
although  it  may  be  in  many  cases  unobjectionable,  is  attended  with  the  risk  that  when, 
in  an  emergency,  the  anchor  is  required,  the  means  of  connexion  may  be  at  fault. 


Captain  Hall's  anchor  is  a  very  valuable  one,  from  the  circumstance  that  it  is 
capable  of  division,  as  shown  in  fig.  61,  so  that  it  can  be  taken  out  in  boats. 


There  are  various  other  shapes  of  anchors  ;  but  attention  has  been  confined  to  those 
generally  employed.  ,  , 

We  are  not  in  a  position  to  ofi\;r  any  opinion  upon  the  value  of  the  several  anciiors 


ANCHOR. 


157 


^hich  have  been  named.  Having  described  their  peculiarities,  there  'Ji^'^^  b"*  i tt  e 
to  bo  said.  The  solidity  of  Lenox's  anchors-as  shown  mfig.  62  and  again  in  their 
more  recent  modifications,  in  plan  and  section,  with  the  new  form  of  iron  stock, 
fig.  63  —has  recommended  them  strongly,  and  hence  their  general  use. 

The  weight  of  anchors  for  different  vessels  is  proportioned  to  the  tonnage.  Ihe 
followins  Tables  show  the  number  of  Anchors  now  carried,  and  the  weights  of  each 
anchor,  by  the  ships  of  the  Navy  under  the  Admiralty  regulations,  and  by  merchant 
vessels  by  the  regulation  of  Lloyd's. 

Admiralty  Regulations  for  Sailing  Vessels. 


Name  of  Ship. 

Tonnage. 

Number. 

Weight. 

Bower. 

Stream. 

Kedge. 

Bower. 

Stre.im 

K«dge. 

Tons. 

Cwt. 

Cvt. 

Cwt. 

Queen  - 

3099 

4 

2 

99 

25 

12 

Camperdown 

O/i  A.I 

4 

2 

94 

23 

Albion  - 

3082 

4 

; 

2 

92 

23 

12 

Vanguard  -       -  - 

4 

2 

85 

21 

10 

Cambridge  -       -  - 

2139 

4 

2 

81 

20 

10 

Revenge    -       -  - 

1954 

4 

2 

77 

19 

9 

Edinburgh  -       -  - 

1772 

4 

2 

73 

18 

9 

Southampton 

1476 

4 

2 

61 

15 

8 

Endymion  -       -  - 

1277 

4 

2 

53 

14 

7 

Stag  -      .       -  - 

1218 

4 

2 

50 

13 

6 

Thalia 

1082 

4 

2 

47 

12 

6 

Vestal  ... 

913 

4 

2 

38 

10 

5 

Dido  -       -       -  - 

731 

4 

2 

31  • 

9 

5 

Volage  - 

516 

4 

2 

27 

8 

4 

Columbine  - 

492 

4 

2 

23 

7 

4 

Cygnet  ... 

350 

4 

2 

18 

6 

3 

Nautilus  - 

233 

4 

2 

13 

5 

3 

Small  brigs 

3 

1 

11 

4 

2 

Cutters  ... 

2 

1 

9 

3 

2 

Steam  Frigates. 


Name  of  Ship. 

Tonnage. 

Number. 

Weight. 

Bower. 

Stream. 

Kedge. 

Bower. 

Stream. 

Kedge. 

Tons. 

Cwt. 

Cwt. 

Cwt. 

Terrible     -       -  - 

1847 

4 

3 

56 

14 

7 

Retribution 

1641 

4 

3 

52 

13 

6 

Penelope  ... 

1616 

4 

3 

52 

13 

6 

Avenger  ... 

1444 

4 

3 

35 

11 

6 

Sampson  ... 
Cyclops     -       -  - 

1297 

4 

3 

35 

U 

6 

1195 

4 

.3 

33 

10 

5 

Steam  Sloops. 

Inflexible  - 

1124 

4 

1 

3 

32 

10 

5 

Virago  ... 

1059 

4 

1 

3 

30 

10 

5 

Medea  ... 

835 

3 

1 

3 

28 

9 

5 

Hecla  ... 

817 

3 

1 

3 

26 

8 

5 

Ardent  ... 

801 

3 

1 

3 

23 

7 

4 

Volcano     -       -  - 

720 

3 

1 

3 

21 

7 

4 

Steam 

Gun-  Vessels. 

Sydenham  .      .  - 

696 

3 

1 

3 

20 

6 

4 

Spitfire  ... 

430 

3 

1 

3 

16 

6 

4 

Porcupine  -       -  - 

382 

3 

1 

3 

13 

5 

Harp  .... 

345 

3 

1 

3 

11 

4i 
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Lloyd's  Regulation  for  the  Number  and  WeightT  of  Anchors  for  Merchant  Vessels. 


Ship's 
Tonnage. 

Bower. 

S  tream. 

Ivedge. 

Bower, 
Wood  Stock. 

Bower, 
Iron  Stock. 

Stream. 

Kedge. 

Second 
Kedge. 

Tons. 



Cwt. 

Cwt. 

Cwt. 

Cwt. 

Cwt. 

50 

2 

1 

1 

3 

4 

U 

75 

2 

1 

1 

4 

5 

1  "5 

100 

2 

1 

1 

5 

7 

150 

1 

1 

8 

10 

cx  1 

200 

3 

1 

i 

10 

12 

4^ 

250 

3 

1 

2 

13 

15 

5 

3 

300 

3 

1 
I 

J, 

15 

17 

6 

350 

3 

1 

2 

17 

20 

400 

3 

1 

2 

19 

22 

Ik 

500 

3 

1 

2 

23 

26 

9 

600 

3 

1 

2 

26 

30 

10 

5 

4 

700 

3 

1 

2 

29 

34 

11 

800 

3 

1 

2 

31 

36 

12 

6 

3 

900 

3 

1 

2 

33 

39 

12 

H 

3? 

1000 

3 

1 

2 

35 

41 

12 

H 

3; 

1100 

3 

1 

2 

37 

44 

12 

7 

3; 

1200 

3 

1 

2 

39 

46 

12 

7A 

3| 

1400 

3 

1 

2 

41 

48 

12 

7i 

4 

1600 

3 

1 

2 

43 

50 

14 

8| 

4 

1800 

3 

1 

2 

45 

52 

14 

8^ 

2000 

4 

1  j 

2 

47 

54 

14 

9 

ANCHOVY.  {Anchois,  Fr. ;  Acciuyhe,  It.;  Anschove,  Germ.)  The  Cltipea  en- 
crasicolus  of  Linnaeus,  a  small  fish,  common  in  the  Mediterranean  Sea,  employed  in 
the  manufacture  of  anchovy  sauce.  The  Gorgona  anchovy  is  considered  the  best. 
Sardines  are  sometimes  substituted  for  anchovies. 

ANDIRONS,  or  HAND-IRONS,  also  called  Firedogs.  Before  the  introduction 
of  raised  and  close  fireplaces  these  articles  were  in  general  use.  Strutt,  in  1775,  says, 
"These  awndirons  are  used  at  this  day,  and  are  called  'cob-irons';  they  stand  on 
the  hearth,  where  they  burn  wood,  to  lay  it  upon  ;  their  fronts  are  usually  carved, 
with  a  round  knob  at  the  top  ;  some  of  them  are  kept  polished  and  bright :  anciently 
many  of  them  were  embeUished  with  a  variety  of  ornaments." 

ANEMOMETER  (Sve/ios,  wind ;  ixerpiw,  to  measure).  An  instrument  or  machme 
to  measure  the  wind,  its  direction  and  force.  Three  descriptions  of  anemometers  are 
now  usually  employed  — 1,  Dr.  Whewell's  ;  2,  Mr.  Follett  Osiers;  3,  Dr.  Robmson's 
This  is  not  the  place  to  describe  either  of  those  most  mgenious  instruments,  a  full 
account  of  which  will  be  found  in  the  "  Transactions  of  the  British  Association"  and 
of  the  "  Royal  Irish  Academy."  .  t,t  ir- t    ct,  ■ 

ANEROID  BAROMETER.  This  instrument  was  invented  by  M.  Vidi,  of  Pans. 
In  its  latest  form  it  consists  of  a  cylindrical  case,  about  4  or  6  inches  in  diameter, 
and  2i  inches  deep,  in  which  lies  a  thin  metal  box,  near  to  and  parallel  with,  the 
curved  boundary  of  the  case,  its  two  ends  being  distant  about  half  an  inch  from  each 
other  From  this  box  the  air  has  been  partially  exhausted,  and  the  pressure  of 
oiuei.     ii""  ^j^p  external  atmosphere  on  it  causes  it 

to  alter  its  form.  The  accompanying 
figure  (64)  shows  a  section  of  this  box. 
It  is  made  of  thin  corrugated  plates  of 
metal,  so  that  its  elasticity  is  great.  By 
means  of  the  tube  F,  the  air  is  partially 
exhausted,  when  the  box  takes  the  form 
shown  by  the  dotted  lines.  A  small  quan- 
tity of  gas  is  introduced  after  exhaustion, 
the  object  of  which  is  to  compensate  for 
the  varving  elasticity  of  the  metal  at  diiferent  temperatures.  The  pressure  of  the  air  on 
thrboril  ord  miry  instruments  is  between  40  and  50  lbs.,  and  it  will  be  easily 
understood  tlmt  any  variation  in  this  pressure  will  occasion  the  distances  between  the 
two  nlates  to  varv  and  consequently  the  stalk  will  luive  a  free  motion  m  or  out. 
This  is  by  an  in^enTous  contd^  changed  fmm  a  vertical  motion  to  a  motion 
Jar  11  ^tolhc "re^of  and  this  is  converted  into  a  rotatory  one  b  t 

cation  of  a  watch-chain  to  a  small  cylmder  or  drum.     I  he  ougmal  ^ery  slight 
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motion  is  auffmented  by  the  aid  of  levers.  This  is  so  effectually  done,  that  when  the 
corrugated  surfaces  move  through  only  the  250th  part  of  an  mch  the  index  hand 
on  the  face  turns  over  a  space  of  three  inches.  The  extreme  portability  of  this  little 
instrument,  and  its  comparative  freedom  from  risk  of  injury,  renders  it  exceedingly 
useful  to  the  traveller.  Its  accuracy  is  proved  by  the  experiments  of  Professor  Lloyd, 
who  placed  one  under  the  receiver  of  an  air-pump,  and  found  that  its  indications 
corresponded  with  those  of  the  mercurial  guage  to  less  than  0  01  of  an  inch  ;  and 
within  ordinary  variations  of  atmospheric  pressure  the  coincidences  are  very  remark- 
able.—  Lloyd,  Nichol,  Drew. 

ANGELICA.  (^Angelique,  Fr.  ;  Angelika,  Germ.)  The  archangelica  officinalis. 
The  dried  angelica  root  is  imported  from  Hamburg  in  casks.  The  tender  stems, 
stalks,  and  the  midribs  of  the  leaves,  are  made,  with  sugar,  into  a  sweetmeat  (candied 
angelica).  The  angelica  root  and  seeds  are  used  by  rectifiers  and  compounders  in 
the  preparation  of  gin,  and  as  an  aromatic  flavouring  for  "  bitters."  It  is  cultivated 
in  some  moist  places  in  this  country.  In  1856  we  imported  231  tons  of  angelica 
root. 

ANGORA  WOOL.  {Foil  de  chevron  d' Angora,  Fr.)  Called  also  angola  and 
angona.  The  wool  of  the  Angora  goat  (  Capra  Angorensis),  employed  in  the  manu- 
facture of  the  shawls  of  Cashmere,  &c.  This  is  obtained  from  the  long-haired  goat 
of  Angora,  to  which  province  this  animal  is  peculiar.  Lieutenant  Conolly  has  given 
an  account  of  this  goat  and  some  other  varieties  :  — 

"  The  country  where  it  is  found  was  thus  described  to  us  — '  Take  Angora  as  a 
centre,  then  Kizzil  Ermak  (or  Haly's)  Chomgere,  and  from  8  to  10  hours'  march  (say 
thirty  mUes)  beyond ;  Beybazar,  and  the  same  distance  beyond,  to  near  Nalaban  ; 
Sevree,  Hissar,  Yoorrook,  Tosiah,  Costambool,  Geredeh,  and  Cherkesh,  from  the 
whole  of  which  tract  the  common  bristly  goat  is  excluded,  and  the  white-haired  goat 
alone  is  found.'  The  fleece  of  the  white  Angora  goat  is  called  ti/tiA  (the  Turkish  for 
goats'  hair),  in  distinction  to  yun,  or  yapak,  sheep's  wool.  After  the  goats  have  com- 
pleted their  first  year,  they  are  clipped  annually,  in  April  or  May,  and  yield  pro- 
gressively, until  they  attain  full  growth,  from  150  drachms  to  1^  oke  of  tiflik  (from 
1  lb.  to  4  lbs.  English)."  The  hair  of  the  tiftik  goat  is  exported  from  its  native  districts 
raw,  in  yarn,  and  woven  in  the  delicate  stufi's  for  which  Angora  has  been  long  cele- 
brated. The  last  are  chiefly  consumed  in  Turkey,  while  the  yarn  and  raw  material 
are  sent  to  France  and  England.  It  appears  that  the  first  parcels  of  Angora  wool 
were  shipped  from  Constantinople  for  England  in  1820,  and  was  so  little  appreciated 
that  it  fetched  only  \Qd.  the  pound.  The  exports  from  Constantinople  then  increased 
as  follows : — - 


1837    2261  „ 

1838    5528  „ 

"  Within  the  last  two  or  three  years,  a  new  texture  made  of  goats'  wool  has,  how- 
ever, beeu  introduced  both  into  France  and  this  country,  which  calls  for  particular 
attention.  This  texture  consists  of  stripes  and  checks  expressly  manufactured  for 
ladies'  dresses,  and  having  a  soft  feel  and  silky  appearance.  The  wool  of  which  tliis 
article  is  made  is  chiefly  the  wool  of  the  Angora  goat.  This  wool  reaches  us  through 
the  Mediterranean,  and  is  chiefly  shipped  at  Smyrna  and  Constantinople.  In  colour 
it  is  the  whitest  known  in  the  trade,  and  now  more  generally  used  in  the  manufacture 
of  fine  goods  than  any  other.  There  are,  however,  other  parts  of  Asiatic  Turkey 
from  which  limited  supplies  are  received  ;  but  in  quality  not  so  good  as  that  produced 
in  Angora.  After  the  manufacture  of  shawls  with  goats'  wool  declined  in  France, 
this  raw  material  remained  neglected  for  a  long  while.  About  two  or  three  years 
ago  (1852),  however,  the  French  made  another  attempt,  and  brought  out  a  texture 
for  ladies'  dresses  in  checks  and  stripes,  which  they  call  ' poil  de  chevre.'  The  warp 
IS  a  fine  spun  silk,  coloured,  and  the  weft  Angora  or  Syrian  white  wool,  which  was 
thus  thrown  on  the  surface.  This  article  has  a  soft  feel,  and  looks  pretty,  but  in 
wearing  is  apt  to  cut.  The  price  of  a  dress  of  French  manufacture  has  been  from 
21.  10s.  to  3/. ;  but  by  adopting  a  cotton  warp,  the  same  article  is  now  made  in 
England  and  sold  for  15s.  ;  and  it  is  found  that  the  cotton  warp,  as  a  mixture,  suits 
the  goats  hair  best,  '—iioulhey  on  Colonial  Sheep  and  Wools,  London  1852 
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1846.  1847.  1848.  1849.  1850. 
Goats' wool,  bales  -  5,231  7,023  5,468  13,254  12,884, 
In  1850  -we  imported  from  Turkey  2,574,724  lbs.,  the  computed  real  value  of  which 
■was  278,928/.  This  wool  has  been  imported  dutyfree  since  Gth  June,  1844.  Angora 
goats'  -wool  is  used  for  the  manufacture  of  plush,  and  for  coach  and  decorative  laces. 
It  is  also  used  extensively  for  buttons,  button-holes,  and  the  braidings  of  gentlemen's 
coats. 

It  is  equally  made  up  into  a  light  and  fashionable  cloth,  suited  for  paletots  and 
overcoats,  possessing  the  advantage  of  repelling  wet. 

In  France  this  article  is  now  applied  to  the  manufacture  of  a  new  kind  of  lace, 
which  in  a  great  measure  supersedes  the  costly  fabrics  of  Valenciennes  and  Chantilly. 
The  Angora  wool  lace  is  more  brilliant  than  that  made  from  silk,  and  costing  only 
half  the  price,  it  has  come  into  very  general  wear  among  the  middle  classes.  The 
same  material  is  also  manufactured  into  shawls,  which  sell  from  4/.  to  16?.  each. 
There  is  much  difficulty  in  ascertaining  the  quantity  of  Angora  wool  used  in  France, 
as  in  the  returns  it  is  mixed  up  with  the  wool  of  goats  of  Thibet,  all  being  entered  as 
poil  de  Cachemire.    See  Mohaib. 

ANILINE.  (C"H'N.  S,yn.  Phenylamine,  Cyanol,  Benzidam,  Crystallme.)  This 
organic  base  having  recently  met  with  an  important  application  in  the  arts,  in  the 
production  of  a  beautiful  dye-colour,  by  Mr.  "William  H.  Perkin,  a  short  descrip- 
tion of  the  methods  of  preparing  it,  and  of  some  of  its  characters,  becomes  necessary  ; 
though  for  details  of  its  most  interesting  relations  in  scientific  chemistry,  we  must 
refer  to  the  "Dictionary  of  Chemistry." 

Preparation. —  There  are  few  bodies  which  admit  of  being  prepared  in  a  greater 
variety  of  ways — all  of  them  interesting  in  tracing  the  chemical  history  of  this  most 
curious  body  ;  but  we  will  only  here  describe  that  one  which  might  be  most  advan- 
tageously carried  out  on  a  manufacturing  scale.  Probably  the  most  abundant  source 
of  aniline  is  the  basic  oil  of  coal  tar. 

The  oil  is  agitated  with  hydrochloric  acid,  which  seizes  upon  the  basic  oils  ;  after 
decanting  the  clear  liquor,  which  contains  the  hydrochlorates  of  these  oUs,  it  is 
evaporated  over  an  open  fire  until  it  begins  to  disengage  acrid  fumes,  which  indicate 
a  commencement  of  decomposition,  and  then  filtered,  to  separate  any  adhering  neutral 
compounds.  The  clear  liquor  is  then  decomposed  with  potash  or  milk  of  lime,  which 
liberates  the  bases  themselves  in  the  form  of  a  brown  oil,  consisting  chiefly  of  a 
mixture  of  aniline  (C-  H'  N),  and  leucol  or  quinoleine  (C^  W  N).  This  mixture  is 
submitted  to  distillation,  and  the  aniline  is  chiefly  found  in  that  portion  which  passes 
over  at  or  about  360°  F.  (182°  C.)  :  repeated  rectification  and  collection  of  the  product 
distilling  at  this  temperature  purifies  the  aniline;  but  to  complete  the  purification,  it  is 
well  to  treat  the  partially  purified  aniline  once  more  with  hydrochloric  acid,  to 
separate  the  bases  again  by  an  alkali,  and  then  to  rectify  carefully. 

The  violet  reaction  of  aniline  with  solution  of  bleaching  powder  enables  the 
operator  to  test  the  distillate  from  time  to  time,  to  ascertain  when  aniline  ceases  to 
pass  over,  since  leucol  does  not  possess  this  property.  —  fio/man?i. 

Aniline  may  also  be  obtained  in  quantity  from  indigo. 

"When  indigo-blue  (see  Indigo)  is  dissolved  by  the  aid  of  heat  m  a  strong  solution 
of  potash,  and  the  mass,  after  evaporation  to  dryness,  submitted  to  destructive  distilla- 
tion it  intumesces  considerably,  and  aniline  is  liberated,  which  condenses  in  the  re- 
ceiver in  the  form  of  a  brown  oil,  together  with  a  little  water  and  ammonia  disengaged 
with  it  The  aniline  is  purified  by  rectification,  as  in  the  method  before  described. 
By  this  process,  the  quantity  of  aniline  obtained  is  about  18  to  20  per  cent,  of  the 

'"""By^treatm^JiithVash,  the  indigo-blue  (C"ff  NO')  is  converted  into  phiysa- 
nilic  acid  and  anthranilic  acid  (C"H'NO'),  and  it  is  this  latter  body  which,  by 
destructive  distillation,  yields  carbonic  acid  and  aniline. 

H'  NO'  =      H'  N  +  2C0=. 
Nitrobenzole  {which  see)  may  be  converted  into  aniline,  either  by  the  action  of 
sulphuretted  hydrogen— 

IP  NO'  +  6HS  =  C'  H'  N  +  4H0  +  6S, 


Nitrobenzol.  Aniline, 
or,  more  conveniently,  as  has  been  recently  shown  by  M.  Bechamp,  by  the  action  of  a 

''I'orThrpi^pZthe  following  proportions  have  been  found  convenient  by  the 
writer  :  mix  in  a  «tort  \  lb.  of  iron  filings,  with  about  2  ounces  of  acetic  ""d  then 
Tdd  about  an  equal  volume  of  nitrobenzole.   After  a  few  minutes  a  brisk  effervescence 
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sets  in,  and  the  aniline  distils  over  together  with  water.  The  reaction  may  require 
to  be  aided  by  the  application  of  a  very  gentle  heat;  but  it  takes  place  with  the 
greatest  ease,  and  a  very  tolerably  sufficient  condensing  arrangement  should  be  em- 
ployed. The  aniline  having  so  nearly  the  density  of  water,  does  not  readily  separate 
on  the  surface,  but  the  addition  of  a  few  drops  of  ether,  which  dissolves  m  the  anilme, 
brings  it  to  the  surface.  It  may  then  be  decanted  off,  dried  by  standing  for  a  short 
time  over  chloride  of  calcium,  and  then  purified  by  rectification,  as  before  described. 

Piopeities.— Aniline  is  one  of  the  organic  basic  derivatives  of  ammonia.  In  fact, 
it  may  be  be  viewed  as  ammonia  in  which  one  equivalent  of  hydrogen  is  replaced  by 
the  compound  radical  Phenyl  (C-  H^),  thus  : — 

Q12  H» 

N 


Is 


Just  as  phenyl  is  one  of  a  series  of  homologous  radicals,  so  aniline  is  the  first  of 
a  series  of  homologous  bases,  in  which  the  one  equivalent  of  hydrogen  is  replaced  by 
these  radicals  respectively,  thus  : 

Homologous  Radicals.  Homologous  Bases. 

Phenyl  -       -       -    C'^         —    Aniline      -       -       -     N|  gJ^' 

Toluyl   -      -       -   C»H'    —    Toluidine  -       -       -  nI^'^^^' 

Xylyl    -       -       -    C'»H»     —    Xylidine     -       -  - 

r  pis 

Cumyl  -       -       -    C"H"    —    Cumidine    -       -       "  ^|h- 
Cymyl  -       -       .    C""  H"   —    Cymidine    -  -  n|*^ 


H" 
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When  pure,  it  Is  a  colourless  liquid  of  a  high  refractive  power,  density  r028,  and 
of  an  aromatic  odour.  It  is  slightly  soluble  in  water,  and  mixes  in  all  proportions 
with  alcohol  and  ether.  It  boils  at  360°  F.  (182°  C.)  It  dissolves  sulphur  and 
phosphorus  when  cold  and  coagulates  albumen.  It  has  no  action  on  litmus-paper, 
but  turns  delicate  vegetable  colours,  such  as  dahlia-petal  infusion,  blue. 

Its  basic  characters  are  well  developed  thus  : — it  precipitates  the  oxides  from  the 
salts  of  iron,  zinc,  and  alumina,  just  like  ammonia,  and  yields,  with  bichloride  of 
platinum,  a  double  salt  similar  to  ammonia,  the  platino-chloride  of  aniline  (C^  H' 
N,HCl,PtCI'),  which  on  ignition  is  entirely  decomposed,  leaving  only  a  residue  of 
platinum.  These  characters,  together  with  the  beautiful  blue  colour  which  it  strikes 
with  solution  of  bleaching  powder,  or  the  alkaline  hypochlorites  generally,  are  suffi- 
cient for  the  recognition  and  distinction  of  this  body. 

SiLTS  OP  Aniline. — Aniline  combines  with  acids  forming  a  long  series  of  salts 
which  are  in  every  respect  analogous  to  the  corresponding  salts  of  ammonia.  They 
are  nearly  all  soluble  and  crystallisable,  and  are  decomposed  by  the  mineral  alkalis 
with  liberation  of  aniline.  They  are  generally  colourless,  but  become  red  by  expo- 
sure to  the  air. 

Sulphate  of  Aniline.  (C"'  H'  N;  HO,  SO^— This  salt  is  employed  in  the  manu- 
facture of  Mr.  Perkin's  aniline  colours.  It  is  prepared  by  treating  aniline  with 
dilute  sulphuric  acid,  and  evaporating  gently  till  the  salt  separates.  It  crystallises 
from  boiling  alcohol  in  the  form  of  beautiful  colourless  plates  of  a  silvery  lustre,  for 
the  salt  is  scarcely  at  all  soluble  in  cold  alcohol.  It  is  very  soluble  in  water,  but 
insoluble  in  ether. 

The  crystals  redden  by  exposure  to  the  air ;  they  can  be  heated  to  the  boiling  point 
of  water  without  change,  but  when  ignited  they  are  charred  with  disengagement  of 
aniline  and  sulphurous  acid. 

Oxalate  of  Aniline.  (C"  IF  N  ;  HO,  O^)  —  This  is  one  of  the  best  defined 
salts  of  aniline :  it  separates  as  a  crystalline  mass  on  treating  an  alcoholic  solution  of 
oxalic  acid  with  aniline.  It  is  very  soluble  in  hot  water,  much  less  so  in  cold,  only 
slightly  soluble  in  alcohol,  and  insoluble  in  ether. 

A  large  number  of  other  salts  are  known.    The  hydrochlorate,  hydrobromate 
hydriodate,  nitrate,  several  phosphates,  citrate,  tartrate,  &c.  &c. ;  but  they  are  of 
purely  scientific  interest.    The  same  remark  applies  to  the  various  products  of  thes 
decomposition  of  aniline,  which  have  been  so  ably  investigated  by  Fritzche  Zinin 
Hoimann,  Gerhardt,  and  other  chemists.  '  * 

.^■^PPl{^"}'0''-—^^'^^ra.l  most  beautiful  colours  for  dyeing  silk  have  been  prepared  bv 
Mr  William  H.  Perkin,  of  Greenford  Green,  near  Harrow,  from  certain  salts  of 
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aniline,  -(vhich  arc  of  different  shades  of  violet,  some  more  approaching  purple,  others 
more  pink.  They  are  now  being  extensively  employed  in  dyeing  silk,  and  are  found 
to  be  far  finer  in  tint,  and  more  permanent,  than  any  other  known  dyes  of  a  similar 
colour.  The  processes  for  their  manufacture  have  been  patented  by  Mr.  Perkin. 
For  the  following  short  description  of  the  method  of  preparing  them,  we  are  indebted 
to  that  gentleman  : — 

'•  Take  equivalent  proportions  of  sulphate  of  aniline  and  bichromate  of  potash, 
dissolve  them  in  water,  mix,  and  allow  the  mixture  to  stand  for  several  hours.  The' 
-whole  is  then  thrown  upon  a  filter,  and  the  black  precipitate  which  has  formed  is 
washed  and  dried.  It  is  then  digested  with  coal-tar  naphtha,  to  extract  a  brown 
resinous  substance,  and  finally  digested  with  alcohol  to  dissolve  out  the  colouring 

matter,  which  is  left  behind  on  distilling  off  the  spirit,  as  a  coppery  friable  mass  "  

H.  INI.  W.  ,  ' 

ANIME.  A  resin  of  a  pale  brown  yellow  colour,  transparent  and  brittle.  It 
exudes  from  a  large  American  tree,  called  by  Fiso,  jetaiba ;  and  by  the  Indians,  cour- 
baiil.  It  appears  to  be  a  species  of  hymenaa.  It  occurs  in  pieces  of  various  sizes, 
and  it  often  contains  so  many  insects  belonging  to  living  species,  as  to  have  merited 
its  name,  as  being  animated.  It  contains  about  a  fifth  of  1  per  cent,  of  a  volatile  oil, 
■which  gives  it  an  agreeable  odour.  Alcohol  does  not  dissolve  the  genuine  anime,  as 
I  have  ascertained  by  careful  experiments,  nor  does  caoutchoucine  ;  but  a  mixture 
of  the  two,  in  equal  parts,  softens  it  into  a  tremulous  jelly,  though  it  will  not  produce 
a  liquid  solution.  When  reduced  to  this  state,  the  insects  can  be  easily  picked  out, 
without  injury  to  their  most  delicate  parts.  (  Ure.)  On  the  contrary.  Dr.  R.  D.  Thom- 
son says,  anime  resin  is  distinguished  from  copal  by  its  ready  solubility  in  alcohol; 
and  that  when  digested  in  cold  alcohol  a  portion  remains  undissolved,  which  may  be 
dissolved  in  hot  alcohol,  from  which  it  crystallises  on  cooling.  Sir  R.  Kane  gives 
C"      O  as  the  composition  of  this  gmn-resin. 

The  specific  gravity  of  the  different  specimens  of  anime  varies  from  1-054  to  1-057. 
When  exposed  to  heat,  in  a  glass  retort  over  a  spirit  flame,  it  softens,  and,  by  careful 
management,  it  may  be  brought  into  liquid  fusion  without  discoloration.  It  then  ex- 
hales a  white  vapour  of  an  ambrosial  odoui-,  which  being  condensed  in  water,  and  the 
liquid  being  tested,  is  found  to  be  succinic  acid. 

It  is  extensively  used  by  the  varnish  makers,  who  fuse  it  at  a  pretty  high  heat,  and 
in  this  state  combine  it  with  their  oils  or  other  varnishes.  It  is  also  employed,  on 
account  of  its  agreeable  smell  when  burning,  in  the  manufacture  of  pastilles. 

ANISEED,  (^rez's,  Fr.;  fret's,  Germ.)  The  fruit  or  seed  of  the  pimpineZ/a  onwum, 
largely  cultivated  in  Malta,  Spain,  and  Germany ;  used  in  the  preparation  of  the  oil 
of  anise  {oleum  anisi),  the  spirit  of  anise  {spiritus  anisi),  and  anise  water  {aqua  anisi). 
It  is  also  used  in  cordials.  In  1855,  963  cwts.  were  imported.  The  oleum  badiani,  or 
the  oil  of  star  anise  (illicium  anisatuni),  has  the  colour  and  taste  of  the  oil  of  anise  ; 
but  it  preserves  its  fluidity  at  35-6°  F.  It  is  sometimes  fraudulently  substituted  for 
oleum  anisi. — Pereira. 

ANISIDINE.  (C*  NO^)  An  alkaloid  produced  by  the  action  of  reducing 
agents  (such  as  hydrosulphuric  acid  or  protacetate  of  iron)  on  nitranisole. — C.  G.  W. 

ANKER.  A  liquid  measure  of  Amsterdam,  -which  contains  32  gallons  English. 
During  the  war,  when  communication  with  Holland  was  constant,  and  sailors  and 
soldiers  were  constantly  passing  from  one  country  to  the  other,  the  anker  was  as  com- 
monly used  as  a  measure  in  our  seaports  as  in  those  of  Holland.  The  anker  of  brandy 
■was  frequently  smuggled  into  this  country, 

ANNEALING  or  NEALING.  (Ze  recuit,  Fr.;  das  Anlassen,  Germ.)  A  process 
by  which  glass  is  rendered  less  frangible  ;  and  metals  which  have  become  brittle, 
either  in  consequence  of  fusion  or  long-continued  hammering,  are  again  rendered 
malleable.  When  a  glass  vessel  is  allowed  to  cool  immediately  after  being  made,  it 
■will,  if  a  small  splinter  of  flint,  or  an  angular  fragment  of  quartz,  is  dropped  gently  into 
it  make  it  sometimes  immediately,  sometimes  after  a  few  minutes,  fly  to  pieces  with 
gi-eat  violence.  This  extreme  fragility  is  prevented  by  annealing,  or  placing  the 
vessels  in  a  hot  oven,  where  they  take  several  hours,  or  even  some  days,  to  cool. 

Similar  phenomena  are  exhibited  in  a  higher  degree  by  glass-tears,  or  Prince 
Rupert's  drops,  procured  by  letting  drops  of  melted  glass  fall  into  cold  water.  Their 
form  resembles  that  of  a  pear,  rounded  at  one  extremity,  and  tapering  to  a  very 
Slender  tail  at  the  other.  If  a  part  of  the  tail  be  broken  off,  the  whole  drop  flies  to 
pieces  with  a  loud  explosion  ;  and  yet  the  tail  of  a  drop  may  be  cut  away  by  a  glass- 
cutter's  wheel,  or  the  thick  end  may  be  struck  smartly  with  a  hammer,  without  the 
fear  of  sustaining  any  injury.  When  heated  to  redness,  and  permitted  to  cool 
gradually  in  the  open  air,  they  lose  these  peculiarities,  and  do  not  differ  sensibly  trom 
common  glass.  r  a 

The  peculiar  brittleness  of  unannealed  glass  is,  by  many  manufacturers,  reterrea  to 
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the  following  conditions.  The  exterior  surface  of  the  glass  cooling  quicker  than  the 
avers  of  glass  beneath,  the  two  portions  of  glass  are  supposed  to  be  in  different 
degrees  of  tension;  as  they  technicdly  express  it,  a  stretched  shn  of  glass  is  formed ; 
and  as  the  arrangement  of  the  particles  is  different  in  this  film  from  their  disposi- 
don  in  those  parts  which  have  cooled  more  slowly,  there  is  a  constant  tendency  to 
fracture,  the  slightest  scratch  upon  this  « skin "  disturbing  the  entire  molecular 

arransement.  ,  j-  ii,. 

If  any  mass  of  glass  or  of  metal  cools  rapidly,  there  wiU  be,  according  to  the 
thickness  of  the  mass,  a  greater  or  less  difference  between  the  arrangement  of  the 
constituent  particles  on  the  outer  and  inner  sections.  The  process  of  annealing 
secures  an  equal  arrangement  throughout  the  mass. 

When  metals  have  been  extended  to  a  certain  degree  under  the  hammer,  they 
become  brittle,  and  incapable  of  being  further  extended  without  cracking.  _  In  this 
case  the  workman  restores  their  malleability,  sometimes  by  annealing,  or,  in  other 
cases,  by  heating  them  red-hot  and  allowing  them  to  cool  slowly.  The  rationale  of 
this  process  seems  to  be,  that  the  hammering  and  extension  of  the  metal  destroys 
the  kind  of  arrangement  which  the  particles  of  the  metal  had  previous  to  the  ham- 
mering ;  and  that  the  annealing,  by  softening  the  metal,  enables  it  to  recover  its 
original  structure. 

Of  late  years  a  mode  has  been  discovered  of  rendering  cast  iron  malleable,  without 
subjecting  it  to  the  action  of  puddling.  The  process  is  somewhat  similar  to  that 
employed  in  annealing  glass.  The  metal  is  kept  imbedded  in  ground  charcoal,  or  in 
powdered  haematite,  for  several  hours  at  a  high  temperature,  and  then  allowed  to  cool 
slowly.  In  this  manner  vessels  are  made  of  cast  iron  which  can  sustain  considerable 
violence  without  being  broken.    See  Iron,  Malleable. 

ANTHRACITE,  (fivdpa^,  coal.)  A  variety  of  coal  containing  a  larger  propor- 
tion of  carbon  and  less  bituminous  matter  than  common  coal. — De  la  Beche. 

"  We  see  the  same  series  of  coal  beds  becoming  so  altered  in  their  horizontal 
range,  that  a  set  of  beds  biluminous  in  one  locality  is  observed  gradually  to  change 
into  anlliracitic  in  another.  Taking  the  coal  measures  of  South  Wales  and  Monmouth- 
shire, we  have  a  series  of  accumulations  in  which  the  coal  beds  become  not  only  more 
anthracitic  towards  the  west,  but  also  exhibit  this  change  in  a  plane  which  may 
be  considered  as  dipping  S.  S.  E.  at  a  moderate  angle,  the  amount  of  which  is  not  yet 
clearly  ascertained,  so  that  in  the  natural  sections  afforded  we  have  bituminous  coals 
in  the  high  grounds  and  anthracitic  coals  beneath.  This  fact  is  readily  observed 
either  in  the  Neath  or  Swansea  valleys,  where  we  have  bituminous  coals  on  the  south 
and  anthracite  on  the  north ;  and  more  bituminous  coal  beds  on  the  heights  than 
beneath,  some  distance  up  these  valleys — those  of  the  Nedd  and  Tawe.  Though  the 
terms  bituminous  coal  and  anthracite  have  been  applied  to  marked  differences,  the 
changes  are  so  gradual  that  there  is  no  sudden  modification  to  be  seen.  To  some 
of  the  intermediate  kinds  the  term  'free  burning'  has  been  given,  and  thus  three  chief 
differences  have  been  recognised." — Memoirs  of  the  Geological  Survei/. 

The  term  cvlm  is  applied  both  to  an  inferior  kind  of  anthracite  and  to  the  small 
pieces  of  good  anthracite  obtained  in  working  the  true  anthracite  beds,  the  larger 
pieces  of  the  same  coal  being  termed  anthracite.  Some  beds  of  inferior  anthracite 
are  only  worked  for  making  lime,  or  for  mixing  with  clay ;  it  is  then  usually  termed 
culm. 

Anthracite  coal  is  obtained  in  this  country,  at  Bideford,  in  Devonshire,  in  the 
Western  divisions  of  the  South  Wales  coal-field,  and  in  Ireland.  It  is  found  abun- 
dantly in  America.  Professor  H.  D.  Roger's  "  Transactions  of  American  Geologists" 
states  that  in  the  great  Apalachian  coal-field,  extending  720  miles,  with  a  chief  breadth 
of  180  miles,  the  coal  is  bituminous  towards  the  western  limit,  where  it  is  level 
and  unbroken,  becoming  anthracitic  towai'ds  the  south-  west,  where  it  is  disturbed. 
Anthracitic  coal  is  also  found  in  the  coal-fields  of  France,  especially  in  the  depart- 
ments of  Isere,  the  High  Alps,  Gard,  Mayenne,  and  of  Sarth;  about  42,271,000 
kilogrammes  ("of  2-2046  avoirdupois  pounds  each)  are  produced  annually.  Anthracite 
is  also  raised  in  Belgium. 

Anthracite  is  not  an  original  variety  of  coal,  but  a  modification  of  the  same  beds 
which  remain  bituminous  in  other  parts  of  the  region.  Anthracite  beds,  therefore, 
are  not  separate  deposits  in  another  sea,  nor  coal  measures  in  another  area,  nor  inter- 
polations among  bituminous  coals,  but  the  bituminous,  beds  themselves,  altered  into 
a  natural  coke,  from  which  the  volatile  bituminous  oils  and  gases  have  been  driven 
off. — J.  P.  Lesley,  on  Coal. 

Anthracite  —  now  extensively  used  for  iron-making,  steam-engines,  and  for 
domestic  purposes,  in  the  United  States  — was,  some  50  years  since,  regarded  as 
incombustible  refuse,  and  thrown  away. 
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The  analyses  of  bituminous  coals  show  the  following  composition  : — 

Bitumen, 

Carbon.        Volatile  Matter,  Ashei. 
and  Water. 

Birtley  Works,  Newcastle-on-Tyne  60'50  35-50  4-00 

Alfreton,  Derbyshire  -       -       -       -       52*46  42'50  2*04 

The  following  analyses  of  anthracite  will  sufficiently  show  the  chemica. 
differences :  — 

Analyses  of  Anthracite. 


Locality. 

Name  of  Coal. 

Carbon. 

Volatile 
Matter. 

Ashes. 

JNeatti  ADoey 

JT  wiieruu  V  ein,  ocn  ueu  - 

91 '08 

8-00 

0-92 

Swansea 

Peacock  Coal       .       .  - 

89-00 

7-50 

3-50 

Ystalyfera  - 

Brass  Vein  -       -       -  . 

92*46 

6-04 

1-50 

Cwm  Neath - 

Nine- feet  Vein     -       -  . 

93-12 

5-22 

1-50 

France 

Anthracite,  common 

79-15 

7-37 

13-25 

»i  ■ 

Cote-d'or     .       -       -  . 

82-60 

8  60 

8-80 

)j  " 

Mais  Saize  -       -       .  . 

83-80 

7-50 

9-50 

Pennsylvania 

Beaver  Meadow   -       -  - 

92-30 

6-42 

1-28 

)»       "  " 

Shenoweth  Vein  -       -  - 

94-10 

1-40 

4-50 

»j        "  " 

Black  Spring  Gap 

Nealey's  Tunnel  -       -  . 

80-57 

7-15 

3-28 

»»       "  ~ 

89-20 

5-40 

5-40 

Massachusetts 

Mansfield  Mine    -       -  - 

97-00 

3-00 

Rhode  Island 

Portsmouth  Mine  -       -  . 

85-84 

10-50 

3-66 

Westphalia  - 

Schafberg,  Alexander  seam  - 

82-02 

8-69 

9-29 

This  peculiar  and  valuable  fossil  fuel  is  found  in  various  parts  of  the  old  and  new 
continent,  as  shown  by  the  following  lists,  for  which  we  are  mainly  indebted  to  the 
American  publication,  Statistics  of  Coal,  by  Taylor. 

Localities  of  Anthracite  and  Anthracitous  Coal. 


EUROPE. 

South  Wales : —  Swansea      .       -      -  - 
Cyfarthfa  .... 
Yniscedwin  -       -       .  - 
Average  .      .       .  - 

Ireland,  mean 
France  : —  Allier  - 

Tantal  

Brassac       .       .      -      -  . 
Belgium:  —  Mons        .       .       .       -  - 
Westphalia  ------- 

Prussian  Saxony  ------ 

Saxony 

Average  of  Europe  -       -       .       -  . 

AMERICA. 

Pennsylvania : —  Lykens  Valley    -  . 

Lebanon  co.,  grey  vein 
Schuylkill  co.,  Lorberry  Creek 
Pottsville,  Sharp  Mountain  - 
„  Peach 
„         Salem  Vein  - 
Tamaqua,  north  vein  - 
Maunch  Chunk  - 
Nesquehoning 
Wilkesbarre,  best 
West  Mahoney  - 
Beaver  Meadow  - 
Girardville  - 
Hazelton     -  _  - 
Broad  Mountain  - 
Lackawanna 

Massachusetts :— Mansfield  - 

Rhode  Island  : —  Portsmouth 
Average  in  United  States  - 


Specific 
Gravity, 
1-263 
1-337 
1-354 
1-445 
1-445 
1-380 
1-390 
1-430 
1-307 
1-305 
1-466 
1-300 


Weight  of  a 
cubic  yard  in  lbs. 

-  2131 

-  2256 

-  2284 

-  2278 

-  2376 

-  2207 

-  2283 

-  2413 

-  2105 
.  2278 

-  2474 

-  2193 
.  2281 


-  1 


1-327 
1-379 
1-472 
1-412 
1-446 
1-574 
1-600 
1-550 
558 
1-472 
1-371 
1-600 
1-600 
1-550 
1-700 
1-609 
1-710 
1-810 


2240 
2327 
2484 
2382 
2440 
2649 
2700 
2615 
2646 
2884 
2313 
2700 
2700 
2615 
2869 
2715 
2882 
3054 
2601 
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The  calorific  value  of  anthracite  coal  is  well  shown  by  the  following  results  from 
Dr.  Fyfe's  experiments  to  compare  Scotch  and  English  bituminous  coals  with 
anthracite,  in  regard  to  their  evaporative  power,  in  a  high-pressure  boiler  of  a  4-horse 
engine  having  a  grate  with  8-15  square  feet  of  surface;  also  m  a  waggon-shaped 
copper  boiler,  open  to  the  air,  surface  18  feet,  grate  1"55 


Kind  of  Fuel 

burnt  per 
the  (Kate. 

«  u 
3 

ture  of  the 
ster. 

f  Water  at 
m  1  lb.  of 
oal. 

r  Hour  on 
e  Foot  of 
rate. 

Seconds  of 
ng  1  lb.  of 
oal. 

employed. 

Founds 
Hour  on 

Duratic 
Trial  ii 

p. 
B 

Pounds  of 
porated 

initial  Te 
h;  1  lb. 

o  So 
a* 

co 

§2 
&" 

Time  in 
consumi: 
C 

Middlerig  Scotch 

coal. 
Scotch  coal,  dif- 

81-33 

9 

46° 

6-66 

7-74 

10-00 

44-27 

108 

5 

170 

6-62 

6-89 

13-25 

33-33 

ferent  variety 

from  preceding. 

10-10 

5-88 

75-09 

Antiiraoitb  -  - 

47-94 

45 

8-73 

Scotch  coal,  from 

8-24 

84 

50 

5-38 

6-90 

'  5-31 

436-89 

near  Edinburgh. 

English  bitumi- 

6-07 

8-4 

50 

7-84 

9-07 

3-91 

503-08 

nous  coal. 

|I"S 

O  E  O  ai 

5-°,°  8 

Is'" 


3-15 
3-06 


Pressure  17  lbs. 
per  sq. inch. 
Ditto. 


Ditto. 
Low  pressure, 
open  copper 
boiler. 

Ditto. 


Space  will  not  admit  of  our  entering  fully  into  the  question  of  the  evaporative 
power  of  anthracite ;  but  its  advantages  under  certain  conditions  are  fully  established. 

In  this  country  anthracite  coal  is  used  in  the  manufacture  of  iron  in  the  following 
furnaces :  — 

Blast  Furnaces  making  Iron  from  Anthracite. 


No. 

Names  of  Works. 

Owners. 

Furnaces 
built. 

Furnaces 
in  blast. 

Furnaces 
in  bliist  in 
District. 

Glamorganshike. 

1 

Aberdare,  Abernant, 

Aberdare  Iron  Com- 

3 

3 

and  Llwydcoed. 

pany. 

2 

Banwen  .       -  - 

Out  of  blast 

2 

0 

3 

Onllwyn  or  Brin 

L.  Llewellyn 

2 

1 

4 

Venalt    -      .  - 

Aberdare  Iron  Com- 

2 

0 

pany. 

5 

Ystalyfera 

Ystalyfera  Iron  Co.  - 

10 

7 

11 

Beecknockshire. 

1 

Abercrave 

T.  Walters 

1 

1 

2 

Yniscedwin 

Yniscedwin  Iron  Co.  - 

7 

4 

5 

Caermarthenshire. 

1 

Bryn  Ammon  - 

L.  Llewellyn 

2 

2  ' 

2 

Gwendraeth 

T.  Watney  and  Co.  - 

2 

1 

3 

Trim  Saren 

E.  H.  Thomas  - 

2 

0 

3 

Pembrokeshire. 

1 

Sandersfoot 

Pembroke    Iron  and 

1 

0 

0 

Coal  Company. 

Total  furnaces  in 

blast  in  anthracite  distric 

ts  in  1857 

19 

Professor  W.  R.  Johnson,  of  Pennsylvania  College,  informs  us  that  fourteen  furnaces 
using  anthracite  for  the  production  of  iron  were  in  use  in  the  United  States. 
In  the  anthracite  districts  of  South  Wales  the  produce  was,  in  — 

1855  -       -       -     997,500  tons. 

1856  -       -       -      965,500  „ 

1857  -       -       -   1,485,000  „ 

The  fallowing  Table  shows  the  progress  of  production  in  America  of  anthracite 

from  1840  to  1857,  inclusive,  from  Schuylkill,  Lehigh,  and  Wyoming  ;  
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Year. 


Tons. 


Increase  per  Year. 
Tons. 


1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 


864,384 
950,973 
1,108,418 
1,263,598 
1,630,850 
2,013,013 
2,344,005 
2,882,300 
3,089,238 
3,217,641 
3,321,136 
4,329,530 
4,899,975 
5,097,144 
5,831,834 
6,486,097 
6,751,542 
6,431,379 


45,982 
86,589 
157,445 
155,180 
367,252 
382,163 
330,992 
538,595 
206,938 
128,403 
103,495 
1,008,394 
570,445 
197,169 
734,690 
664,263 
265,445 


320,163  decrease. 


Pottsville  Miners'  Journal. 


A  steady  increase  is  thus  shown  in  the  production  of  American  anthracite,  except- 
ing during  the  last  year.  This  decrease  may  be  readily  accounted  for  by  the 
general  depression  of  the  iron  and  other  manufactures. 

The  annual  consumption  of  anthracite  in  the  United  States  was  thus  stated  in  the 
Science  of  New  York  Exhibition  : — 


The  quantity  consumed  in  1856  is  stated  to  have  been  7,900,000  tons. 
ANTELOPE  HORN  is  used  occasionally  for  ornamental  knife  handles.  See 
Horn. 

ANTICHLORE.  A  term  employed  by  bleachers  to  the  means  of  obviating  the 
pernicious  after-effects  of  chlorine  upon  the  pulp  of  paper,  or  stuffs,  which  have  been 
bleached  therewith.  Manufacturers  have  been  in  the  habit  of  using  sulphite  of  soda, 
■whose  action  upon  the  adhering  bleaching  salt,  which  cannot  be  removed  by  wash- 
ing, gives  rise  to  the  formation  of  sulphate  and  hydrosulphate  of  soda  and  chloride  of 
sodium.    Chloride  of  tin  has  been  recommended  by  some  chemists  for  this  purpose. 

ANTI-GUGGLER.  A  small  syphon  of  metal,  which  is  inserted  into  the  mouths 
of  casks,  or  large  bottles  called  carboys,  to  admit  air  over  the  liquor  contained  in 
them,  and  thus  to  facilitate  their  being  emptied  without  agitation  or  a  guggling 
noise. 

ANTI-ATTRITION,  or,  ANTI-FRICTION  COMPOSITION.  Various  pre- 
parations have  been,  from  time  to  time,  introduced  for  the  purpose  of  removing,  as 
much  as  possible,  the  friction  of  machinery.  Black  lead,  or  plumbago,  mixed  with 
a  tenacious  grease,  has  been  much  employed.  Peroxide  of  iron,  finely  divided 
haematite,  &c.,  have  also  been  used. 

A  composition  employed  at  Munich  is  reported  to  have  been  used  with  success 
and  economy  to  diminish  friction  of  machinery.  It  consists  often  and  half  parts  of 
pure  hogs'  lard  fused  with  two  parts  of  finely  pulverised  and  sifted  plumbago.  The 
lard  is  first  to  be  melted  over  a  moderate  fire,  then  a  handful  of  the  plumbago  thrown 
in,  and  the  materials  stirred  with  a  wooden  spoon  until  the  mixture  is  perfect;  the 
rest  of  the  plumbago  is  then  to  be  added,  and  again  to  be  stirred  until  the  substance 
is  of  uniform  composition  ;  the  vessel  is  then  to  be  removed  from  the  fire,  the  motion 
being  continued  until  the  mixture  is  quite  cold.  The  composition,  in  its  cold  state, 
was  applied  to  the  pivots,  the  teeth  of  wheels,  &c.,  by  a  brush,  and  seldom  more  than 
once  in  24  hours.* 


1820  - 

1825  - 

1830  - 

1835  - 

1840  - 

18''45  - 

1850  - 

1853  - 


about 


330  tons. 


35,000  „ 

176,000  „ 

561,000  „ 

865,000  „ 

2,023,000  „ 

3,357,000  „ 

5,195,000  „ 


•  Ann.  des  Mines,  xi.  79. 
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Fenton's  Anti-friction  metal,  which  is  much  employed,  is  a  mixture  of  tm,  copper, 
and  spelter.  Its  advantages  are  stated  to  be  cheapness  in  first  cost,  low  specihc 
gravity,  being  20  per  cent,  lighter  than  gun  metal ;  and  being  of  a  more  unctuous  or 
soapv  character  than  gun  metal,  less  grease  or  oil  is  required. 

The  softer  metal  is  often  supported  by  brasses  cast  of  the  required  form,  the  tin 
alloy  being  cast  upon  them.  The  brasses,  or  bearings,  being  properly  tinned,  and 
an  exact  model  of  the  axle  having  been  turned,  the  parts  are  heated,  put  together  m 
their  relative  positions,  luted  with  plastic  clay,  and  the  fluid  anti-friction  metal  poured 
in,  which  then  becomes  of  the  required  form,  and  effectually  solders  the  brass. 

The  following  compositions  are  recommended  to  railway  engineers  as  having 
been  employed  for  several  years  in  Belgium.  In  those  cases  where  the  objects  are 
much  exposed  to  friction,  20  parts  of  copper,  4  of  tin,  0-5  of  antimony,  and  0-25  of 
lead.  For  objects  which  are  intended  to  resist  violent  shocks,  20  parts  of  copper,  6 
of  zinc,  and  1  of  tin.  For  those  which  are  exposed  to  heat,  17  parts  of  copper,  1  of 
zinc,  0-5  of  tin,  and  0-25  of  lead.  The  copper  is  added  to  the  fused  mass  containing 
the  other  metals. 

ANTIMONY.  {Antimoine,  Fr.;  Spieglanz,  or  Spiesglas,  Germ.)  The  only  ore 
of  this  metal  found  in  sufiScient  abundance  to  be  smelted  is  the  sulphide  or  sulphuret, 
formerly  called  crude  antimony. 

Antimony  occurs  with  numerous  ores  of  lead  and  silver,  of  nickel,  &c.,  but  the  most 
important  ore  of  antimony  is  the  sulphuret  (Stibnite,  or  Grey  Antimony),  which 
forms  the  chief  and  most  common  source  of  the  antimony  of  commerce,  and  of  the 
greater  number  of  the  pharmaceutical  preparations  of  that  metal.  Antimony  is  not  at 
present  produced  in  this  country,  but  in  the  last  century  it  was  mined  extensively. 

Antimony. — "Pendant  quelque  temps,  I'antimoine  a  ete  exploite  tres-activement  en 
Angleterre,  dans  les  comtes  de  CornouaLUes  et  de  Devon,  oil  la  mine  de  Huel  Boys 
produisait  annuellement,  vers  1775,  400  quintaux  metriques  de  metal.  Pendant 
quelque  temps  aussi,  de  riches  mines  d'antimoine  ont  ete  exploitees  en  Espagne,  dans 
la  province  de  la  Manche  :  aujourd'hui  elles  ne  donnent  plus  de  produits."  * 

Stibnite,  or  Grey  Antimony  Ore,  sometimes  occurs  compact,  but  usually  in  very 
long  prismatic  or  acicular  crystals,  or  in  a  fibrous  form.  It  is  of  a  lead  or  steel-grey 
colour,  sometimes  with  an  iridescent  lustre,  sectUe  and  flexible  when  in  thin  laminae. 
It  may  be  distinguished  from  a  similar  ore  of  manganese  by  its  perfect  diagonal 
cleavage  and  easy  fusibility.  Grey  antimony  is  composed  of  antimony  74,  sulphur 
26.  It  fuses  readily  in  the  flame  of  a  candle,  to  which  it  imparts  a  greenish  tint. 
On  charcoal,  in  the  flame  of  a  blowpipe,  it  gives  out  a  strong  smell  of  sulphur,  with 
white  fumes,  and  yields  a  white  slag.  When  pure,  it  is  perfectly  soluble  in  muriatic 
acid.    Its  specific  gravity  is  4-5. 

The  most  celebrated  localities  of  this  ore  are  Falsobanya,  Schemnitz,  and  Krem- 
nitz,  in  Hungary,  where  it  occurs  in  diverging  prisms  several  inches  long.  It  is  also 
found  in  the  Hartz,  at  Andreasberg,  in  Hungary,  in  Cornwall,  at  the  old  Trewetha 
mine,  aad  abundantly  in  Borneo. 

This  ore  was  called  by  the  ancients  ir\aTv6<p6a7\nov  —  TrKarvs,  broad,  cxpeaXiibs,  eye 
—  from  the  use  to  which  it  was  applied  in  increasing  the  apparent  size  of  the  eye,  as 
is  still  practised  among  oriental  nations,  by  staining  the  upper  and  under  edges  of  the 
eyelids.  It  was  also  used  as  a  hair  dye  and  to  colour  the  eyebrows. 

It  was  the  Lupus  Metallorum  of  the  alchemists.  Crude  antimony  is  obtained  from 
it  by  simple  fusion,  and  from  this  product  the  pure  metal  is  extracted. 

The  other  principal  ores  of  antimony  are  the  following:  — 

Native  Antimony  is  a  mineral  of  a  tin-white  colour  and  streak  and  a  metallic 
lustre,  and  sometimes  contains  silver,  iron,  and  arsenic,  with  which  last  it  is  com- 
monly associated.  It  is  brittle,  and  possesses  a  specific  gravity  of  6-62  to  6-72.  It  is 
generally  lamellar,  sometimes  botryoidal,  or  reniform.  Before  the  blowpipe  it  soon 
melts,  and  continues  to  burn  after  the  heat  is  removed  ;  but  if  the  heat  be  continued,  it 
evaporates  in  white  fumes,  and  is  redeposited  round  the  globule. 

Native  antimony  occurs  at  Sahlburg  in  Sweden,  Andreasberg  in  the  Hartz,  AUe- 
mont  in  Dauphiny,  in  Mexico,  &c. 


•  Encyclopedic  Nouvelle.   Paris,  1839, 
M  4 
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Arsenical  Anlimomj  also  occurs  at  Allemont,  in  the  Hartz,  and  elsewhere  in  roni 
lorm  and  amorphous  masses,  with  a  finely  granular  or  a  curved  lamellar  structure" 
It  is  composed  of  arsenic  62-15,  antimony  57-85.    It  possesses  a  metallic  lustre  and 
a  reddish-grey  or  tin-white  lustre.    Its  specific  gravity  is  6-2.  ' 

Oxide  of  Antiviony  (Cervantite)  occurs,  associated  with  grey  antimony  fof  which 
It  IS  an  altered  form),  at  Cervantes,  in  Spain,  in  Hungary,  and  the  Auvergne  It  is 
found  in  octahedral  crystals,  and  in  radiating  fibrous  crystals  in  the  province  of 
Constantina,  in  Algeria  (Senarmontite),  also  at  Perneck,  in  Hungary  It  occurs  as  a 
crust  or  powder,  or  in  acicular  crystals,  with  a  greasy  or  earthy  lustre,  and  of  a  pale 
yel  ow  or  nearly  white  colour.  Specific  gravity  =  40-8.  It  is  composed  of  antimony 
80-1,  oxygen  19-9;  but  frequently  it  contains  an  admixture  of  iron,  carbonate  of 
Jime,  &c.    It  IS  soluble  in  muriatic  acid. 

W/nle  Antimony  {Vakntinile)  is  the  result  of  the  alteration  of  grey  antimony 
native  antimony,  and  other  ores  of  that  metal.  It  possesses  a  shining  pearly  lustre 
and  a  snow-white  colour,  but  is  sometimes  pinkish,  or  ash-grey,  or  brownish  It 
atloi-ds  a  white  streak.  It  is  composed  of  antimony  84-32,  oxygen  15-68  Specific 
gravity  =  5-56.  It  is  found  in  tabular  crystals  in  veins  traversing  the  primary  rocks 
at  Przibram  in  Bohemia,  near  Freyberg  in  Saxony,  Allemont  in  Dauphiny,  &c. 

Ked  Antimony  {Kermesite)  is  a  compound  of  oxide  of  antimony  30  2,  and  sulphide 
of  antimony  69-8,  or  antimony  74-45,  oxygen  5-29,  and  sulphur  20-49. 

It  occurs  generally  in  capillary  six-sided  prismatic  crystals  of  a  cherry-red  colour 
afiording  a  brownish-red  streak.    It  has  a  specific  gravity  of  from  4-5  to  4-6. 

It  IS  feebly  translucent,  and  possesses  an  adamantine  lustre.  It  occurs  at  Walaczka 
in  Hungary,  Braunsdorf  in  Saxony,  and  at  Allemont  in  Dauphiny. 

In  treating  the  ores  to  obtain  the  metal,  the  first  object  is  to  separate  the  gangue, 
which  was  formerly  done  by  filling  crucibles  with  the  mixed  materials,  placing  them' 
on  the  hearth  of  an  oven,  and  exposing  them  to  a  moderate  heat.  As  the  sulphide 
easily  melts,  it  ran  out  through  a  hole  in  the  bottom  of  the  crucible  into  a  pot 
placed  beneath,  and  out  of  the  reach  of  the  fire.  But  the  great  loss  from  the  breakage 
of  the  crucibles  has  caused  another  method  to  be  adopted.  In  this  the  broken  ore, 
being  sorted,  is  laid  on  the  bottom  of  a  concave  reverberatory  hearth,  where  it  is 
reduced. 

Figs.  65  and  66  represent  a  wind  or  flame  furnace,  for  the  reduction  of  antimony. 

The  hearth  is  formed  of 

66 


i 

I 
J 


sand  and  clay  solidly  beat 
together,  and  slopes  from 
all  sides  towards  the 
middle,  where  it  is  con- 
nected with  the  orifice  a, 
which  is  closed  with  dense 
coal-ashes;  b  is  the  air 
channel  up  through  the 
bridge ;  c,  the  door  for 
introducing  the  prepared 
ore,  and  running  off  the  slags ;  d,  the  bridge  ;  e,  the  grate ;  /,  the  fire  or  fuel-door  ; 
g,  the  chimney.  With  2  or  3  cwts.  of  ore,  the  smelting  process  is  completed  in  from 
8  to  10  hours.  The  metal  thus  obtained  is  not  pure  enough,  but  must  be  fused  under 
coal  dust,  in  portions  of  20  or  30  pounds,  in  crucibles  placed  upon  a  reverberatory 
hearth. 

To  obtain  antimony  free  from  iron,  it  should  be  fused  with  some  antimonic  oxide 
in  a  crucible,  whereby  the  iron  is  oxidised  and  separated.  The  presence  of  arsenic 
in  antimony  is  detected  by  the  garlic  smell,  emitted  by  such  an  alloy  when  heated  at 
the  blowpipe ;  or,  better,  by  igniting  it  with  nitre  in  a  crucible  ;  in  which  case 
insoluble  antimonite  and  antimoniate  of  potash  will  be  formed  along  with  soluble 
arseniate.  Water  digested  upon  the  mixture,  filtered,  and  then  tested  with  nitrate  of 
silver,  will  afford  the  brown-red  precipitate  characteristic  of  arsenic  acid. 

According  to  Berthier,  the  following  materials  afford,  in  smelting,  an  excellent 
product  of  antimony.  From  100  parts  of  sulphide,  60  of  protoxide  of  iron  from  the 
shingling  or  rolling  mills  {hammerschlag),  45  to  50  of  carbonate  of  soda,  and  10  of 
charcoal  powder,  from  65  to  70  parts  of  metallic  antimony  or  regulus  should  be 
obtained.  Glauber  salts  may  be  used  advantageously  instead  of  soda.  Another  for- 
mula is,  100  parts  of  sulphide  of  antimony,  42  of  metallic  iron,  and  10  of  dry  sulphate 
of  soda.    The  product  thence  is  said  to  be  from  60  to  64  parts  of  metal. 

In  the  works  where  antimonial  ores  are  smelted,  by  means  of  tartar  (argol, 
bitartrate  of  potash),  the  alkaline  scoriro  which  cover  the  metallic  ingots  are  not 
rejected  as  useless,  for  they  hold  a  certain  quantity  of  antimonial  oxide  in  corabimition 
r— a  property  of  the  potash  flux  which  is  propitious  to  the  purity  of  the  metal.    1  hcse 
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.   „p  cnlTiliiflp  of  Dotassium  and  antimoniate  of  potash,  being  treated 

wkh  wa^  Se%o^'^^^^^^  the  elements  of  the  water  act  on 

hoL  of  tiirsuTphide,  the  resulting  alkaline  hydro-sulph.de  reacts  on  the 
In  InLtludorso'as  to  form  a  species  of  l'^^"-^ Z'^^' ^^^^ l^:ZToi 
This  is  dried,  and  sold  at  a  low  price  as  a  veterinary  medicine  under  the  name  ot 
kermes,  by  the  dry  way. 

At  Malboac,  in  the  department  of  Ar- 
dfiche,  in  France,  the  separation  of  the 
sulphide  of  antimony  from  its  associated 
gangue  is  effected  by  means  of  a  pecu- 
liar apparatus  {seefiy.  67).  The  mineral 
is  placed  in  large  retorts,  br,  of  which 
four  are  set  in  each  furnace.  An  aper- 
ture is  left  at  the  bottom  of  each  of  these 
cylinders,  which  corresponds  witli  a 
similar  opening  by  which  they  are  sup- 
ported. Beneath  these,  in  the  cham- 
bers cc,  are  placed  earthen  pots,  pp,  in 
which  is  received  the  melted  sulphide  as 
it  descends  through  the  openings  in  the 
cylinders.  The  fuel  consumed  on  the 
grate  consists  of  fir  wood ;  and  the  sul- 
phide obtained  is  converted  into  metallic 
antimony  by  roasting  in  a  reverberatory 
furnace,  and  subsequent  reduction  by  a 
mixture  of  20  per  cent,  of  powdered 
charcoal  which  has  been  saturated  with  a  strong  solution  of  the  carbonate  of  soda. 

Metallic  antimony,  as  obtained  by  the  preceding  process,  is  the  antimony  of  com- 
merce, but  is  not  absolutely  pure  ;  containing  frequently  minute  portions  of  iron,  lead, 
and  even  arsenic,  the  detection  and  separation  of  which  belong  to  the  sciences  of 
chemistry  and  pharmacy  ;  but  considerable  purity  may  be  secured  by  fusing  the  metal, 
mixed  with  a  little  of  its  sulphide  and  some  carbonate  of  soda,  repeatedly  in  a  cru- 
cible. From  100  parts  of  the  impure  metal  in  this  way  94  of  pure  antimony  are 
obtained.  The  addition  of  sulphide  serves  the  purpose,  making  fluid  compounds  of 
the  sulphides  of  iron,  arsenic,  and  copper,  with  the  soda.  Wohler  purifies  antimony 
completely  from  arsenic  (not  from  iron  and  copper)  by  deflagrating  10  parts  of  the 
crude  ore  with  12  of  nitre  and  15  of  carbonate  of  soda  ;  washes  away  the  arsenic  salt, 
and  then  smelts  the  residuary  antimoniate  of  potash  with  black  flux.  Lead  can  be 
separated  only  by  the  humid  analysis. 

Antimony  is  a  brittle  metal,  of  a  silvery  white  colour,  with  a  tinge  of  blue,  a 
lamellar  texture,  and  crystalline  fracture.  When  heated  at  the  blowpipe,  it  melts  with 
great  readiness,  and  diffuses  white  vapours,  possessing  somewhat  of  a  garlic  smell.  If 
thrown  in  this  melted  state  on  a  flat  sheet  of  paper,  the  globule  sparkles  and  bursts 
into  a  multitude  of  small  spheroids,  which  retain  their  incandescence  for  a  long  time, 
and  run  about  on  the  paper,  leaving  traces  of  the  white  oxide  produced  during  the 
combustion.  When  this  oxide  is  fused  with  borax,  or  other  vitrifying  matter,  it 
imparts  a  yellow  colour  to  it.  Metallic  antimony,  treated  with  hot  nitric  acid  in  a 
concentrated  state,  is  converted  into  a  powder,  called  antimonious  acid,  which  is  alto- 
gether insoluble  in  the  ordinary  acid  menstrua — a  property  by  which  the  chemist  can 
separate  that  metal  from  lead,  iron,  copper,  bismuth,  and  silver.  According  to  Berg- 
mann,  the  specific  gravity  of  antimony  is  6-86;  but  that  of  the  purest  is  6-715.  The 
alchemists  had  conceived  the  most  brilliant  hopes  of  this  metal ;  the  facility  with 
which  it  is  alloyed  with  gold,  since  its  fumes  alone  render  this  most  ductile  metal 
immediately  brittle,  led  them  to  assign  to  it  a  royal  lineage,  and  distinguished  it  by 
the  title  of  regulus,  or  the  little  king. 

Its  chief  employment  is  in  making  the  alloys  called  type  metal,  stereotype  metal, 
music  plates,  and  Britannia  metal ;  the  first  consisting  of  6  of  lead  and  2  of  antimony ; 
the  second  of  6  of  lead  and  1  of  antimony  ;  the  third  of  lead,  tin,  and  antimony  ;  and 
the  fourth  also  of  lead,  tin,  and  antimony,  with  occasionally  a  little  copper,  bismuth, 
and  nickel.  Aiitimony  is  much  used  in  alloys  with  tin,  tin  and  lead,  and  in  some  cases 
copper,  in  various  proportions,  for  machinery  bearings,  instead  of  gun  metal.  In 
cases  of  rapid  and  continuous  revolution,  as  the  shafts  of  screw-steamers,  these  are 
found  much  better  than  gun  metal.  It  is  also  used  by  the  Ordnance  in  hardenine 
bullets  and  shot. —  Ure.  ° 

Melted  with  tin,  antimony  has  of  late  been  used  as  an  antifriction  alloy  for  railway 
axles,  and  other  bearings  ;  in  metallic  rings,  or  collars,  for  machinery.  As  this  alloy 
IS  not  so  much  heated  by  friction  as  the  harder  metals,  less  grease  is  consumed 
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French  Mines  in  1849  producing  Antimony. 


X/cparilUcUlBt 

Mines 
Worked. 

Mines 
Worked. 

Value  of  Products  of 
Regulus  of  Antimony, 
Sulpliuret  of  Antimony, 
Glass  of  Antimony 
(Crocus). 

Francs. 

Ard^che  ------ 

2 

6,400 

1 

Card  

3 

2 

12,240 

Haute-Loire       .       -       -       -  - 

4 

1,495 

Lozere 

2 

2 

12,648 

Puy-de-Dome     -       .       -       .  . 

4 

Sulphide  of  antimony  imported  into  France  in  French  ships  pays  a  duty  of 
11  francs  for  each  100  kilogrammes  ;  but,  if  in  foreign  vessels,  12  francs.  Metallic 
antimony  pays  a  duty  of  26  and  28  francs  for  60  centimetres. 

Antimony  has  been  found  in  Victoria,  the  antimony  ore  existing  near  Heathcote. 
Of  this,  Westgarth  says: — "The  antimony  ore  appears  to  be  unlimited  in  quantity; 
but  the  value  in  the  home  market,  of  from  9/.  to  10/.  per  ton,  will  not  admit  of  its 
being  touched  as  yet  by  the  eager  fingers  of  commerce,  nor  probably  for  some  years 
to  come.  This  resource,  like  many  others,  remains  for  the  railway  era." —  Westgarth's 
Victoria,  1857,  p.  114. 

Professor  Henry  Rose,  of  Berlin,  in  a  memoir  on  the  natural,  not  oxidised,  com- 
binations of  antimony  and  arsenic,  gives  the  following  analyses*: — 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Sulphur  - 

22-58 

21-95 

22-15 

22-53 

19-72 

16-42 

20-31 

17-04 

Antimony 

44-39 

39-14 

34-40 

34-9 

31-04 

14-68 

26-28 

5-09 

Lead       -       -  - 

31-84 

40-75 

36-71 

46-87 

40-84 

Silver      -       -  - 

36-40 

68-54 

64-29 

Copper    .       -  - 

0-42 

1-06 

0-13 

0-19 

0-64 

12-65 

9-23 

Iron 

0-62 

2-30 

2-65 

1-30 

0-06 

0-08 

3-74 

99-23 

99-17 

99-73 

96-17 

99-01 

100-28 

100-08 

100-15 

1.  Zinkenite,  from  the  Wolfsberg,  in  the  Eastern  Hartz. 

2.  Miargyrite,  from  BriiunsdorfF,  in  Saxony. 

3.  4.  Jamesonite,  from  Cornwall. 

5.  Plumose  Grey  Antimony,  from  the  "Wolfsberg,  in  the  Eastern  Hartz. 

6.  Brittle  Silver  Glance,  from  Schemnitz,  Hungary. 

7.  Bournonite,  from  the  Pfuffenburg  mine.  Eastern  Hartz. 

8.  Polybasite,  from  Mexico. 


Tartar  Emetic  (Antimonii  Tartarizattmi)  and  James's  Powder  (Pulvis  Antimonialis') 
are  preparations  of  this  mineral,    ^thiop's  Mineral  is  the  black  oxide  of  antimony. 

Our  Importations  of  Antimony  have  been  :— 

^  1855.  1856. 

Ores     -----    623  tons.  -       -    1750  tons. 

Qraie   639  cwts.  -       -    3121  cwts. 

Regulus        -       -       -       -     U    „     -       -    1004  „ 

ANTIMONY,  GLASS  OF.  This  substance,  according  to  M.  Soubeiran,  contains— 

Protoxide  of  antimony  91 '5 

Silica  *| 

Peroxide  of  iron  -  -  -  "  "  "iq 
Sulphuret  of  antimony       -----  i-'if 

101-1 


Brewstert  Edln.  Journ.  ii.  359;  Pogg.  Ann.  xr. 
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ANTISEPTICS.  (From  a^Tl.  against;  (r„7rTbs,  putrid. )   Substancesjvbich  prevent 
the  spontaneous  decomposition  of  animal  and  vegetable  substances.   These  are  chiefly 
he  SralTids-charcoal,  chloride  of  lime,  chlorine,  culinary  salt,  nitre,  sp.ces 
uta^  creosote!  and  yeast-^hich  operate  partly  by  inducing  a  change  m  the  animal 
o^veytable  fibres,  and  partly  by  combining  ^ith  and  rendering  the  aqueous  consti- 
tuent unsusceptibi;  of  decomposition.     See  Food;  Pboyisions,  cubing  of;  and 

PaESERVED  Meats.  ,    j,  ^  .        ^  e 

ANVIL.  A  mass  of  iron,  having  a  smooth  and  nearly  flat  top-surtace  ot  steel, 
upon  which  blacksmiths,  and  various  other  artificers,  forge  metals  wth  the  hammer. 
The  common  anvil  is  usually  made  of  seven  pieces  :  1,  the  core,  or  body ;  2,  3,  4,  5, 
the  four  corner-pieces,  which  serve  to  enlarge  its  base  ;  6,  the  projecting  end,  which 
has  a  square  hole  for  the  reception  of  the  tail,  or  shank  of  a  chisel,  on  which  iron  bars 
may  be  cut  through  ;  and  7,  the  beak,  or  horizontal  cone,  round  which  rods  or  slips 
of  metal  may  be  turned  into  a  circular  form,  as  in  making  rings.  These  six  pieces  are 
welded  separately  to  the  first,  or  core,  and  then  hammered  into  a  uniform  body.  In 
manufacturing  large  anvils,  two  hearths  are  needed,  in  order  to  bring  each  of  the  two 
pieces  to  be  welded  to  a  proper  heat  by  itself ;  and  several  men  are  employed  in 
working  them  together  briskly  in  the  welding  state,  by  heavy  swing  hammers.  The 
steel  facing  is  applied  by  welding  in  the  same  manner.  The  anvil  is  then  hardened 
by  heating  it  to  a  cherry  red,  and  plunging  it  into  cold  water — a  running  stream  being 
preferable  to  a  pool  or  cistern.  The  facing  should  not  be  too  thick  a  plate;  for,  when 
such,  it  is  apt  to  crack  in  the  hardening.  The  face  of  the  anvil  is  now  smoothed 
upon  a  grindstone,  and  finally  polished  with  emery  and  crocus,  for  all  delicate  pur- 
poses of  art. 

The  blacksmith,  in  general,  sets  his  anvil  loosely  upon  a  wooden  block,  and,  in  pre- 
ference, on  the  root  of  an  oak  tree.  The  cutlers  and  file  makers  fasten  their  anvils 
to  a  large  block  of  stone,  their  peculiar  work  rendering  it  an  advantage  to  have  the 
anvil  fixed  as  firmly  and  solidly  as  possible. 

The  whitesmith,  or  brightsmith,  when  working  at  the  anvil,  unless  the  piece  under  the 
hammer  should  be  very  light,  is  assisted  by  a  striker,  who  wields  a  sledge-hammer. 
In  forging  round  articles,  such  as  bolts,  axles,  &e.,  the  smith  makes  use  of  swages — 
pieces  of  steel  formed  somewhat  like  hammer-heads  —  with  a  groove  in  one  corre- 
sponding with  a  hollow  in  the  other.  In  forging  small  spindles,  the  boss,  or  lower 
piece,  is  permanently  fixed  upon  the  anvU.  For  convenience  in  managing  heavy 
articles,  a  crane  is  so  fixed  in  the  workshops,  that  the  arm  traverses  between  the  fire 
and  the  anvil. 

APPLE-TREE.  (Pyrus  malus.)  The  wood  of  the  apple-tree  is  much  used  in  the 
Tunbridge  turnery  manufacture,  and  the  millwright  employs  the  wood  of  the  crab- 
tree  for  the  teeth  of  mortise  wheels. 

APPLES.  The  fruit  of  the  Pyrus  malus  (apple-tree).  Employed  in  the  manu- 
facture of  cider  (which  see). 

Apples  (raw)  imported  in  1856: — 


Bushels. 

Computed  Real  A 

Hanover     -      .  - 

1,563 

£547 

Hanse  Towns 

8,813 

3,085 

Holland  - 

-  47,366 

16,578 

Belgium  - 

-  213,154 

74,604 

France  - 

-  216,220 

75,677 

Portugal    -       -  - 

2,731 

956 

United  States 

-  35,947 

25,162 

British  North  America 

3,294 

2,307 

Other  Parts 

2,204 

770 

531,291 

-  £199,686 

Duty  payable :  2rf.  per  bushel  when  of  British  possessions ;  3d.  per  bushel  when  not 
of  British  possessions. 

Apples  (dried): — 

Bushels.  Computed  Heal  Value. 

France       -       -       .       .  1,758~| 

United  States      -       -       -         255  -       -  £2,364 
Other  Parts       -       -       -         109  J 

Is.  per  bushel  duty  from  4th  June,  1853. 
•    APPLE  WINE.    Cider.    Winckler  finds  that  the  wine  from  apples  is  distin- 
guished from  the  wine  from  grapes  by  the  absence  of  bitartrate  of  potash  and  of 
ffinanthic  acid,  by  its  containing  a  smaller  amount  of  alcohol  and  more  tannin  but 
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especlaUy  by  the  presence  of  a  characteristic  acid,  which  he  regards  as  lactic  acid 
notwithstanding  that  this  opinion  is  not  confirmed  by  the  degree  of  solubility  of  its 
salts  with  oxide  of  zinc,  lime,  and  magnesia.    See  Cideb. 

AQUAFORTIS.  Nitric  acid,  somewhat  dilute,  was  so  named  by  the  alchymists 
on  account  of  its  strong  solvent  and  corrosive  operation  upon  many  mineral  vege- 
table, and  animal  substances.  It  is  still  employed  as  the  commercial  name  of  nitric 
acid.    See  Nitric  Acid. 

This  acid  has  usually  been  obtained  by  mixing  common  nitre  with  green  vitriol  or 
sulphate  of  iron,  and  distilling,  or  by  mixing  nitre  and  clay  or  siliceous  matter  and 
distilling  over  the  nitric  acid,  leaving  the  alkali  to  unite  with  the  earthy  base  ' 

It  may,  however,  be  usefully  borne  in  mind,  that  this  term  of  aquafortis,  or  strona 
water  of  the  old  chemist,  was  also  applied  to  solutions  which  answered  their  special 
purposes.  Thus  Salmon,  in  1685,  gives  the  composition  of  aquafortis  from  certain 
mixtures  of  acids,  not  nitric,  and  salts,  and  distinctly  refers  to  the  Pharmacopoeia  for 
the  other  kind.  This  may  be  of  service  when  applying  old  recipes  for  processes  in 
the  arts.    Aquafortis  did  not  always  mean  nitric  acid. 

AQUAMARINE  is  the  name  given  to  those  varieties  of  beryl  which  are  of  clear 
shades  of  sky-blue  or  greenish-blue,  like  the  sky.  It  occurs  in  longitudinally-striated 
hexagonal  crystals,  sometimes  a  foot  long,  and  is  found  in  the  Brazils,  Hindostan  and 
Siberia.    See  Beryl.  ' 

AQUA  REGIA.  Royal  water.  The  name  given  by  the  alchymists  to  that  mix- 
ture of  nitric  and  muriatic  acids  which  was  best  fitted  to  dissolve  gold ;  it  is  now 
called  nitro-muriatic  acid,  or  nitro-chlorohydric  acid,  or  hypochloro-nitric  acid. 

Aqua  regia,  prepared  under  different  conditions,  appears  to  give  different  results. 
Gay-Lussac  observed  that  aqua  regia,  when  heated  in  a  water-bath,  evolves  a  gaseous 
body  which,  dried  and  exposed  to  a  frigorific  mixture,  separates  into  chlorine  and  a 
dark  lemon-yellow  liquid,  boiling  at  70°  F.  This  yellow  liquid  was  found  to  contain 
69-4  per  cent,  of  chlorine,  the  calculated  quantity  for  the  formula,  NO^ CP,  being  70-2. 
Gay-Lussac  refutes  the  assertion  of  E.  Davy  and  Baudrimont,  that  the  properties  of 
aqua  regia  are  due  to  its  containing  a  compound  of  chlorine,  nitrogen,  and  oxygen, 
and  confirms  the  generally  received  view,  that  its  action  depends  upon  free  chlorine! 
From  the  vapour  evolved  in  the  action  of  aqua  regia  upon  gold,  a  liquid  may  be 
condensed  which  is  nearly  of  the  composition  NO^CP,  containing,  however,  no  free 
chlorine. 

AQUA  VIT  J5.  The  name  given  to  alcohol  when  used  as  an  intoxicating  beverage. 
It  has  been  the  aqua  mortis  to  myriads  of  the  human  race;  and  will,  probably,  ere  long 
destroy  all  the  native  tribes  of  North  America  and  Australia. 

Dr.  Ure's  definition  of  the  term  is  in  every  respect  strictly  correct ;  but  it  appears 
necessary  to  add  to  it  the  explanation,  that  it  is  derived  from  the  alchymists  who, 
having  obtained — in  all  probability  from  the  Arabian  physicians,  since  Avicenna  uses 
the  term  —  the  product  by  distillation  of  saccharine  fermentation,  al-koliol  (alcohol), 
gave,  upon  the  same  principle  as  guided  them  in  calling  the  nitro-muriatic  acid  aqua 
regia,  the  name  of  aqua  vitce  to  several  ardent  spirits;  and  it  has  been  retained  espe- 
cially with  reference  to  whisky  and  brandy. 

ARABIC,  GUM.  Chemists  have  been  disposed  to  divide  gums  into  three  varie- 
ties, to  which  they  have  given  the  names  of  Arabine,  cerasine,  and  dextrine. 

Arabine,  or  gum  Arabic,  exudes  from  several  species  of  acacia  and  prunus ;  it  is 
also  found  in  the  roots  of  the  mallow,  comfrey,  and  some  other  plants.  Gum  Arabic 
never  crystallises,  is  transparent,  and  has  a  vitreous  fracture.  It  dissolves  in  water  in 
all  proportions,  forming  mucilage.  Its  chemical  composition  is  expressed  by  the  for- 
mula, C'2H"0". 

ARAGONITE.  So  called  from  Aragon,  in  Spain,  where  it  was  first  discovered. 
A  carbonate  of  lime,  crystallised  in  rhombic  prisms,  or  in  forms  derived  from  the 
same.    See  Lime. 

AR  ANGOES.  A  species  of  beads  made  of  rough  camelian,  which  were  formerly 
imported  from  Bombay  for  re-exportation  to  Africa. 

ARBOR  DIANiE.    The  tree  of  Diana,  or  the  silver-tree.    See  Amalgam. 

ARBOR  YITM.  Several  species  of  thuja,  found  in  America  and  China,  are 
called  arbor  vita.  It  is  a  light,  soft,  and  fine-grained  wood,  which  is  used  in  several 
kinds  of  carpentry. 

ARCH.  As  this  dictionary  is  not  intended  to  include  articles  connected  with 
engineering  or  with  architecture,  it  would  be  out  of  place  to  describe  the  conditions 
required  to  ensure  the  stability  of  the  arch,  which  is  manifestly  one  of  great  importance 
to  the  practical  builder.  (For  the  theory  of  the  equilibrium  of  the  arch,  Gwilt's  treatise 
on  the  subject  should  be  consulted,  or  the  article  Arch,  "  Encyclopa;dia  Britannica.") 
It  simply  remains  to  define  the  arch  as  a  structure  of  stone  or  brick,  supported  by  its 
own  curve ;  or  of  wood  or  iron,  supported  by  the  mechanical  arrangements  of  the  work. 
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The  curvature  of  an  arch  may  vary  very  considerably.  Wtere  the  aich  is  low, 
the  circle  it  belongs  to  becomes  very  large  :  and  the  strength  of  arches  vaj-ie  greatly 
with  their  forms  ;  they  may  be  either  segments  of  a  circle,  a  parabola,  an  elhpse,  an 

^Th^iVL\rchltecfure  is  the  means  of  passing  from  one  pillar  to  another ;  and 
we  have  the  circular  form,  which  was  succeeded  by  the  pointed  arch,  and  all  Us 
modified  forms  of  foliation,  &c.  .  „     j  ..-l    »  i  ; 

ARCHERY  BOW.    These  are  divided  into  the  "single-piece  bow    and  the  cac/e 

or  union  bow."  , 
The  single-piece  bow  is  made  of  one  rod  of  hickory,  lance-wood,  or  yew-tree,  -whicn 
last,  if  perfectly  free  from  knots,  is  considered  the  most  suitable  wood. 

The  union  bow  is  made  of  two  or  sometimes  three  pieces  glued  together.  The 
"  back  "  piece,  or  that  furthest  from  the  string,  is  of  rectangular  section,  and  always 
of  lance- wood  or  hickory;  the  "belli/,"  which  is  nearly  of  semicircular  section,  is 
made  of  any  hard  wood  that  can  be  obtained  straight  and  clean,  as  ruby-wood,  rose- 
wood, green-heart,  king- wood,  snake-wood,  &c.  Sometimes  the  union  bow  is  imi- 
tated by  one  solid  piece  of  straight  cocoa-wood  of  the  West  Indies  (not  that  of  the 
cocoa-nut  palm),  in  which  case  the  tough  fibrous  sap  is  used  for  the  back.  The 
Palmyrea  is  also  used  for  bows.  —  Holtzapffel. 

ARCHIL.  (Orseille,  Fr.;  Orseille,  Germ.;  Oricello,  Ital.)  The  name  of  archil 
is  given  to  a  colouring  matter  obtained,  by  the  simultaneous  action  of  the  air,  moisture, 
and  an  ammoniacal  liquor,  from  many  of  the  lichens,  the  most  esteemed  being  the 
lichen  roccella. 

It  appears  in  commerce  in  three  forms:  1,  As  a  pasty  matter  called  archil;  2,  as 
a  mass  of  a  drier  character,  named /jersi's ;  and  3,  as  a  reddish  powder  called  cudbear. 

The  lichen  from  which  archil  is  prepared  is  known  also  as  the  canary  weed  or  orchilla 
weed.  It  grows  in  great  abundance  on  some  of  the  islands  near  the  African  coast, 
particularly  in  the  Canaries  and  several  of  the  Islands  of  the  Archipelago.  Its 
colour  is  sometimes  a  light  and  sometimes  a  dark  grey. 

There  appears  to  be  good  evidence  for  supposing  that  archil  was  knovra  to  the 
Romans,  and  Beckmann  is  disposed  to  believe  that  the  ancient  Greeks  were  familiar 
with  this  dye.  This  ingenious  and  industrious  author  gives  the  following  account  of 
the  modern  introduction  of  the  archil. 

"  Among  the  oldest  and  principal  Florentine  families  is  that  known  under  the  name 
of  Oricellarii  or  Rucellarii,  RusceUai  or  Rucellai,  several  of  whom  have  distinguished 
themselves  as  statesmen  and  men  of  letters.  This  family  is  descended  from  a 
German  nobleman,  named  Ferro  or  Frederigo,  who  lived  in  the  beginning  of  the  12th 
century.  One  of  his  descendants,  in  the  year  1300,  carried  on  a  great  trade  in  the 
Levant,  by  which  he  acquired  considerable  riches,  and  returning  at  length  to  Florence 
with  his  fortune,  first  made  known  in  Europe  the  art  of  dyeing  with  archil.  It  is  said 
that  a  little  before  his  return  from  the  Levant,  happening  to  make  water  on  a  rock 
covered  with  this  lichen,  he  observed  that  the  plant,  which  was  there  called  respio  or 
respo,  and  in  Spain  orciglia,  acquired  by  the  urine  a  purple  colour,  or,  as  others  say,  a 
red  colour.  He,  therefore,  tried  several  experiments,  and  when  he  had  brought  to 
perfection  the  art  of  dyeing  wool  with  this  plant,  he  made  it  known  at  Florence, 
where  he  alone  practised  it  for  a  considerable  time,  to  the  great  benefit  of  the  state. 
From  this  useful  invention  the  family  received  the  name  of  Oricellarii,  from  which  at 
last  was  formed  Rucellai."  —  History  of  Inventions. 

For  more  than  a  century  Italy  possessed  the  exclusive  art  of  making  archil,  obtain- 
ing the  lichens  from  the  islands  of  the  Mediterranean.  TenerifiPe  furnished  annually 
500  quintals  (of  llOlbs.  each)  of  lichen;  the  Canary  Isles,  400;  Fuerta  Ventura,  300; 
Lancerot,  300  ;  Gomera,  300  ;  Isle  of  Ferro,  800.  This  business,  in  the  islands  of 
Teneriflfe  and  Canary,  belonged  to  the  Crown  of  Spain,  and  in  1730  brought  in  a 
revenue  of  1500  piastres.  The  farmers  paid  from  15  to  20  reals  for  the  right  to  gather 
each  quintal.  . 

Since  1402  the  largest  quantity  of  the  lichens  for  the  preparation  of  archil  has  been 
obtained  in  the  Canary  Islands ;  a  smaller  quantity  has,  however,  been  procured  from 
the  Cape  de  Verde  Islands.  It  is  stated  that  the  archil  from  the  lichens  of  the  latter 
place  dye  wool  of  a  deeper  colour  than  the  archil  from  the  Canaries,  but  that  the  dye 
IS  not  so  rich.  The  labour  of  collecting  these  lichens  is  very  great,  and  men  are  ex- 
posed to  the  greatest  risks,  being  suspended  by  cords  over  the  face  off  stupendous 
cliffs.  Upon  the  coasts  of  Spain,  Scotland,  and  Ireland,  the  peasantry  have  for  a  verv 
long  period  used  lichens  for  the  purpose  of  dyeing  red. 

The  chemical  constitution  of  archil  was  first  investigated  by  M.  Cocq,  "  Annales  de 
Chimie,"  vol.  Ixxxi. ;  and  subsequently,  yet  more  extensively,  by  Robiquet,  "  Annales 
de  Chimie,"  vol.  xlu.  2nd  series.  ""«ue!, 

From  the  Variolaria,  Robiquet  obtained  Orcine,  by  digesting  the  lichen  in  alcohol, 
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evaporating  to  dryness,  dissolving  the  extract  in  water,  concentrating  the  solution  to 
the  thickness  of  a  syrup,  and  setting  it  aside  to  crystallise.  It  forms,  when  quite 
pure,  colourless  prisms,  of  a  nauseous  sweet  taste,  which  fuse  easily,  and  may  he  sub- 
limed unaltered.  Its  formula  is  C'°H*0*  +  3Aq.  when  sublimed;  when  crystallised 
from  its  aqueous  solution  it  contains  5Aq. 

If  orcine  be  exposed  to  the  combined  action  of  air  and  ammonia,  it  is  converted  into 
a  crimson  powder  orceine,  which  is  the  most  important  iugredieut  in  the  archil  of 
commerce.  Orceine  may  be  obtained  by  digesting  dried  archil  in  strong  alcohol, 
evaporating  the  solution  in  a  water-bath  to  dryness,  and  treating  it  with  ether  as  long 
as  anything  is  dissolved ;  it  remains  as  a  dark  blood-red  powder,  being  sparingly 
soluble  in  water  or  ether,  but  abundantly  in  alcohol.    Its  formula  is  C'EL^'NO'. 

Orceine  dissolves  in  alkaline  liquors  with  a  magnificent  purple  colour  ;  with  metallic 
oxides  it  forms  lakes,  also  of  rich  purple  of  various  shades.  In  contact  with  deoxidis- 
ing agents,  it  combines  with  hydrogen,  as  indigo  does,  and  forms  leuc-orceine, 
Q16  29  +  H.  When  bleached  by  chlorine,  a  yellow  substance  is  formed,  chlor- 
orceine,  the  formula  of  which  is  C"'H'NO'+  CI  analogous  to  the  other. — Kane. 

Dr.  Schunk,  by  an  examination  of  several  species  of  I-ecanora,  has  proved  that, 
although  under  the  influence  of  ammonia  and  of  air,  they  ultimately  produce  orceine, 
these  lichens  do  not  contain  orcine  ready  formed,  but  another  body,  Lecanorive,  which, 
under  the  influence  of  bases,  acts  as  an  acid,  and  is  decomposed  into  orcine  and  car- 
honic  acid.  If  lecanoric  acid  be  dissolved  in  boiling  alcohol,  it  unites  with  ether, 
forming  lecanoric  ether,  which  crystallises  beautifully  in  pearly  scales.  In  the  roccella 
tinctoria  and  the  evernia  prunastri  erytheric  acid  is  found.  By  the  oxidation  of  this 
acid  amarythrine  or  erythrine  bitter  is  formed.  These  substances  have  been  carefully 
examined  by  Schunk,  Stenhouse,  and  Kane.  The  chemical  history  of  these  and  some 
other  compounds  is  of  great  interest ;  but  as  they  do  not  bear  directly  upon  the 
manufacture  of  archil,  or  its  use  in  dyeing,  further  space  cannot  be  devoted  to  their 
consideration. 

Kane  found  archil  and  litmus  of  commerce  to  contain  two  classes  of  colouring 
matters,  as  already  stated,  orcine  and  orceine,  derived  from  it.  Beyond  these  there 
were  two  bodies,  one  containing  nitrogen,  azoerythrine,  and  the  other  destitute  of 
nitrogen,  ei-ythroleic  acid.  This  latter  acid  is  separated  from  the  other  bodies  present 
in  archil  by  means  of  ether,  in  which  it  dissolves  abundantly,  forming  a  rich  crimson 
solution.  It  gives  with  alkalis  purple  liquors,  and  with  earthy  and  metallic  salts 
coloured  lakes. 

Beyond  those  already  named  there  are  several  other  species  of  lichen  which  might 
be  employed  in  producing  an  analogous  dye,  were  they  prepared,  like  the  preceding, 
into  the  substance  called  archil.  Hellot  gives  the  following  method  for  discoveriug 
if  they  possess  this  property.  A  little  of  the  plant  is  to  be  put  into  a  glass  vessel ;  it 
is  to  be  moistened  with  ammonia  and  lime-water  in  equal  parts  ;  a  little  muriate  of 
ammonia  (sal  ammoniac)  is  added,  and  the  small  vessel  is  corked.  If  the  plant  be  of 
a  nature  to  afford  a  red  dye,  after  three  or  four  days  the  small  portion  of  liquid 
which  -will  run  oflF  on  inclining  the  vessel,  now  opened,  will  be  tinged  of  a  crimson 
red,  and  the  plant  itself  will  have  assumed  this  colour.  If  the  liquor  or  the  plant 
does  not  take  this  colour,  nothing  need  be  hoped  for  ;  and  it  is  useless  to  attempt  its 
preparation  on  the  great  scale.  Lewis  says,  however,  that  he  has  tested  in  this  way 
a  great  many  mosses,  and  that  most  of  them  afforded  him  a  yellow  or  reddish-brown 
colour ;  but  that  he  obtained  from  only  a  small  number  a  liquor  of  a  deep  red,  which 
communicated  to  cloth  merely  a  yeUowish-red  colour. 

Prepared  archil  gives  out  its  colour  very  readily  to  water,  ammonia,  and  alcohol. 
Its  solution  in  alcohol  is  used  for  filling  spirit-of-wine  thermometers  ;  and  when 
these  thermometers  are  well  freed  from  air,  the  liquor  loses  its  colour  in  some  years, 
as  Abbe  NoUet  observed ;  but  the  contact  of  air  restores  the  colour,  which  is  destroyed 
anew  in  vacuo,  in  process  of  time;  but  the  watery  infusion  loses  its  colour,  by  the 
privation  of  air,  in  a  few  days ;  a  singular  phenomenon,  which  merits  new  researches. 

The  infusion  of  archil  is  of  a  crimson  bordering  on  violet.  As  it  contains  ammonia, 
which  has  already  modified  its  natural  colour,  the  fixed  alkalis  can  produce  httle 
change  on  it,  only  deepening  the  colour  a  little,  and  makmg  it  more  violet.  Alum 
forms  in  it  a  precipitate  of  a  brown  red ;  and  the  supernatant  liquid  retains  a  yellow- 
ish-red colour.  The  solution  of  tin  afibrds  a  reddish  precipitate,  which  falls  down 
slowly  ;  the  supernatant  liquid  retains  a  feeble  red  colour.      ^   „,      .       ,  , 

The  researches  on  the  lichens,  as  objects  of  manufacture,  by  Westring  of  Stock- 
holm, are  worthy  of  attention.  He  examined  150  species,  among  which  he  found 
several  which  might  be  rendered  useful.  He  recommends  that  the  colouring  matter 
should  be  extracted  in  the  places  where  they  grow,  which  would  save  Vf'^f''^?"?. 
in  curinff,  package,  carriage,  and  waste.  He  styles  the  colouring  substance  itselt 
ci.dbear,%rsio,  o?  urnsole  ,  U  distributes  the  lichens  as  follows  =-lst.  Tbose  which, 
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left  to  themselves,  exposed  to  moderate  heat  and  moisture,  may  be  fixed  -without  a 
mordant  upon  -wool  or  silk  ;  such  are  the  L.  cinereus,  amutonla,  venlosus,  corallinus, 
Wesii  irigii,  saxatilis,  conspassus,  barbalus,  plicatus,  vulpinus,  &c. 

2.  Those  which  develope  a  colouring  matter  fixable  likewise  without  mordant,  but 
whicH  require  boiling  and  a  complicated  preparation ;  such  are  the  lichens  subcar- 
neus,  dillenii,  farinaceus,  jubatus,  furfuraceus,  pulmonareus,  cornigatus,  coccifeius, 
digitatus,  ancialis,  adujicus,  &c.  Saltpetre  or  sea-salt  is  requisite  to  improve  the 
lustre  and  fastness  of  the  dye  given  by  this  group  to  silk. 

3.  Those  which  require  a  peculiar  process  to  develope  their  colour,  such  as  those 
which  become  purple  through  the  agency  of  stale  urine  or  ammonia.  Westring  em- 
ployed the  following  mode  of  testing  : — He  put  3  or  4  drachms  of  the  dried  and 
powdered  lichen  into  a  flask,  moistened  it  with  3  or  4  measures  of  cold  spring  water, 
put  the  stuff  to  be  dyed  into  the  mixture,  and  left  the  flask  in  a  cool  place.  Some- 
times he  added  a  little  salt,  saltpetre,  quicklime,  or  sulphate  of  copper.  If  no  colour 
appeared,  he  then  moistened  the  lichen  with  water  containing  ^'jth  of  sal  ammoniac 
and  -ffjih  of  quicklime,  and  set  the  mixture  aside  in  a  cool  place  from  8  to  14  days. 
There  appeared  in  most  cases  a  reddish  or  violet  coloured  tint.  Thus  the  lichen 
cinereus  dyed  silk  a  deep  carmelite  and  wool  a  light  Carmelite  ;  the  L.  pliysodes  gave  a 
yellowish-grey ;  the  pustulatus,  a  rose  red  ;  sangiiinarius,  grey  ;  iartareus,  found  on 
the  rocks  of  Norway,  Scotland,  and  England,  dyes  a  crimson-red.  Cudbear  is  made 
from  it  in  Jutland  by  grinding  the  dry  lichen,  sifting  it,  then  setting  it  to  ferment  in 
a  close  vessel  with  ammonia.  The  lichen  must  be  of  the  third  year's  growth  to  yield 
an  abundant  dye ;  and  that  which  grows  near  the  sea  is  the  best.  It  loses  half  its 
weight  by  drying.  A  single  person  may  gather  from  20  to  30  pounds  a  day  in 
situations  where  it  abounds.  No  less  than  2,239,685  pounds  were  manufactured  at 
Christiansand,  Flekkefiort,  and  Fakrsund,  in  Norway,  in  the  course  of  the  six  years 
prior  to  1812.  Since  more  solid  dyes  of  the  same  shade  have  been  invented,  the 
archil  has  gone  much  into  disuse. 

To  prepare  archil,  the  lichens  employed  are  ground  up  with  water  to  a  uniform 
pulp,  and  this  is  then  mixed  with  as  much  water  as  will  make  the  whole  fluid ; 
ammoniacal  liquors  from  gas  or  from  ivory-black  works,  or  stale  urine,  are  from  time 
to  time  added,  and  the  mass  frequently  stirred  so  as  to  promote  the  action  of  the  air. 
The  orcine  or  erythrine  which  exists  in  the  lichen  absorbs  oxygen  and  nitrogen,  and 
forms  orceine.  The  roccelline  absorbs  oxygen  and  forms  erythroleic  acid;  these 
bemg  kept  in  solution  by  the  ammonia,  the  whole  liquid  becomes  of  an  intense  purple, 
and  constitutes  ordinary  archil. — Kane. 

Archil  alone  is  not  used  for  dyeing  silk,  unless  for  lilacs ;  but  silk  is  frequently 
passed  through  a  bath  of  archil,  either  before  dyeing  it  in  other  baths  or  after  it  has 
been  dyed,  m  order  to  modify  different  colours  or  to  give  them  lustre.  It  is  sufli- 
cient  here  to  point  out  how  white  silks  are  passed  through  the  archil  bath.  The 
same  process  is  performed  with  a  bath  more  or  less  charged  with  this  colour,  for  silks 
already  dyed. 

Archil,  in  a  quantity  proportioned  to  the  colour  desired,  is  to  be  boiled  in  a  copper 
The  clear  liqiud  is  to  be  run  off  quite  hot  from  the  archil  bath,  leaving  the  sediment 
at  the  bottom,  into  a  tub  of  proper  size,  in  which  the  silks,  newly  scoured  with  soap 
are  to  be  turned  round  on  the  skein-sticks  with  much  exactness,  till  they  have 
attained  the  wished-for  shade.   After  this  they  must  receive  one  beetling  at  the  river 

Archil  IS,  in  general,  a  very  useful  ingredient  in  dyeing ;  but  as  it  is  rich  in  colour' 
and  communicates  an  alluring  bloom,  dyers  are  often  tempted  to  abuse  it,  and  to  ex- 
ceed the  proportions  that  can  add  to  the  beauty  without  at  the  same  time  iniurine  in 
a  dangerous  manner,  the  permanence  of  the  colours.  Nevertheless,  the  colour 
^  f'r?^  °^         employed,  is  less  fugitive  than  without  this  addition  : 

t  IS  red,  approaching  to  scarlet.  Tin  appears  to  be  the  only  ingredient  which  can 
increase  Its  durability.  The  solution  of  tin  may  be  employed,  not  only  in  the  dyeing 
otw  .  ,  preparation  of  the  silk.    In  this  casef  by  mixing  the  archH  w"th 

durabiUty!"""^  substances,  dyes  may  be  obtained  which  have  lustre  with  sufiicTent 

To  dye  wool  with  archil,  the  quantity  of  this  substance  deemed  necessary  accordinc 
to  the  quantity  of  wool  or  stufi'  to  be  dyed,  and  according  to  the  shade  to  whinWh^ 
are  to  be  brought,  is  to  be  diffused  in  a  ba  h  of  waterTs  soon  as  ifbell^   '  ^^^^ 
warm.    The  bath  is  then  heated  till  it  be  ready  to  boil  and  the  won!  ■ 
through  it  without  any  other  preparation  exc^e^t  Spi^g  t£t  West  in  w^^^^ 

t urthf^^or^"^  ^  '^"'^  ^-^--g  "Pon^v!Slet  isEeby  obSned 

but  this  colour  has  no  permanence.    Hence  archills  rirplv  PmAin,,l  i    -  J  ' 

view  than  to  modify,  heighten,  and  give  L  re  to  the  o^e^^  "^^'^'^ 

hat  having  employed  archil  on  wool  boiled  with  tartar  and  alZ 

the  air  no  more  than  what  had  received  no  propSn' '^^ut  t  SLTftom 
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herb  archil  (Torseille  d'herhe)  a  much  more  diirabft  colour,  hy  putting  In  the  bath 
some  solution  of  tin.  The  archil  thereby  loses  its  natural  colour,  and  assumes  one 
approaching  more  or  less  to  scarlet,  according  to  the  quantity  of  solution  of  tin 
employed.  This  process  must  be  executed  in  nearly  the  same  manner  as  that  of 
scarlet,  except  that  the  dyeing  may  be  performed  in  a  single  bath. 

Archil  is  frequently  had  recourse  to  for  varying  the  diflFerent  shades  and  giving 
them  lustre  ;  hence  it  is  used  for  violets,  lilacs,  mallows,  and  rosemary  flowers.  To 
obtain  a  deeper  tone,  as  for  the  deep  soupes  au  vin,  sometimes  a  little  alkali  or  milk 
of  lime  is  mixed  with  it.  The  suites  of  this  browning  may  also  afford  agates,  rose- 
mary flowers,  and  other  delicate  colours,  which  cannot  be  obtained  so  beautiful  by 
other  processes. 

The  herb  archil,  just  named,  called  especially  orceiUe  de  terre,  is  found  upon  the 
volcanic  rocks  of  the  Auvergne,  on  the  Alps,  and  the  Pyrenees. 

These  lichens  are  gathered  by  men  whose  whole  time  is  thus  occupied  j  they  scrape 
them  from  the  rocks  with  a  peculiarly  shaped  knife.  They  prefer  collecting  the 
orceille  in  rainy  weather,  when  they  are  more  easily  detached  from  the  rocks.  They 
gather  about  2  kilogrammes  a  day,  or  about  4|  'pounds.  When  they  take  their 
lichens  to  the  makers  of  archil  or  litmus  for  the  purpose  of  selling  them,  they  submit 
a  sample  to  a  test,  for  the  purpose  of  estimating  their  quality.  To  this  end  they 
put  a  little  in  a  glass  containing  some  urine,  with  a  small  quantity  of  lime.  As  the 
lichens  very  rapidly  pass  into  fermentation  if  kept  in  a  damp  state,  and  thus  lose 
much  of  their  tinctorial  power,  great  care  is  taken  in  drying  them ;  when  dry  they 
may  be  preserved  without  injury  for  some  time. 

Archil  is  perhaps  too  much  used  in  some  cloth  factories  of  England,  to  the  dis- 
credit of  our  dyes.  It  is  said,  that  by  its  aid  ^rd  of  the  indigo  may  be  saved  in  the 
blue  vat ;  but  the  colour  is  so  much  the  more  perishable.  The  fine  soft  tint  induced 
upon  much  of  the  black  cloth  by  means  of  archil  is  also  deceptive.  One  half  pound 
of  cudbear  will  dye  one  pound  of  woollen  cloth.  A  crimson  red  is  obtained  by 
adding  to  the  decoction  of  archil  a  little  salt  of  tin  (muriate),  and  passing  the  cloth 
through  the  bath  after  it  has  been  prepared  by  a  mordant  of  tin  and  tartar.  It  must 
be  afterwards  passed  through  hot  water. 

Dyeing  with  archil  with  the  aid  of  oil  has  been  patented  by  Mr.  Lightfoot,  on  the 
same  principle  as  has  been  so  long  used  in  the  Turkey  red  cotton  dye,  who  also  has 
recourse  to  metallic  and  earthy  bases.    See  Cudbear  and  Litmus. 

ARCHITECTURE.  The  art  of  constructing  buildings,  which  involves  the  con- 
sideration of  very  dissimilar  points. 

1.  Uthitt, —  as  it  regards  any  specified  object,  as  — 

a.  Domestic  accommodation  in  a  dwelling  house. 

b.  Acoustic  arrangements  in  all  buildings  intended  for  public  purposes. 

This  consideration  is  entirely  lost  sight  of  by  modem  architects. 

c.  Ventilation,  which  is  a  matter  upon  which  a  very  large  amount  of  empiri- 

cism has  been  expended  with  exceedingly  small  results. 

2.  DUHABILITY.  If  we  examine  the  walls  of  our  ruined  abbeys  and  castles,  we 

shall  find  that  the  stones  employed  still  retain  the  marks  of  the  workman's  tool ;  and 
that  in  numerous  cases  the  ornamental  work  is  as  sharp  as  if  it  had  been  executed  but 
yesterday.  This  should  prove  to  us  that  the  selection  of  stone  was  of  far  more  import- 
ance than  we  have  been  disposed  to  believe.  —  Under  Stones,  this  subject  will  be 

dealt  with.  .       ,  ,     ~     •  ^ 

The  British  Houses  of  Parliament,  not  yet  completed,  are  m  a  state  of  dismtegi-a- 
tion  in  many  parts ;  and  several  of  the  finest  stone  buildings  of  the  metropolis  are 
being  disguised  by  paint,  under  the  absurd  idea  of  preservmg  the  stone.    See  Stone, 

Artificial  and  Indurated.  .       ,   rr,,    ^  ,  ; 

ARECA  A  genus  of  palms,  contammg  two  species  —  1.  The  Areca  catechu,  pro- 
ducing the  betel  nut,  which  is  so  universally  chewed  in  the  East  Indies  The  astrin- 
gent catechu  is  not  the  product  of  this  tree  (see  Acacia  Catechu).  2^  The  Areca 
oleracea,  or  cabbage  palm  ;  the  cabbage  is  eaten  in  the  West  Indies,  both  raw  and 
boiled  -  and  the  trunk,  which  is  often  100  feet  long,  is  used  in  Jamaica  for  water 
pipes,  which  are  said  to  become,  when  buried,  almost  as  hard  as  iron 

AREOMETER.  An  instrument  to  measure  the  densities  of  liquids,  (bee  Alco- 
HOLOMETRY.)  The  principle  will  be  well  understood  by  reniembering  that  any  solid 
body  will  sink  further  in  a  light  liquid  than  in  a  heavy  one  The  areometer  is  usual  y 
a  glass  tube,  having  a  small  glass  bulb  loaded  with  either  sho  or  quicksilver,  so  as  to 
sot  the  tube  upright  in  any  fluid  in  which  it  will  swim.  Within  the  tube  is  p  accd  a 
^aduated  cale  we  will  suppose  the  tube  placed  in  distilled  water  and  the  line  cut 
by  the  siirface  of  the  fluid  to  be  marked  ;  that  it  is  then  removed  and  placed  in  strong 
alcohol-the  tube  will  sink  much  lower  m  this,  and  consequently  we  shall  have  wo 
extremities  of  an  arbitrary  scale,  on  which  we  can  mark  any  intermediate  degrees. 
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The  areometer  of  Baume  is  used  in  France,  and  the  following  scale  is  adopted  by 
the  Fi'ench  chemists  :  — 

Specific  Gravity  Numbers  corresponding  with  Baumi's  Areometric  Degrees. 


Liquids  denser  than  Water. 


De- 

Specific 

De- 

Specific 

De- 

Specific 

De- 

Specific 

De- 

Specific 

grees. 

Gravity. 

grees. 

Gravity. 

grees. 

Gravity. 

grees. 

Gravity. 

grees. 

Gravity. 

0 

1-0000 

26 

1-2063 

52 

1-5200 

10 

1-0000 

36 

0-8488 

1 

1-0066 

27 

1-2160 

53 

1-5353 

11 

0-9932 

37 

0-8439 

2 

1-0133 

28 

1-2258 

54 

1-5510 

12 

0-9865 

38 

08391 

3 

1  0201 

29 

1.2358 

55 

1-5671 

13 

0-9799 

39 

0  8343 

4 

1-0270 

30 

1-2459 

56 

1-5833 

14 

0-97'^3 

40 

08295 

5 

1-0340 

31 

12562 

57 

1-6000 

15 

0-9669 

41 

0-8249 

6 

1-0411 

32 

1-2667 

58 

1-6170 

16 

0-9605 

42 

0-8202 

7 

1-0483 

33 

1-2773 

59 

1-6344 

17 

0-9542 

43 

0-8156 

8 

1-0556 

34 

1-2881 

60 

1-6522 

18 

0-9480 

44 

0-8111 

9 

1-0630 

35 

1-2992 

61 

1-6705 

19 

0-9420 

45 

0-8066 

10 

1-0704 

36 

1-3103 

62 

1-6889 

20 

0-9359 

46 

0-8022 

11 

1-0780 

37 

1-3217 

63 

1-7079 

21 

0-9300 

47 

0-7978 

12 

1-0857 

38 

1-3333 

64 

1-7273 

22 

0-9241 

48 

0-7935 

13 

1-0935 

39 

1-3451 

65 

1-7471 

23 

0-9183 

49 

0-7892 

14 

1-1014 

40 

1-3571 

66 

1-7674 

24 

0-9125 

50 

0-7849 

15 

1-1095 

41 

1-3694 

67 

1-7882 

25 

0-9068 

51 

0-7807 

16 

1-1176 

42 

1-3818 

68 

1-8095 

26 

0'9012 

53 

0-7766 

17 

1-1259 

43 

1-3945 

69 

1-8313 

27 

0-8957 

53 

0-7725 

18 

1-1343 

44 

1-4074 

70 

1-8537 

28 

0-8902 

54 

0-7684 

19 

1-1428 

45 

1-4206 

71 

1-8765 

29 

08848 

55 

0-7643 

20 

1-1515 

46 

1-4339 

72 

1-9000 

30 

0-8795 

56 

0-7604 

21 

1-1603 

47 

1-4476 

73 

1-9241 

31 

0-8742 

57 

0-7656 

22 

1-1692 

48 

1-4615 

74 

1-9487 

32 

0-8690 

58 

0-7526 

23 

1-1783 

49 

1-4758 

75 

1-9740 

33 

0-8639 

59 

0-7487 

24 

1-1875 

50 

1-4902 

76 

2-0000 

34 

0-8588 

60 

0-7449 

25 

1-1968 

51 

1-4951 

35 

0-8538 

61 

0-7411 

Less  dense  tiian  Water. 


ARENACEOUS.    Arena,  sand.  Sandy. 
ARGILLACEOUS.    Composed  of  clay,  or  clayey. 

ARGILLACEOUS  EARTH.  {ArgiUa,  clay,  Lat.)  The  earth  of  clay,  called 
in  chemistry,  alumina,  because  it  is  obtained  in  greatest  purity  from  alum.  See 
Alumina,  China  Clay,  Clay,  Kaolin. 

ARGOL,  or  ARGAL.  (  Tarfre,  Fr. ;  Weinslein,  Germ.)  This  tartrate  of  potash 
is  known  in  commerce  as  the  -white  and  red  argol ;  the  -white  being  the  crust  let  fall 
by  white  wines,  which  is  of  a  pale  pinkish  colour,  and  the  red  the  crust  deposited 
from  red  wines,  and  of  a  dark  red  colour.  See  Tartar,  Cream  or  Tartar,  &c. 


Hanse  Towns  -  -       -  - 

France  -       .  -       -  - 

Portugal        .  -       .  . 

Madeira         -  -       .  . 

Spain     -       -  -       .  . 

Canary  Islands  ... 

Sardinia         -  -       -  . 

Tuscany        -  -       .  . 

Two  Sicilies   -  -       .  . 
British  Possessions  in  South  Africa 

Austrian  Italy  -       .  . 

Other  parts    -  -       .  . 


Vol.  I. 


1853. 


Cwts. 
580 

2,384 
10,422 
673 
364 

495 
13,228 
2,127 

1,784 
879 

32,936 


1854. 


Cwts. 

5,290 
9,410 


1,391 
8,291 
990 
710 
2,901 
988 

29.971 


1855. 


Cwts. 

2,585 
6,660 


587 

6,551 

450 
735 
898 

18,466 


1856. 


Cwts. 

4,802 
3,293 


584 
6,454 
2,346 

457 

939 
18,875 
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ARICINE.  (C'q-PN^O')  An  alkaloid  discovered  by  Pelletiur  and  Corriol  in  a 
cinchona  bark  from  Arica  in  Peru.  It  is  separated  by  the  same  processes  as  quinine. 
In  many  respects  it  resembles  cinchonine,  but  its  solubility  in  ether  is  sufficient  to 
distinguish  it  from  that  substance.  The  cinchovatine  of  Manzini  has  been  shown  by 
Winckler  to  be  identical  with  aricine.— C.  G.  W. 

ARNATTO,  ARNOTTO,  or  ANNOTTO.  {Rocou  or  rnucou,  Fr. ;  Orleans, 
Gcriri.)  A  somewhat  dry  and  hard  paste,  brown  without  and  red  within.  It  is 
usually  imported  in  cakes  of  two  or  three  pounds  weight,  wrapped  up  in  leaves  of 
large  reeds,  packed  in  casks,  from  America,  where  it  is  prepared  from  the  seeds  of  a 
certain  tree,  called  the  arnatto  tree ;  it  is  the  Bixa  orellana  of  Linnseus. 

The  shrub  producing  the  arnatto  is  originally  a  native  of  South  America  ;  it  is 
now  cultivated  in  Guiana,  St.  Domingo,  and  in  the  East  Indies.  In  the  "  Annales  de 
Chimie"  we  have  the  following  description  of  the  arnatto  tree  : — "  The  tree  produces 
oblong  bristled  pods,  somewhat  resembling  those  of  a  chesnut.  These  are  at  first 
of  a  beautiful  rose  colour,  but,  as  they  ripen,  change  to  a  dark  brown  ;  and  bursting 
open,  display  a  splendid  crimson  farina  or  pulp,  in  which  are  contained  from  thirty  to 
forty  seeds,  somewhat  resembling  raisin  stones.  As  soon  as  they  arrive  at  maturity, 
these  pods  are  gathered,  divested  of  their  husks,  and  bruised.  Their  pulpy  substance, 
which  seems  to  be  the  only  part  which  constitutes  the  dye,  is  then  put  into  a  cistern, 
with  just  enough  water  to  cover  it,  and  in  this  situation  it  remains  for  seven  or  eight 
days,  or  until  the  liquor  begins  to  ferment,  which,  however,  may  require  as  many 
weeks,  according  to  circumstances.  It  is  then  strongly  agitated  with  wooden  paddles 
or  beaters,  to  promote  the  separation  of  the  pulp  from  the  seeds.  This  operation  is 
continued  until  these  have  no  longer  any  of  the  colouring  matter  adhering  to  them  ; 
it  is  then  passed  through  a  sieve,  and^  afterwards  boiled,  the  colouring  matter  being 
thrown  to  the  surface  in  the  form  of  scum,  or,  otherwise,  allowed  to  subside  :  in  either 
case,  it  is  boiled  in  coppers  till  reduced  to  a  paste,  when  it  is  made  into  cakes  and 
dried." 

Instead  of  this  long  and  painful  labour,  which  occasions  diseases  by  the  putrefac- 
tion induced,  and  which  affords  a  spoiled  product,  Leblond  proposes  simply  to  wash 
the  seeds  of  the  bixa  till  they  are  entirely  deprived  of  their  colour,  which  lies 
wholly  on  their  surface ;  to  precipitate  the  colour  by  means  of  vinegar  or  lemon 
juice,  and  to  boil  it  up  in  the  ordinary  manner,  or  to  drain  it  in  bags,  as  is  practised 
with  indigo. 

The  experiments  which  Vauquelin  made  on  the  seeds  of  the  bixa,  imported  by 
Leblond,  confirmed  the  efiBcacy  of  the  process  which  he  proposed  ;  and  the  dyers 
ascertained  that  the  arnatto  obtained  in  this  manner  was  worth  at  least  four  times 
more  than  that  of  commerce  ;  that,  moreover,  it  was  more  easily  employed  ;  that  it 
required  less  solvent ;  that  it  gave  less  trouble  in  the  copper,  and  furnished  a  purer 
colour. 

Arnatto  dissolves  better  and  more  readily  in  alcohol  than  in  water,  when  it  is 
introduced  into  the  yellow  varnishes  for  communicating  an  orange  tint. 

The  decoction  of  arnatto  in  water  has  a  strong  peculiar  odour,  and  a  disagreeable 
taste.  Its  colour  is  yellowish-red,  and  it  remains  a  little  turbid.  An  alkaline  solution 
renders  its  orange-yellow  clearer  and  more  agreeable,  while  a  small  quantity  of  a 
whitish  substance  is  separated  from  it,  which  remains  suspended  in  the  liquid.  If 
arnatto  be  boiled  in  water  along  with  an  alkali,  it  dissolves  much  better  than  when 
alone,  and  the  liquid  has  an  orange  hue. 

The  acids  form  with  this  liquor  an  orange-coloured  precipitate,  soluble  m  alkalis, 
which  communicate  to  it  a  deep  orange  colour.    The  supernatant  liquor  retains  only 

a  pale  yellow  hue.  .  ,.,„.,. 

When  arnatto  is  used  as  a  dye,  it  is  always  mixed  with  alkali,  which  facilitates  its 
solution  and  gives  it  a  colour  inclining  less  to  red.  The  arnatto  is  cut  in  pieces,  and 
boiled  for  some  instants  in  a  copper  with  its  own  weight  of  crude  pearl  ashes,  provided 
the  shade  wanted  do  not  require  less  alkali.  The  cloths  may  be  afterwards  dyed  m 
this  bath  either  by  these  ingredients  alone,  or  by  adding  others  to  modify  the  colour  ; 
but  arnatto  is  seldom  used  for  woollen,  because  the  colours  which  it  gives  are  too 
fueitive  and  may  be  obtained  by  more  permanent  dyes.  Hellot  employed  it  to  dye  a 
stuff  prepared  with  alum  and  tartar  ;  but  the  colour  acquired  had  little  permanence. 
It  is  almost  solely  used  for  silks.  _  . 

For  silks  intended  to  become  aurora  and  orange,  it  is  sufficient  to  scour  them  at  the 
rate  of  20  per  cent,  of  soap.  When  they  have  been  well  cleansed,  they  are  immersed 
in  a  bath  prepared  with  water,  to  which  is  added  a  quantity  of  alkaline  solution  of 
arnatto  more  or  less  considerable,  according  to  the  shade  that  may  be  wanted.  This 
bath  should  have  a  mean  temperature  between  that  of  tepid  and  boiling  water. 

When  the  silk  has  become  uniform,  one  of  the  hanks  is  taken  out,  washed,  and 
wrung,  to  see  if  the  colour  be  sufficiently  full ;  if  it  be  not  so.  more  solution  of 
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arnatto  is  added,  and  the  silk  is  turned  again  round  the  sticks :  the  solution  keeps 

is  oWd,r.thir^  ~s  hut  -^^'h^^ -^^1:^ 
it  two  heetlings  at  the  river,  in  order  to  fiee  it  trom  tne  reauuua 
■would  injure  the  lustre  of  the  colour.  „l,n<:pn  a-nA  dved  in  the 

When  raw  silks  are  to  be  dyed,  those  naturally  white  ^'^^  ^'^J^jj^';^^^^^ 
arnatto  bath,  which  should  not  be  more  than  tepid,  '^'^''f^^f^j'^.Jl^^^^ 
alkali  may  not  attack  the  gum  of  the  silk,  and  deprive  it  of  the  elasticity  which  it  is 

•^tShtnow  b^eriaTd  regards  the  silks  to  which  the  aurora  shades  are  to  be 
rriven :  but  to  make  an  orange  hue,  which  contains  more  red  than  the  aurora,  it  is 


'  yellov 

Tvhich  inclines  a  good  deal  to  red. 

For  the  deep  shades,  the  practice  at  Paris,  as  Macquer  informs  us,  is  to  pass  the 
silks  through  alum  ;  and  if  the  colour  be  not  red  enough,  they  are  passed  through  a 
faint  bath  of  brazil  wood.  At  Lyons,  the  dyers  who  use  carthamus  sometimes  employ 
old  baths  of  arnatto  for  dipping  the  deep  oranges.  ,   ,    ^  ^t. 

When  the  orange  hues  have  been  reddened  by  alum,  they  must  be  washed  at  the 
river ;  but  it  is  not  necessary  to  beetle  them,  unless  the  colour  turns  out  too  red. 

Shades  may  be  obtained  also  by  a  single  operation,  which  retain  a  reddish  tint,  em- 
ploying for  the  arnatto  bath  a  less  proportion  of  alkali  than  has  been  pointed  out. 

Guhliche  recommends  to  avoid  heat  in  the  preparation  of  arnatto.  He  directs  it  to 
be  placed  in  a  glass  vessel,  or  in  a  glazed  earthen  one  ;  to  cover  it  with  a  solution  of 
pure  alkali  ;  to  leave  the  mixture  at  rest  for  24  hours  ;  to  decant  the  liquor,  filter  it, 
and  add  water  repeatedly  to  the  residuum,  leaving  the  mixture  each  time  at  rest  for 
two  or  three  days,  till  the  water  is  no  longer  coloured ;  to  mix  all  these  liquors,  and 
preserve  the  whole  for  use  in  a  well-stopped  vessel. 

He  macerates  the  silk  for  12  hours  in  a  solution  of  alum,  at  the  rate  of  an  eighth  of 
this  salt  for  one  part  of  silk,  or  in  a  water  rendered  acidulous  by  the  aceto  citric  acid 
above  described  ;  and  he  wrings  it  well  on  its  coming  out  of  this  bath. 

Silk  thus  prepared  is  put  into  the  arnatto  bath  quite  cold.  It  is  kept  in  agitation 
there  till  it  has  taken  the  shade  sought  for ;  or  the  liquor  may  be  inaintained  at  a  heat 
far  below  ebullition.  On  being  taken  out  of  the  bath,  the  silk  is  to  be  washed  and 
dried  in  the  shade. 

For  lighter  hues,  a  liquor  less  charged  with  colour  is  taken  ;  and  a  little  of  the 
acid  liquor  which  has  served  for  the  mordant  may  be  added,  or  the  dyed  silk  may  be 
passed  through  the  acidulous  water. 

We  have  seen  the  following  preparation  employed  for  cotton  velvet:  —  1  part  of 
quicklime,  1  of  potash,  2  of  soda. 

Of  these  a  ley  is  formed,  in  which  1  part  of  arnatto  is  dissolved  ;  and  the  mixture 
is  boiled  for  an  hour  and  a  half.  This  bath  affords  the  liveliest  and  most  brilliant 
auroras.  The  bufif  (chamois)  fugitive  dye  is  also  obtained  with  this  solution.  For 
this  purpose  only  a  little  is  wanted ;  but  we  must  never  forget  that  the  colours  arising 
from  arnatto  are  all  fugitive. 

Dr.  John  found  in  the  pulp  surrounding  the  unfermented  fresh  seeds,  which  are 
about  the  size  of  little  peas,  28  parts  of  colouring  resinous  matter,  26  5  of  vegetable 
gluten,  20  of  ligneous  fibre,  20  of  colouring  extractive  matter,  4  formed  of  matters 
analogous  to  vegetable  gluten  and  extractive,  and  a  trace  of  spicy  and  acid  matters. 

The  Gloucestershire  cheese  is  coloured  with  arnatto,  in  the  proportion  of  one  cwt. 
to  an  ounce  of  the  dye:  butter  is  sometimes  coloured  with  it. 

When  used  in  calico  printing,  it  is  usually  mixed  with  potash  or  ammonia  and 
starch. 

Arnatto  was  considered  to  contain  two  distinct  colouring  matters,  a  yellow  and  red, 
till  it  was  shown  by  M.  Preisser  that  one  is  the  oxide  of  the  other,  and  that  they  may 
be  obtained  by  adding  a  salt  of  lead  to  a  solution  of  arnatto,  which  precipitates  the 
colouring  matter.  The  lead  is  separated  by  sulphuretted  hydrogen  ;  and  the  sub- 
stance being  filtered  and  evaporated,  the  colouring  matter  is  deposited  in  small 
crystals  of  a  yellow-white  colour.  These  crystals  consist  of  bixine ;  they  become 
yellow  by  exposure  to  the  air,  but  if  they  are  dissolved  in  water  they  undergo  no 
change.  When  ammonia  is  added  to  bixine,  with  free  contact  of  air,  there  is  formed 
a  fine  deep  red  colour,  like  arnatto,  and  a  new  substance,  called  bixeine,  is  produced, 
which  does  not  crystallise,  but  may  be  obtained  as  a  red  powder;  this  is  coloured  blue 
by  sulphuric  acid,  and  combines  with  alkalis,  and  is  bixine  with  addition  of  oxygen. 
When  arnatto,  in  the  form  of  paste,  is  mixed  from  time  to  time  with  stale  urine  it 
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appears  pi-obable  that  the  improvement  consists  in  tflfe  formation  of  hixeine  from  the 
bixine  by  the  ammonia  of  the  urine.  It  has  hence  been  suggested  that,  to  improve 
the  colour  of  arnatto,  it  might  be  mixed  with  a  little  ammonia,  and  subsequently  ex- 
posed to  the  air,  previously  to  its  being  used  for  dyeing. 

A  solution  of  arnatto  and  potash  in  -water  is  sold  under  the  name  of  Scott's  Nan- 
keen Dye. 

The  following  statement  gives  an  account  of  the  quantities  imported  and  exported, 
•with  the  nett  revenue,  during  the  following  years  :  — 


1841. 

1842. 

1843. 

1844. 

Quantities  imported 

-  cwt. 

2319 

3271 

3494 

Quantities  exported 

513 

229 

307 

Retained  for  consumption 

~  )» 

3197 

3347 

2689 

Nett  revenue        -       -  - 

-  £ 

154 

185 

175 

144 

Flag  arnatto  paid  a  duty  of  18s.  8d.  per  cwt,  and  the  other  sorts  5/.  12s.,  previously 
to  1832.  The  duty  was  subsequently  reduced  to  Is.  per  cwt.  on  the  former  and  4s. 
on  the  latter.  It  was  repealed  in  1845.  The  Imports  of  roll  and  flag  arnatto  during 
recent  years  were  as  follows  ; — 


1853. 

1854. 

1855. 

1856. 

Cwts. 

Cwts. 

Cwts. 

Cuts. 

France  ------- 

1825 

1705 

1577 

2549 

Portugal  ------ 

138 

21 

121 

141 

British  Guiana       .       -       .       -  - 

313 

935 

145 

118 

United  States  ------ 

866 

966 

Brazil  ------- 

1949 

805 

981 

1306 

Other  parts  ------ 

367 

39 

1 

51 

4592 

4371 

2966 

4990 

AROMATIC  VINEGAR.  {Acetum  aromaticum.)  This  is  a  compound  of  strong 
acetic  acid  with  certain  powerful  essential  oils  or  aromatic  herbs.  The  "  Edinburgh 
Pharmacopoeia"  orders  it  to  be  made  with,  concentrated  acetic  acid,  11  pints  ;  rosemary 
and  thyme  dried,  of  each  1  oz.  ;  lavender,  also  dried,  |  oz. ;  cloves,  bruised,  i  drachm. 
Macerate  for  seven  days,  strain,  and  express  strongly,  and  filter  the  liquor.  Henry's 
aromatic  vinegar  is  prepared  by  dissolving  oils  of  cloves,  lavender,  rosemary,  and  the 
like,  in  concentrated  acetic  acid.  Camphorated  acetic  acid  is  sometimes  substituted  for 
the  acetum  aromaticum.  These  preparations  have  been  in  great  repute  as  prophylactics 
in  contagious  fevers.  The  name  of  "  Le  vinaigre  des  quatre  voleurs  "  has  been 
given  to  aromatic  vinegar  in  France,  it  is  said,  from  the  confessions  of  four  thieves 
who,  during  the  plague  at  Marseilles,  plundered  the  dead  bodies  with  perfect  impunity 
after  protecting  themselves  with  aromatic  vinegar. 

ARQUERITE.  A  silver  amalgam  from  the  mines  of  Arquerous,  near  Coquirabo. 
It  occurs  crystalline.    Domeyko  finds  it  to  consist  of  silver  86-49,  mercury  13-51. 

ARRACK  A  spirituous  liquor  from  the  East  Indies.  This  term,  or  its  corrup- 
tion, rack,  is  applied  to  any  spirituous  liquor  in  the  East.  The  true  arrack  is  said 
to  distilled  from  toddy— the  fermented  juice  of  the  cocoa-nut  tree.  It  is,  however, 
frequently  distilled  from  rice  and  sugar  fermented  with  the  cocoa-nut  jmce. 

ARROB  A  (of  wine).    A  Spanish  measure,  equal  to  3-5517  gallons. 

ARROWROOT.  {Racine  flichiere,  Y  v. ;  Pfeilwurz,  Germ.)  The  root  of  the 
maranta  arundinacea,  a  plant  which  grows  in  the  West  Indies,  and  furnishes,  by 
pounding  in  mortars  and  elutriation  through  sieves,  a  peculiar  species  of  starch,  com- 
monly, but  improperly,  called  arrow  root.  It  is  reckoned  more  nourishing  than  the 
starch  of  wheat  or  potatoes,  and  is  generally  also  freer  from  peculiar  taste  or  flavour. 
The  fresh  root  consists,  according  to  Benzon,  of  0-07  of  volatile  oil ;  26  of  starch  (23 
of  which  are  obtained  in  the  form  of  powder,  while  the  other  3  must  be  extracted 
from  the  parenchyma  in  a  paste  by  toiling  water);  1-58  o  vegetable  albumen  ;^ 0  6 
of  a  gummy  extract ;  0-25  of  chloride  of  calcium  ;  6  of  inso  ublc  fibrine  ;  and  65  .,  ot 
water.    This  plant  was  brought  from  the  Island  of  Dominica,  by  Colonel  James 
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Walker,  to  Barbadoes,  and  there  planted.  From  thence  it  was  sent  to  Jamaica.  The 
root  appears  to  have  been  used  by  the  Indians  to  yield  a  poison  with  which  to  smear 

their  arrows,  and  hence  its  name.  „„„„^„„t„»o.q 
This  plant  has  been  lately  cultivated  with  great  success,  and  its  root  naanufactured 
in  a  superior  manner,  upon  the  Hopewell  estate,  in  the  Island  of  St.  Vincent,  it 
grows  there  to  the  height  of  about  3  feet,  and  it  sends  down  its  tap  roots  trom  12 
to  18  inches  into  the  ground.  Its  maturity  is  known  by  the  flagging  and  falling 
down  of  the  leaves,  which  takes  place  when  the  plant  is  from  10  to  12  months  old. 
The  roots  being  dug  up  with  the  hoe  are  transported  to  the  washing-house,  where 
they  are  thoroughly  freed  from  all  adhering  earth,  and  next  taken  individually  m 
the  hand,  and  deprived  by  a  knife  of  every  portion  of  their  skins,  whije  every 
unsound  part  is  cut  away.  This  process  must  be  performed  with  great  nicety,  for 
the  cuticle  contains  a  resinous  matter  which  imparts  colour  and  a  disagreeable  flavour 
to  the  fecula  which  no  subsequent  treatment  can  remove.  The  skinned  roots  are 
thrown  into  a  large  cistern,  with  a  perforated  bottom,  and  there  exposed  to  the  action 
of  a  copious  cascade  of  pure  water  till  this  runs  off  quite  unaltered.  The  cleansed 
roots  are  next  put  into  the  hopper  of  the  mill,  and  are  subjected  to  the  powerful 
pressure  of  two  pairs  of  polished  rollers  of  hard  brass,  the  lower  pair  of  rollers 
being  set  much  closer  together  than  the  upper.  {Seefg.  67.)  The  starchy  matter 
is  thus  ground  into  a  pulp,  which  falls  into  the  receiver  placed  beneath,  and  is 
thence  transferred  to  large  fixed  copper  cylinders,  tinned  inside,  and  perforated  at  the 
bottom  with  numerous  minute  orifices,  like  a  kitchen  drainer.  Within  these  cylinders, 
wooden  paddles  are  made  to  revolve  with  great  velocity,  by  the  power  of  a  water- 
wheel,  at  the  same  time  that  a  stream  of  pure  water  is  admitted  from  above.  The 
paddle  arms  beat  out  the  fecula  from  the  fibres  and  parenchyma  of  the  pulp,  and  dis- 
charge it  in  the  form  of  a  milk  through  the  perforated  bottom  of  a  cylinder.  This 
starchy  water  runs  along  pipes,  and  then  through  strainers  of  fine  muslin,  into  large 
reservoirs,  where,  after  the  fecula  has  subsided,  the  supernatant  liquid  is  drawn  off, 
and  fresh  water  being  let  on,  the  whole  is  agitated  and  left  again  to  repose.  When 
the  water  ceases  to  remove  anything  from  the  arrow  root,  all  the  deposits  of  fecula 
are  collected  into  one  cistern,  covered,  and  agitated  with  a  fresh  charge  of  water,  and 
left  until  the  following  morning.  The  water  being  allowed  to  run  off,  the  surface  of 
the  deposit  is  carefully  scraped  with  German  silver  palette  knives,  to  remove  any 
impure  or  coloured  parts,  and  the  lower  portions  only  are  dried  and  prepared  for  the 
market.  The  greatest  care  is  taken  in  drying ;  and  when  dry,  the  fecula  is  packed 
in  tin  cases  for  exportation. 

Fig. 68  (p.  182),  plan  of  arrow  root  grinding  mill,  and  two  sets  of  copper  cylinder  wash- 
ing machines,  with  the  connecting  machinery  for  driving 
them,  the  washing  agitator  being  driven  from  the  connect- 
ing shaft  with  leathern  belts.  Fig.  69,  end  elevation  of  copper 
washing  cylinder,  with  press  framing,  &c.  The  washing 
cylinders  are  6|  feet  long  and  3^  in  diameter.  The  mill 
rollers  are  3  feet  long  and  1  foot  in  diameter.  Fig.  70,  end 
elevation  of  arrow-root  mill,  -with  wheels  and  pinions,  dis- 
engaging lever,  &c. 

Arrow  root  is  usually  distinguished  by  the  name  of  the 
island  or  place  producing  it,  as  Bermuda  arrow  root,  St. 
Vincent's  arrow  root,  Jamaica  arrow  root,  African  or  Sierra 
Leone  arrow  root,  &c. 
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The  uses  of  arrow  root  are  too  well  known  and  acknowledged  to  require  recount  ng 
y..r^  Itis  the  most  elegant  and  the  richest  of  all  the  feculas  Lieb<g  places  the 
^ow^rs  of  arrow  Too  ,  as  a  nutriment  to  man,  in  a  very  remarkable  point  of  view  when 
C  JntpfthatTs  pounds  of  flesh  contain  no  more  carbon  for  supplying  animal  hea 

L^oMeft:;ru~^^^^^^^^^  for  respiration  during  the  same  time,  to 

consume  five  such  animals.  frmuentlv  used  eenerically  to  indicate  a  starch 

Lords  and  Ladies. 
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East  India  arrow  root,  prepared  from  the  Curcuma  angustifoUa. 
Brazilian  arrow  root,  tlie  fecula  of  Jatropha  manihot. 

Enqlish  arrow  root,  the  starch  of  the  potato,  ;,v,„nrtPf1  into  T  ondon 

Tahiti  arrow  root,  the  feculee  of  Tacca  oceamca,  which  is  imported  into  London 
and  ild  as  "  Irrow  'root  prepared  by  the  native  converts  at  the  missionary  stations  m 

the  South  Sea  Islands."  .    .     „  ndnltprated 

The  presence  of  potato  starch  in  arrow  root,  with  which  it  is  often  adulterated 
may  be  discovered  by  the  microscope.  Arrow  root  consists  of  regular  ovoid  particles 
of  nearly  equal  size,  whereas  potato  starch  consists  of  particles  of  an  irregular  ovoid 
or  truncated  form,  exceedingly  irregular  in  their  dimensions,  some  being  so  large 
as  „Uh  of  an  inch,  and  others  only  ^th.  Their  surfaces  in  the  arrow  root  are 
smooth  and  free  from  the  streaks  and  furrows  to  be  seen  in  the  potato  particles  by  a 
good  microscope.  The  arrow  root,  moreover,  is  destitute  of  that  fetid  unwholesome 
Sil  extractable  by  alcohol  from  potato  starch.  But  the  most  convenient  test  is  dilute 
nitric  acid  of  I'lO  (about  the  strength  of  single  aquafortis),  which,  when  triturated  m 
a  mortar  with  the  starch,  forms  immediately  a  transparent  very  viscid  paste  or  jelly. 
Flour  starch  exhibits  a  like  appearance.  Arrow  root,  however,  forms  an  opaque 
paste,  and  takes  a  much  longer  time  to  become  viscid.  .  ,  t. 

The  Imports,  as  given  in  former  editions,  are  retained  for  compan-son  with  the 
more  recent. 

Quantities  imported 
Quantities  exported 
Retained  for  consumption 
Nett  revenue 

In  1834  the  quantity  of  arrow  root  imported  from  Jamaica  was  170,078  lbs.,  value 
7483/. 

St.  Vincent  produced  as  follows :  — 


1841. 

1842. 

1843. 

1844. 

cwt. 

7953 

9236 

10274 

cwt. 

334 

264 

200 

cwt. 

7561 

8499 

10018 

£ 

1012 

1737 

623 

769 

In  1828 

2,000  lbs. 

1829       -       .  - 

21,250  „ 

1830 

16,850  „ 

1831       -       -  . 

3,763  „ 

1832       -        -  - 

250  „ 

1833 

5,552  „ 

1834 

25,626  „ 

1835 

-      41,397  „ 

1836 

-    -  -      49,369  „ 

— li.  Montgomery  Martin. 

The  produce  of  the  island  of  Bermuda  was,  in  1836,  according  to  the  same  autho- 
rity : — 


St.  George  parish  - 

27,800  lbs. 

Hamilton     do.      -       -  . 

16,310  „ 

Smith          do.      -       -  • 

8,000  „ 

Devonshire  do. 

1,599  „ 

Pembroke      -       .       -  - 

885  „ 

Paget    -       .       -       -  - 

3,530  „ 

Warwick       .       -       -  . 

-      32,000  „ 

Southampton  - 

40,000  „ 

Sandys  .       -       -       -  - 

-    119.310  „ 

Total  produce  of  arrow  root  in  this  colony  in  1836   -  2 16,663  lbs. 

Its  exports  of  arrow  root  were : — 

1830    18,1 74  lbs. 

1831  77,153  „ 

1832    34.833  „ 

1833    44,651  „ 

1834    54,471  „ 

1835    67,573  „ 

1836    76,699  „ 
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The  recent  Imports  into  Great  Britain  have  heen  Sfe  follows:— 


Countries  from  which  Imported. 

1853. 

1854. 

1855 

I85C. 

Sierra  Leone  -  -  -  . 
British  possessions  in  South  Africa 
British  West  Indies  -  -  - 
South  Sea  Islands  .  ,  . 
British  Guiana  -  -  -  - 
British  East  Indies  -  -  - 
Brazil  - 

Philippine  Islands  -  -  . 
Turkey  Proper  -  -  .  - 
Other  parts       -       -       .  . 

Cwls. 
577 

14,399 
165 
324 

330 

Cwt.s. 
276 

13,540 
515 

574 

CxU. 
402 
192 
11,401 
185 

301 
170 

224 

Cwis. 
369 
371 
12,830 

283 
784 
426 

15,795 

14,905 

12,873 

15,646 

Of  arrow  root  prepared  in  the  United  Kingdom,  we  exported,  in  1856,  21,243  Ihs. 
the  declared  value  of  which  was  714?. 

ARSENIC,  derived  from  the  Greek  apatuuAv,  masculine,  applied  to  orpiments  on 
account  of  its  potent  powers.  This  metal  occurs  native,  in  veins,  in  crystalline  rocks, 
and  the  older  schists  ;  it  is  found  in  the  state  of  oxide,  and  also  combined  with  sulphur 
under  the  improper  name  of  yellow  and  red  arsenic,  or  orpiment  and  realgar.  Arsenic 
is  associated  with  a  great  many  metallic  ores  ;  but  it  is  chiefly  extracted  in  this  country 
from  those  of  tin,  by  roasting,  in  which  case  the  white  oxide  of  arsenic,  or,  more 
correctly,  the  arsenious  acid,  is  obtained.  On  the  Continent,  arsenical  cobalt  is  the 
chief  source  of  arsenic. 

The  following  are  the  principal  ores  of  arsenic  :  — 

Native  Arsenic. — The  most  common  form  of  native  arsenic  is  reniform  and  stalactitic 
masses,  often  mammillated,  and  splitting  oif  in  thin  successive  layers  like  those  of  a 
shell.  It  possesses  a  somewhat  metallic  lustre,  and  a  tin-white  colour  and  streak, 
which  soon  tarnishes  to  a  dark  grey.  Its  specific  gravity  is  5-93.  Before  the  blow- 
pipe it  gives  out  an  alliaceous  odour,  and  volatilises  in  white  fumes.  It  is  found  in 
the  Hartz,  in  Andreasberg,  at  the  silver  mines  of  Freiberg,  in  Chili,  the  Asturias,  &c. 

White  Arsenic,  or  Arsenious  Acid  {Arsenolite),  is  often  formed  by  the  decomposition 
of  other  arsenical  ores,  and  is  composed  of  arsenic  65-76,  and  oxygen  24-24.  It  occurs 
either  in  minute  radiating  capillary  crystals  and  crusts  investing  other  substances,  or 
m  a  stalactitic  or  botryoidal  form.  Before  the  blowpipe  it  volatilises  in  white  fumes: 
in  the  inner  flame  it  blackens  and  gives  out  an  alliaceous  odour;  its  specific  gravity 
is  3-69.  It  is  white,  sometimes  with  a  yellowish  or  reddish  tinge,  and  has  a  silky  or 
vitreous  lustre.    It  possesses  an  astringent,  sweetish  taste — H.  W.  B. 

Realgar  (anciently  called  Sandaraca),  red  orpiment,  or  ruby  sulphur,  is  a  sulphide 
of  arsenic,  having  a  composition,  sulphur  29-91,  arsenic  70-09.  It  occurs  in  Hungary, 
Saxony,  and  Switzerland. 

Orpiment  (a  corruption  of  its  Latin  name,  aurigmentum — golden  paint),  yellow 
sulphide  of  arsenic  :  its  composition  is,  sulphur  39,  arsenic  61.  Bums  with  a  blue 
flame  on  charcoal,  and  emits  fumes  of  sulphur  and  arsenic.  Dissolves  in  niiro- 
muriatic  acid  and  ammonia. 

Both  realgar  and  orpiment  are  artificially  prepared  and  used  as  pigments.  See 
those  articles. 

Arsenic  is  a  brittle  metal,  of  an  iron-grey  colour,  with  a  good  deal  of  brilliancy. 
It  may  be  prepared  by  triturating  arsenious  acid,  or  the  white  arsenic  of  commerce, 
with  black  flux  (charcoal  and  carbonate  of  potash),  and  subliming  in  a  tube.  If 
arsenical  pyrites  are  ignited  in  close  tubes,  metallic  arsenic  sublimes,  and  sulphuret  of 
iron  remains.  This  metal,  when  exposed  in  the  air,  gradually  absorbs  oxygen,  and 
falls  into  a  grey  powder  i,  suboxide).    This  is  sold  on  the  Continent  as^V  pn">der. 

To  prepare  arsenic  on  a  larger  scale,  mispickel,  or  the  other  ores  employed,  are 
pounded  ;  some  pieces  of  old  iron  are  mixed  with  the  ore,  to  retain  the  combined 
sulphur,  and  the  mixture  placed  in  retorts  between  four  and  five  feet  in  length,  to 
which  receivers  are  adapted.  The  retorts  are  moderately  heated  by  a  fire  placed 
beneath  them ;  the  ores  are  decomposed,  and  metallic  arsenic  is  sublimed  and  con- 
densed in  the  receivers.  The  arsenic  obtained  in  this  way  is  purified  by  a  second 
distillation  with  a  little  charcoal.  .  ... 

Arsenic  is  used  in  small  quantities  in  the  preparation  of  several  alloys  ;  it  is  em- 
ployed in  the  manufacture  of  opal  glass ;  also  is  much  used  in  the  manufacture  ot 
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shot  to  Nvhich  it  imparts  a  certain  degree  of  hardness  ;  and,  by  preventing  the  dis- 
toi  tion  of  the  falling  drops  of  metal,  and  thus  securing  regular  globules,  the  manufac- 

*"lRSEmO  J?aSd;  Wldte  Arsenic,  Flowers  of  Arsenic.-T\.\s  is  the  white  arsenic 
of  VomnK.rce,  usually  called.  Arsenic.  It  is  obtained  in  this  country  from  the  arsemcal 
ores  oHron,  in,  &c.,  and  on  the  Continent  from  those  of  cobalt  and  nickel.  It  is 
prepared  b^  heating  the  ores  containing  arsenic  on  the  sole  of  a  rcTerberatory  fur- 
nace through  which  a  current  of  air,  after  passing  through  the  grate  is  allowed  to 
play.'  The  following  ores  are  the  more  remarkable  of  this  class,— the  quantity  ot 
arsenic  in  100  grains  is  given  in  each  case. 

Mispickel,  or  arsenical  iron  -----  42-88 
LSlingite,  arsenical  pyrites  -----  65-88 
Kupfernickel,  arsenical  nickel  .  -  -  -  54-73 
Rammelsbergite,  white  arsenical  nickel  -  -  -  72-64 
Smaltine,  tin-white  cobalt  -----  74-22 
Siifflorite,  arsenical  cobalt    -----  70-37 

In  the  roasting  of  tin  ores,  a  considerable  quantity  of  arsenious  acid  is  collected  in 
the  flues  leading  from  the  furnaces  in  which  this  process  is  effected. 

The  extraction  of  white  arsenic  from  the  cobalt  ores  is  performed  at  Altenberg  and 
Reichenstein,  in- Silesia,  with  an  apparatus  excellently  contrived  to  protect  the  health 
of  the  smelters  from  the  vapours  of  this  metallic  sublimate. 

Figs.  "1  to  74  represent  the  arsenical  furnaces  at  Altenberg.    Fig.  71  is  a  vertical 


section  of  the  poison  tower ;  fig.  11  a  longitudinal  section  of  the  subliming  furnace  a, 
with  the  adjoining  vault  n,  and  the  poison  tower  in  part  at  n ;  fig.  73,  the  transverse 
section  of  the  furnace  a,  of  fig.  72  ;  fig.  74  ground  plan  of  the  furnace  A,  where  the 
left  half  shows  the  part  above,  and  the  right  the  part  below  the  muflae  or  oblong  re- 
torts ;  b'  is  the  npper  view,  b"  the  ground  plan  of  the  vault  b,  of 72  ;  in,  n,  the 
base  of  the  poison  tower.  In  the  several  figures  the  same  letters  denote  the  same 
objects  :  a  is  the  muffle  -,  b  is  its  mouth  for  turning  over  the  arsenical  schlich  or  ground 
ore  I  c  c  c,  fire  draughts  or  flues;  nf,  an  aperture  for  charging  the  muffle' with  fresh 
schlich  ;  e,  the  smoke  chimney  ;  /,  two  channels  or  flues  for  the  ascent  of  the  arsenious 
fumes,  which  proceed  to  other  two  flues  q,  and  then  terminate  both  in  h  which  con 
ducts  the  fumes  into  the  vault  n.   They  issue,  by  the  door  i,  into  the  conduit  k  thence 
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by  1  luto  the  spaces  m,  n,  o,  p,  q,  r,  of  the  tower,  incondensable  gases  escape  by 

the  chimney,  s.  The  cover  t  is  removed  after  completion  of  the  process,  in  order  to 
push  down  the  precipitate  into  the  lower  compartments. 

The  arsenious  schlichs,  to  the  amount  of  9  or  10  cwt.  for  one  operation  (1  roast-post, 
or  roasting  round),  are  spread  2  or  3  inches  thick  upon  the  bottom  of  the  muffle,  heated 
with  a  brisk  fire  to  redness,  then  with  a  gentler  heat,  in  order  to  oxidise  completely, 
before  subliming,  the  arsenical  ore.  With  this  view  the  air  must  have  free  entrance, 
and  the  front  aperture  of  the  muffle  must  be  left  quite  open.  After  11  or  12  hours,  tlie 
calcined  materials  are  raked  out  by  the  mouth  of  the  muffle,  and  fresh  ones  are  intro- 
duced by  the  openings  indicated  above,  which  are  closed  during  the  sublimation. 

The  arsenious  acid  found  in  these  passages  is  not  marketable  till  it  be  re-sublimed 
in  large  iron  pots,  surmounted  wilh  a  series  of  sheet-iron  drums  or  cast-iron  cylinders, 
upon  the  sides  of  which  the  arsenic  is  condensed  in  its  compact  glassy  form.  The  top 
cylinder  is  furnished  with  a  pipe  which  terminates  in  a  condensing  chamber. 

Figs.  75,  76,  represent  the  arsenic  refining  furnaces  at  Reichenstein.    Fig.  75  shows 

at  A,  a  vertical  section  of  the  furnace. 


1     M.       .   w«  ...WW-  w-  7 

the  kettle,  and  the  surmounting  drums 
or  cylinders ;  over  b  it  is  seen  in  ele- 
vation ;  Jig.  76  is  a  ground  plan  of 
the  four  fireplaces,  a  is  the  grate  ; 
b,  the  ash-pit  ;  c,  the  openings  for 
firing ;  d,  the  fire-place  ;  e,  iron  pots 
or  kettles  which  are  charged  with  the 
arsenious  powder  ;  /,  the  fire  flues 
proceeding  to  the  common  chimney  g ; 
h,  iron  cylinders  ;  i,  caps ;  k,  pipes 
leading  to  the  poison-vent  / ;  m,  open- 
ings in  the  pipes  for  introducing  the 
probing  wires. 

The  conduct  of  the  process  is  as 
follows :  —  The  pot  is  filled  nearly  to 


(,.  I'.  1  .\  'i/ 


its  brim  with  Z\  cwt.  of  the  arsenic  meal;  the  cylinders  are  fitted  on  by  means  of  then- 
handles  and  luted  together  with  a  mixture  of  loam,  blood,  and  hair  ;  then  is  applied 
first  a  gentle,  and  after  half  an  hour,  a  strong  fire,  whereby  the  arsenic  is  raised 
oartlv  in  the  form  of  a  white  dust,  and  partly  in  crystals  ;  which,  by  the  continuance 
of  the  heat,  fuse  together  into  a  homogeneous  mass.  If  the  fire  be  too  feeb  e,  only  a 
sublimate  is  obtained  ;  but  if  too  violent,  much  of  the  arsenic  is  volatilised  into  the 
n?Des  The  workmen  judge  by  the  heat  of  the  cylinders  whether  the  operation  be 
K  on  weU  or  not.  After  (2  hours  the  furnace  is  allowed  to  cod  provided  the 
Swires  show  that  the  sublimation  is  over.  The  cylinders  are  then  lifted  off, 
and  tir  arseuious  glass  is  detached  from  their  inner  surface.  According  to  the  quality 
of  tl  e  noisonlfloui?  it  yields  from  ^ths  to  Jths  of  its  weight  of  the  glass  or  ename  . 
Should^any  darlc  partides  of  metallic  arsenic  be  intermixed  with  the  glass,  a  fresh 

snVilimation  must  be  had  recourse  to.  ,  .  .      1  i.   ;j 

InXse  operations,  if  any  sulphur  is  present  it  is  converted  into  sulphurous  acid, 
wh^ch  escapees  tCugh  the  chimney,  while  the  arsenious  acid  is  condensed  m  proper 
rhaS,ers  £ed  fn  ^the  flues  to  receive  it.  Freshly  prepared  arsenious  acid  is  a 
^rf^ct^™^^^^^^      ^ol'-i  ^"^^      ^''P^'""  transformed  mto  an 

opaque  body  resembling  por^^^^^^^^  preparation  of  various  pigments,  as  the 

uZ'luTlS^T^i^^^    -  orfimLt,  and  also  in  the  mineral  g..ens 
^^R^i^JlL.\.    It  is  emVoyed  in  glass  and  ^^^^  ^^^f;/^^^^^^^^^ 
sidcrable  discussion  has  arisen  from  a  statement  made  by        f  -  f;  T^j'^''  '^^^^^ol 
arsenic  employed  in  paper-hangings  was  removable  from  the  surface  by  Iriction, 
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•  •  ■  =  ^ffprt.  hnd  resulted  from  the  use  of  such  paper.  Although, 
and  that  many  injurious  effects  had  ^f^.''"^^  ...ions  of  the  arsenic  may  escape  as 
under  some  circumstances,  it  is  P°«^'^l«  P^^'^o^bt  its  exerting  any  injurious 
dust  from  the        of  a  room  we  are  d'sP^f  d  °  J^^^  they  are  necessarily 

effects.     Even  the  men  employed  in  burnmg-^"''^^  ^^J^h.    The  following  letter 
exposed  to  the  escaping  oxide  do  not  appear  to  suffer  >n  J^aun. 

published  by  Mr.  Alfred  E.  Fl;t<=her  is  much  to  the  poin  •  commercially 
of  a  similar  tint  is  that,  besides  having  greater  bril  lancy,  it  is  qii"^  pei 

Tent  on  it  wouM  ind"e^?^^^^^  just  cause  of  alarm,  when  we  reflect  that  on  the  wa  Is  of 
houses°n  hTs  ^untry  are  displayed  some  hundred  millions  of  square  yards  of  paper 
most  of  wWcL  carries^on  its  surface  a  portion  of  arsenical  colouring  matter  ;  our  books 
Tre  bound  with  mper  and  cloth  so  coloured,  cottons  and  silks,  woollen  fabrics  and 
leather  are  a^^ke^lo^aded  with  it.  Now,  it  is  stated  that  in  a  medical  work  an  instance 
s  noted  in  thich  injury  has  been  received  by  those  living,  m  rooms  decorated  with 
hese  colours  :  surely  were  the  proximity  of  such  materia  s  injurious,  it  would  not  be 
necessary  to  search  in  recondite  books  for  the  registry  of  isolated  cases.  The  fact  of 
tI  e  Ce  extent  to  which  such  materials  have  always  been  employed  is  a  sufficient 
proof  that  there  is  no  danger  attending  their  use  ;  moreover,  workmen  who  have  been 
SemplS^dfor  many  years  in  manufacturing  large  quantities  of  these  colours 
undir  Z  necessity  of  constantly  handling  them,  are  in  the  regular  enjoyment  of 
perfect  health,  though  exposed  also  to  the  general  influences  of  a  chemical  factory. 
Let  blame  be  laid  af  the  right  door,  and  let  the  public  be  assured  that  i  is  not  the 
looking  at  cheerful  waUs,  the  fingering  of  brightly  ornamented  books,  nor  the  rearing 
.  of  tastefully  coloured  clothing,  that  wHl  hurt  them,  but  the  dwelling  in  ill- ventilated 

'°Xsen!<eo/  Copper.— Scheele's  green  is  a  combination  of  arsenious  acid  with  oxide  of 
copper,  or  an  arsenite  of  copper,  and  is  described  under  that  metal. 

Arseniate  of  Potash  is  prepared,  in  the  small  way,  by  exposing  to  a  moderate  heat,  in 
a  crucible,  a  mixture  of  equal  parts  of  white  arsenic  and  nitre  in  powder.  After  fusion 
the  crucible  is  to  be  cooled ;  the  contents  being  dissolved  in  hot  water,  and  the  solution 
filtered  will  afford  regular  crystals  on  cooling.  According  to  M.  Berzelms,  they  are 
composed  of  arsenic  acid,  63-87  ;  potash,  26-16  ;  and  water,  9  97.  It  is  an  acidulous 
salt  and  is  hence  usu-ally  called  the  binarseniate,  to  denote  that  its  composition  is  2 
atoms  of  arsenic  acid  and  1  of  potash.  This  article  is  prepared  upon  the  great  scale, 
in  Saxony,  by  melting  nitre  and  arsenious  acid  together  in  a  cylinder  of  cast  iron.  A 
neutral  arseniate  also  is  readily  formed  by  saturating  the  excess  of  acid  in  the  above 
salt  with  potash ;  it  does  not  crystallise.  The  acid  arseniate  is  occasionally  used  m 
calico  printing,  for  preventing  certain  points  of  the  cotton  cloth  from  taking  on  the 
mordant ;  with  which  view  it  is  mixed  up  with  gum  water  and  pipe  clay  into  a  paste, 
which  is  applied  to  such  places  with  a  block. 

Arsenic,  Poisoning  by.  —  This  poison  is  so  commonly  the  cause  of  death, 
by  accident  and  by  design,  that  it  is  important  to  name  an  antidote  which  has  been 
employed  with  very  great  success. 

This  is  the  hydrated  peroxide  of  iron.  This  preparation  has  no  action  on  the 
system,  and  it  may  therefore  be  administered  as  largely  and  as  quickly  as  possible. 
The  following  statement  will  render  the  action  of  this  hydrated  salt  intelligible. 
When  hydrated  peroxide  of  iron  is  mixed  in  a  thin  paste  with  the  solution  of  arseni- 
ous acid,  this  disappears,  being  changed  into  arsenic  acid  (a  far  less  active  oxide),  and 
the  iron  into  protoxide  SFe^  and  As  producing  4Fe  O  +  A^  The  hydrated 
peroxide  of  iron  may  be  made  in  a  few  minutes  by  adding  carbonate  of  soda  to 
any  salt  of  the  red  oxide  of  iron  (permuriate,  muriate,  acetate,  &c.).  It  need  not  be 
washed,  as  the  liquor  contains  only  a  salt  of  soda,  which  would  be,  if  not  beneficial, 
certainly  not  injurious. — Kane. 

Detection  of  Arsenic  in  Cases  of  Poisoning. 
Arsenious  acid,  which  is  almost  always  the  form  in  which  the  arsenic  has  entered 
the  system,  possesses  the  power  of  preventing  the  putrefaction  of  animal  substances ; 
and  hence  the  bodies  of  persons  that  have  been  poisoned  by  it  do  not  readily  putrefy. 
The  arsenious  acid  combines  with  the  fatty  and  albuminous  tissues  to  form  solid 
compounds,  which  are  not  susceptible  of  alteration  under  ordinary  circumstances. 
It  hence  has  frequently  occurred  that  the  bodies  of  persons  poisoned  by  arsenic 
have  been  found,  long  after  death,  scaroely  at  all  decomposed  ;  and  even  where  the 
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general  mass  of  the  body  had  completely  disappeared,  the  stomach  and  intestines 
naa  remained  preserved  by  the  arsenious  acid  which  had  combined  -with  them  and 
Dy  Its  detection  the  crimes  committed  many  years  before  have  been  brought  to  lii?ht 
and  punished.  —  Ka7ie. 

The  presence  of  arsenic  may  be  determined  by  one  of  the  following  methods  •  — 

1.  Portions  of  the  contents  of  the  stomach  or  bowels  being  gently  heated  in  a  glass 
tube,  open  at  both  ends,  the  arsenic,  if  in  any  quantity,  will  be  sublimed,  and  col- 
lected as  minute  brilliant  octahedrons. 

2.  Or  by  the  presence  of  organic  matter  ;  if  the  ignition  is  effected  in  a  tube  closed 
at  one  end,  metallic  arsenic  sublimes,  forming  a  steel-grey  coat,  and  emitting  a  strong 
smell  of  garlic.  at, 

3.  Ammonia  Nitrate  of  Silver  produces  a  canary-yellow  precipitate  from  a  solution 
of  arsenious  acid  (arsemte  of  silver).  The  phosphate  of  soda  produces  a  yellow  pre- 
cipitate of  tnbasic  phosphate  of  silver,  which  exactly  resembles  the  arsenite.  The 
phosphate  is,  however,  the  more  soluble  in  ammonia,  and  when  heated  gives  no 
volatile  product ;  while  the  arsenite  is  decomposed  with  white  arsenic  and  oxygen 
leaving  metallic  silver  behind.  ' 

4.  Ammonia  Sulphate  of  Copper  produces  a  fine  apple-green  precipitate,  which  is 
dissolved  in  an  excess  of  either  acid  or  ammonia.  It  is,  however,  uncertain,  unless 
the  precipitate  be  dried  and  reduced. 

5.  The  Reduction  Test. — Any  portion  of  the  suspected  matter,  being  dried,  is  mixed 
with  equal  parts  of  cyanide  of  potassium  and  carbonate  of  potash,  both  dry.  This 
mixture  is  to  be  introduced  into  a  tube  terminating  in  a  bulb,  to  which  heat  is 
applied,  when  metallic  arsenic  sublimes. 

6.  Marsh's  Test. — This  is  one  of  the  most  delicate  and  useful  of  tests  for  this  poison, 
and  when  performed  with  due  care  there  is  little  liability  to  error.  The  liquid  con- 
tents of  the  stomach,  or  any  solution  obtained  by  boiling  the  contents,  is  freed  as 

— ^1  much  as  possible  from  animal 

^  «  matter  by  any  of  the  well 

known  methods  for  doing  so. 
This  fluid  is  then  rendered 
moderately  acid  by  sulphuric 
>j1  acid,  and  introduced  into  a 

bottle  properly  arranged. 

Fig.  77  is  the  best  form 
for  Marsh's  apparatus  : —  a 
is  a  bottle  capable  of  hold- 
ing half,  or,  at  most,  a  pint. 
Both  necks  are  fitted  with  new 
perforated  corks,  which  must 
be  perfectly  tight.  Through 
one  of  these  the  funnel  tube, 
b,  is  passed  air-tight,  and  through  the  other  the  bent  tube,  c,  which  is  expanded  at  e 
into  a  bulb  about  an  inch  in  diameter.  This  bulb  serves  to  collect  the  particles  of 
liquid  which  are  thrown  up  from  the  contents  of  the  bottle,  and  which  drop  again  into 
the  latter  from  the  end  of  the  tube.  The  other  end  of  the  tube  is  connected,  by  means 
of  a  cork,  with  tube  d,  about  six  inches  long,  which  is  filled  with  fused  chloride  of 
calcium,  free  from  powder,  destined  to  retain  the  moisture.  In  the  opposite  end  of 
the  tube  d  is  fixed,  air  tight,  another  tube,  e,  made  of  glass  free  from  lead,  12  inches 
long,  and,  at  most,  V^th  of  an  inch  in  internal  diameter.  It  must  be  observed  that  the 
funnel  tube  d  is  indispensably  necessary  to  introduce  the  fluid  to  the  pieces  of  per- 
fectly pure  metallic  zinc  already  placed  in  the  bottle.  Hydrogen  gas  is  at  once 
formed,  and  if  arsenic  is  present,  in  even  the  smallest  quantity,  it  combines  with  the 
hydrogen,  and  (gaseous  arseniuretted  hydrogen)  escapes.  If  the  gas  as  it  issues  from 
the  jet  is  set  on  fire,  no  product  but  water  is  generated  if  the  hydrogen  is  pure  ;  and 
by  holding  against  the  flame  a  cold  white  porcelain  basin,  or  piece  of  glass,  or  ot 
mica,  no  steam  is  produced,  and  a  dew  is  formed  upon  the  cold  surface.  It  arsenic  be 
present,  a  deposit  is  obtained,  which,  according  to  the  part  of  the  flame  in  which  the 
substance  to  receive  it  is  placed,  will  be  either  a  brown  stain  of  metallic  arsenic  or  a 
white  one  of  arsenious  acid.  If  the  quantity  of  arsenic  is  too  small  to  be  detected  m 
this  way,  it  will  be  well  to  ignite  the  horizontal  part  of  the  tube.  All  the  arseniu- 
retted hydrogen  will,  in  passing  that  point,  become  decomposed,  and  deposit  its 
arsenic.  The  heat  will  drive  this  forward,  and  a  little  beyond  the  heated  portion 
metallic  arsenic  will  be  condensed.  Several  precautions  are  necessary  to  be  obscrvea; 
but  for  the  details  of  those  we  must  refer  to  works  especially  directed  to  the  consicier- 
ation  of  this  subject.  One  source  of  error  must,  however,  be  alluded  to.  -^  com- 
pound of  antimony  and  hydrogen  is  formed  under  similar  circumstances;  ana  tins 
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gas  in  many  respects  resembles  the  compound  of  arsenic  and  hydrogen.  If  the  stain 
formed  by  the  flame  is  arsenic,  it  -will  dissolve,  when  heated,  in-  a  drop  or  two  of 
sulpho-hydride  of  ammonia,  and  a  lemon-yellow  spot  is  left ;  if  antimony  is  present, 
it  leaves  a  yellow  stain. —  Wtihler. 

If  a  drop  of  bi'omine  is  placed  on  a  saucer,  and  a  capsule  containing  arsenical  spots 
inverted  over  it,  the  spots  take  a  very  bright  lemon-yellow  tinge  in  a  short  time.  Anti- 
monial  spots,  under  the  same  circumstances,  are  acted  on  much  more  rapidly  (in  about 
five  seconds  at  a  temperature  of  52°  F.),  and  assume  an  orange  shade.  Both  become 
colourless  if  exposed  to  the  air,  and  are  again  restored  if  treated  with  a  strong  solu- 
tion of  sulphuretted  hydrogen.  The  secondary  yellow  of  the  arsenical  spots,  as 
observed  by  Lassaigne,  disappears  on  the  addition  of  ammonia,  whilst  that  of  antimo- 
nial  spots  remains  untouched.  A  concentrated  solution  of  iodate  of  potash  turns 
arsenical  spots  of  a  cinnamon-red  and  dissolves  them  almost  immediately.  On  anti- 
monial  spots  it  has  no  visible  action  within  three  or  four  hours.  Solutions  of  the 
hypochlorites  (chlorides)  of  soda  and  lime  and  chlorine  water  disvsolve  arsenical  spots 
instantaneously,  leaving  those  of  antimony.  A  concentrated  solution  of  the  chlorate 
of  potash  gradually  acts  upon  arsenical  spots,  but  not  upon  those  of  antimony.  The 
nitroprusside  of  potassium,  on  the  other  hand,  slowly  dissolves  antimony,  producing 
no  perceptible  effect  upon  arsenic.  The  statement  of  Bischoff,  that  arsenical  spots 
were  soluble,  antimonial  insoluble,  in  a  solution  of  the  chloride  of  sodium,  could  not 
be  verified,  as,  after  repeated  trials,  it  was  found  to  leave  both  not  perceptibly  affected. 
The  chlorine  of  barium,  the  hypochlorate  and  the  sulphite  of  ammonia,  afforded  like- 
wise no  distinguishing  action.  The  nitrate  of  ammonia  dissolves  arsenical  more  rapidly 
than  antimonial  stains.  Of  these  reactions  the  most  decisive  are  those  of  iodate  of 
potash,  hypochlorites  of  soda  and  lime,  and  fresh  chlorine  water. 

It  is  well  known  that  fluids  mixed  with  glutinous  matter  are  very  liable  to  froth  up 
when  hydrogen  is  disengaged  in  them,  from  the  mutual  action  of  zinc  and  a  dilute 
acid ;  and  that  the  froth  obstructs  the  due  performance  of  the  experiment  of  Marsh. 
A  committee  appointed  by  the  Prussian  Government  contrived  an  ingenious  modi- 
fication of  Marsh's  apparatus,  the  annexed  form  (fig.  78)  representing  an  ingenious 
simplification  of  it  by  Dr.  Ure  :  —  a,  is  a  narrow  glass  cylinder,  open  at  top,  about  10 
inches  high,  and  IJ  or  I J  inch  diameter  inside;  b  is  a  glass  tube,  about  1  inch  diameter 
outside,  drawn  to  a  point  at  bottom,  and  shut  with  a  cork  at  top.  Through. the 
centre  of  this  cork  the  small  tube  c  passes 


down  air-tight,  and  is  furnished  at  top  with 
a  stopcock,  into  which  the  bent  small  tube 
of  glass  (without  lead)  e  is  cemented.  The 
bent  tube  f  is  joined  to  the  end  of  e  with  a 
collar  of  caoutchouc,  or  a  perforated  cork, 
which  will  be  found  more  convenient. 

The  manner  of  using  this  apparatus  is  as 
follows  :  —  Introduce  a  few  oblong  slips  of 
zinc,  free  from  arsenic,  into  b,  and  then 
insert  its  air-tight  cork  with  the  attached 
tubes.  Having  opened  the  stopcock,  pour 
into  A  as  much  of  the  suspected  liquid, 
acidulated  with  dilute  hydrochloric  or 
sulphuric  acid  (each  pure)  as  will  rise  to 
the  top  of  the  cork,  after  b  is  full,  and 
immediately  shut  the  stopcock.  The 
generated  hydrogen  will  force  down  the 
liquid  out  of  the  lower  orifice  of  B  into  A, 
and  raise  the  level  of  it  above  the  cork. 
The  extremity  of  the  tube  f  being  dipped 
beneath  the  surface  of  a  weak  solution  of 
nitrate  of  silver,  and  a  spirit-flame  beine 
placed  a  little  to  the  left  of  the  letter  e,  the 
stopcock  is  then  to  be  slightly  opened,  so 
that  the  gas  which  now  fills  the  tube  b 
may  escape  so  slowly  as  to  pass  off  in 
separate  small  bubbles  through  the  silver 
solution.  By  this  means  the  whole  of  the 
arsenic  contained  in  the  arseniuretted  hy- 
rir^n-oT,  ,„;ii   T,„  dcposlted  either  in  (he 
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drogen  will  be 

metallic  state  upon  the  inside  of  the  tube  e,  or  with  the  silver  into  the  characteristic 
^ut  tliuheTinnn  H^'''^  in  B  being  expended,  the  stopcock  is  to  be 

shut  till  the  liquid  be  again  expelled  from  it  by  a  fresh  disengagement  of  hydrogen 
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The  ring  of  metallic  arsenic  deposited  beyond  e  may  be  chased  onwards  by  placing 
a  second  flame  under  it,  and  thereby  formed  into  an  oblong  brilliant  steel-like  mirror. 
It  is  evident  that  by  the  patient  use  of  this  apparatus  the  -whole  arsenic  in  any 
poisonous  liquid  may  be  collected,  weighed,  and  subjected  to  every  kind  of  chemical 
verification.  If  f  be  joined  to  e  by  means  of  a  perforated  cork,  it  may  readily  be 
turned  about  and  its  taper  point  raised  into  a  position  such  as  when  the  hydrogen 
issuing  from  it  is  kindled,  the  flame  may  be  made  to  play  upon  a  surface  of  glass  or 
porcelain,  in  order  to  produce  the  arsenical  mirror. 

7  Eelnsch's  Test.  —  Professor  Reinsch  has  proposed  -an  entirely  new  method  of 
dcte'ctin"-  arsenic,  which  consists  in  acidulating  any  suspected  fluid  with  hydrochloric 
acid  heating  in  it  a  thin  plate  of  bright  copper,  upon  which  the  arsenic  is  deposited  in 
the  form  of  a  thin  metallic  crust,  and  then  separating  the  arsenic  from  the  copper  in 
the  state  of  o.vide  by  subjecting  the  copper  to  a  low  red  heat  in  a  glass  tube.  Organic 
fluids  and  solids  suspected  to  contain  arsenic,  may  be  prepared  for  this  purpose  by 
boiling  them  for  half  an  hour  with  a  little  hydrochloric  acid ;  solid  matters  being  cut 
into  small  shreds,  water  being  added  in  sufficient  quantity  to  let  the  ebullition  go  on 
quietly,  and  care  being  taken  to  continue  the  boiling  until  the  solids  are  either  dis- 
solved, as  generally  happens,  or  are  reduced  to  a  state  of  minute  division. 

The  method  of  Reinsch  is  exceedingly  delicate,  for  it  is  adequate  to  detect  a 
250,000th  part  of  arsenic  in  a  fluid.  It  is  also  perfect  in  another  respect :  it  does  not 
leave  any  arsenic  in  the  subject  of  analysis  ;  none,  at  least,  which  can  be  detected  by 
any  other  means,  even  by  the  most  delicate  process  yet  proposed,  that  of  Mr. 

^Cut'the  copper  on  which  the  arsenic  is  deposited  into  small  chips,  so  that  they 
may  be  easily  packed  in  the  bottom  of  a  small  glass  tube,  and  apply  a  low  red  heat. 
A  white  crystalline  powder  sublimes  ;  and  if  this  be  examined  in  the  sunshme,  or 
with  a  candle  near  it,  a  magnifier  of  four  or  five  powers  will  enable  the  observer  to 
distinguish  the  equilateral  triangles  composing  the  facets  of  the  octahedral  crystals, 
which  are  formed  by  arsenious  acid  when  it  sublimes.  Sometimes  the  three  equal 
angles,  composing  a  corner  of  the  octahedron,  may  be  seen  by  turnmg  the  glass  in 
various  directions  If  triangular  facets  cannot  be  distmgmshed,  owing  to  ^^J^^^' 
ness  of  the  crystals,  then  shake  out  the  copper  chips,  close  the  open  end  of  the  tube 
with  the  finger,  and  heat  the  sublimed  powder  over  a  very  minute  spirit-lanip  flame 
rhasing  it  ul  and  down  the  tube  till  crystals  of  adequate  size  are  formed.  Next  boil 
a  Httle  distilled  water  in  the  tube  over  the  part  where  the  crystalline  powder  is 
collected  anTwhen  the  solution  is  cold,  divide  it  into  three  parts,  to  be  tested 
with  arnmoniacal  nitrate  of  silver,  ammoniacal  sulphate  of  copper,  and  sulphuretted 
bvdrop-en  either  in  the  state  of  gas  or  dissolved  m  water.      .    ,    .  ,  , 

T&aZ'sTest  -  If  a  solution  containing  arsenic  be  mixed  with  a  large  excess 
of  co^cenrated  solution  of  potassa,  and  boiled  with  fragments  of  granulated  z.nc 
Ssenruret  erhydrogen  is  evolved,  and  may  be  easily  reorganised  by  a  owing  it  to 
rass  ^tofpiece  of  filter  paper  spotted  over  with  solution  of  nitrate  of  si  ver.  These 

n£^l^^^SaSTS^=S^rS  ofArsen.  deserve  atten- 


*'°ThiI  active  and  easily  administered  poison  is  fortunately  one  of  those  niost  easily 
liiis  active  anu  easiij^  a  „^„f.psses  renuire  arreat  precaution  to  prevent  mis- 

and  certamly  ;  but  the^^^^^^  be  foond'after  any  lapse  of  time,  as 

taken  inferences  :  it  due  care  is  laKtu,  animal  remains.   The  longest  time 

well  as  after  the  most  ^TPl^rfd  bv  nwselfis  e  gh^^^  -as  the  else  of  an 

after  which  it  has  been  discovered  by  th^  coffin  was  full  of  earth, 

infant;  nothing  but  the  bones  of  the  sk^^^^^^^^^^  ^^^.^^^  the 

and  large  roots  of  a  tree  had  g[.°7'?^™|''^'bere  the  stomach  had  existed.  Many 
bones,  and  in  the  earth  immediately  ^elo^  J^^J^^  two  three,  four,  and  five  years 
cases  have  occurred  in  my  ^-P^^^^.X^  ^ntr  where  the  body  of  a  boy  had  been 
have  elapsed,  m  one  case,  after  ^^^'f^^^^^^^^^^^  one  of  three  stites,  white 

ru;;\.^  ^«  owingtothehydrosm- 

phuret  of  ammonia  <lis'^°g^Se'i,d"TSjl^rthe°o  d  processes  for  the  detection  of  this 
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be  present,  as  arseniuretted  hydrogen  ;  but  as  I  prefer  the  principle  first  proposed  by 
Reinsch,  and  have  always  acted  upon  it,  I  shall  confine  my  description  to  the  pro- 
cesses founded  upon  it.  The  principle  is  this  :  arsenic  mixed  or  combmed  with  any 
organic  matter  will,  if  boiled  with  pure  hydrochloric  acid  and  metallic  copper,  be  de- 
posited upon  the  copper ;  but  as  this  depositing  property  is  also  possessed  by  mercury, 
antimony,  bismuth,  lead,  and  tellurium,  subsequent  operations  are  required  to  discrimi- 
nate between  the  deposits.  I  take  pieces  of  copper  wire,  about  No.  13  size,  and  2^  inches 
long ;  these  1  hammer  on  a  polished  plane  with  a  polished  hammer,  for  half  their  length 
{fig.  79),  and  having  brought  the  sus-  79 

pected  matters  to  a  state  of  dryness,  and  ^   

boiled  the  copper  blade  in  the  pure  hy-  (  ^  ■■■  =-m 
drochloric  acid,  to  prove  that  it  contains   

no  metal  capable  of  depositing,  I  introduce  a  portion  of  the  suspected  matter  and  continue 
the  boiling  ;  if  the  copper  becomes  now  either  steel- grey,  blue,  or  black,  I  remove  it,  and 
wash  it  free  of  grease  in  another  vessel  in  which  there  is  hot  diluted  hydrochloric 
acid  ;  I  now  dry  it,  and,  with  a  scraper  with  a  fine  edge,  take  off  the  deposit  with 
some  of  the  adhering  copper,  and  repeat  the  boiling,  washing,  and  scraping,  so  as  to 
have  four  or  five  specimens  on  copper;  one  of  these  is  sealed  up  hermetically  in  a 
tube  for  future  production.    I  now  take  a  piece  of  glass  tube,  and  having  heated  it  in 
the  middle,  draw  it  out,  as  in  fig.  80,  dividing  it  at  a,  each  80 
section  being  about  2  inches  long,  the  wide  orifices  being  about  . — ^  ^ 
■pgths  of  an  inch  in  diameter,  and  |-  an  inch  long,  the  capLUary  /j^r'^^^C 
part  jth  of  an  inch  in  diameter  and  1^  inch  long ;  now,  by  ^  ^^^^"^^^ 
putting  one  portion  of  the  scrapings  into  one  of  the  tubes  at  B 
B,  and  holding  it  upwards  over  a  very  small  flame,  so  that  the 

volatile  products  may  slowly  ascend  into  the  narrow  portion  of  the  tube,  we  prove 
the  nature  of  the  deposit :  if  mercury,  it  condenses  in  minute  white  shining  globules ; 
if  lead  or  bismuth,  it  does  not  rise  but  melts  into  a  yellowish  glass,  which  adheres  to 
the  copper;  if  tellurium,  it  would  fall  as  a  white  amorphous  powder;  if  antimony,  it 
would  not  rise  at  that  low  temperature;  but  arsenious  acid  condenses  as  minute  octa- 
hedral crystals,  looking  with  the  microscope  like  very  transparent  grains  of  sand.  1 
make  three  such  sublimates,  one  of  which  is  sealed  up  like  the  arsenic  for  future  pro- 
duction. I  now  cut  the  capillary  part  of  another  of  the  tubes  in  pieces,  and  boil  it  in  a 
few  drops  (say  10)  of  distilled  water,  and  when  cold  drop  three  or  four  drops  on  a 
plate  of  white  porcelain,  and  with  a  glass  rod  drop  one  drop  of  ammoniacal  sulphate 
of  copper  in  it :  and  now  to  make  the  colours  from  this  and  the  next  test  more  con- 
spicuous, I  keep  a  chalk  stone,  planed  and  cleaned,  in  readiness,  and  placing  on  it  a 
bit  of  clean  white  filtering  paper,  I  conduct  the  drops  of  copper  test  upon  the  paper, 
which  permits  the  excess  of  copper  solution  to  pass  through  into  the  chalk,  but  retains 
the  smallest  proportion  of  Scheele's  green;  the  other  few  drops  of  the  solution  are  treated 
the  same  way  with  the  ammoniacal  nitrate  of  silver.  When  I  get  the  yellow  precipitate 
of  arsenite  of  silver,  the  papers,  with  these  two  spots,  are  now  dried  and  sealed  up  in 
a  tube  as  before,  and  that  with  the  silver  must  be  kept  in  the  dark,  or  it  will  become 
black.  I  have  still  one  of  the  tubes  with  the  arsenical  sublimate  remaining;  through 
this  I  direct  a  stream  of  hydrosulphuric  acid  gas  for  a  few  seconds,  which  converts 
the  sublimate  into  yellow  orpiment.  I  have  now  all  five  tests :  the  metal,  the  acid, 
arsenite  of  copper,  arsenite  of  silver,  and  yellow  sulphuret ;  and  the  Tuijrootli  of  a  grain 
of  arsenic  is  sufficient  in  adroit  hands  to  produce  the  whole  ;  but  all  five  must  he  pre- 
sent, or  there  is  no  positive  proof,  for  many  matters  will  cause  a  darkness  of  the  copper 
in  the  absence  of  arsenic, — sulphurets  even  from  putrefaction  ; — but  there  is  no  subli- 
mate in  the  second  operation,  because  the  sulphur  burns  into  sulphurous  acid  and  passes 
off  upwards.  Corn,  grasses,  and  earth  slightly  darken  it  from  some  unknown  cause, 
but  produce  no  sublimate  ;  so,  if  the  solution  of  suspected  arsenious  acid  is  tested  with 
the  copper  test  while  hot,  it  will  produce  a  greenish  deposit  of  oxide  of  copper,  through 
the  heat  dissipating  a  little  ammonia,  or  if  the  copper  blade  has  not  been  deprived  of 
grease  by  the  diluted  hydrochloric  acid,  the  subluned  acid  from  the  grease  will  pre- 
cipitate copper  from  that  test ;  but  as  much  of  the  sulphuric  acid  of  commerce,  and 
nearly  all  such  hydrochloric  acid  and  some  commercial  zinc  contains  arsenic,  nothing- 
can  excuse  a  toxicologist  who  attempts  to  try  for  arsenic  if  he  has  not  previously 
experimented  with  all  his  reagents  before  he  introduces  the  suspected  matters  I 
should  also  mention  that  this  metal  is  to  be  found  in  all  parts  of  the  body,  but  loneest 
and  in  greatest  quantity,  in  the  liver,  where  it  is  frequently  found  many  davs  after  it 
has  disappeared  from  the  intestines.  —  W.  Herapalh. 

Arsenmus  acid  of  commerce  is  frequently  adulterated  with  chalk  or  plaster  of 
Pan.s.    These  impurities  are  very  easily  detected,  and  their  proportions  estimated 
Arsenion.s  acid  is  entirely  volatilised  by  heat,  consequently  it  is  siifiicient  to  exnose 
a  weighed  quantity  of  the  substance  to  a  temperature  of  about  400°  F  in  a  capsule  or 
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crucible.  The  whole  of  the  arsenic  will  pass  off  in  fumes,  while  the  impurities  will 
be  left  behind  as  a  fixed  residuum,  which  can,  upon  cooling,  be  weighed. 

It  is  scarcely  necessary  to  state  that,  the  fumes  of  arsenic  being  very  poisonous, 
the  volatilisation  should  be  carried  on  under  a  chimney  having  a  good  draught. 

Our  Imports  of  Arsenic  were  as  follows : — 

1855    73cwts. 

1856    163  „ 

ARTESIAN  WELLS.  Under  this  name  is  designated  a  cylindrical  perforation, 
bored  vertically  down  through  one  or  more  of  the  strata  of  the  earth,  till  it  passes  into 
a  porous  gravel  bed  containing  water,  placed  under  such  incumbent  pressure  as  to 
make  the  fluid  rise  through  the  perforation,  either  to  the  surface  or  to  a  height  con- 
venient for  the  operatitm  of  a  pump.  In  the  first  case,  these  wells  are  called  spouting 
or  overflowing.  These  wells  derive  their  name  from  Artois,  one  of  the  provinces  of 
France,  in  the  diparlemenl  du  pas  de  Calais,  where  the  practice  of  employing  them  was 
revived.    They  have  been  used  for  a  long  period  in  the  East  and  in  Italy. 

M.  Lefebvre,  "  Comptes  Rendus  de  I'Acad.  des  Sciences,  1838,"  describes  several 
very  ancient  Artesian  wells,  which  were  discovered  by  M.  Ayme  in  the  Oasis  of 
Thebes.  These  appear  to  have  been  sunk  through  80  feet  of  clay  and  marls,  and 
then  through  300  feet  of  limestone.  M.  Ayme  states  that  in  the  Lybian  desert, 
where  there  are  no  rivers  or  springs,  and  upon  which  rain  never  falls,  formerly  a 
large  population  was  supplied  with  water  by  Artesian  wells,  several  of  which  have 
been  cleared  out  and  restored  by  this  French  engineer  with  perfect  success.  The 
"  Wells  of  Solomon  "  in  the  plains  of  Tyre  are  supposed  to  be  of  this  description. 
There  are  now  many  such  wells  in  London  and  its  neighbourhood,  perforated  through 
the  immensely  thick  bed  of  the  London  clay,  and  even  through  some  portions  of  the 
subjacent  chalk. 

The  formation  of  Artesian  wells  depends  on  two  things,  essentially  distinct  from 
each  other  :  1 ,  On  an  acquaintance  with  the  physical  constitution  of  the  rocks  forming 
the  district  of  any  country  and  their  relative  situations,  in  the  locality  where  the  water 
supply  is  required,  and  in  those  distant  spots  from  which  the  water  is  expected  to  be 
derived ;  and,  2,  On  the  skilful  direction  of  the  processes  by  which  we  can  reach  the 
water  level,  and  of  those  by  which  we  can  promote  its  ascent  in  the  tube. 

The  operations  employed  for  penetrating  the  soil  are  entirely  similar  to  those 
daily  practised  by  the  miner ;  but  the  well  excavator  must  resort  to  peculiar  expe- 
dients to  prevent  the  purer  water,  which  comes  from  deep  strata,  mingling  with  the 
cruder  waters  of  the  alluvial  beds  near  the  surface  of  the  ground,  as  also  to  prevent 
the  small  perforation  getting  eventually  filled  with  rubbish. 

The  cause  of  overflowing  wells  has  been  ascribed  to  a  variety  of  circumstances. 
But,  as  it  is  now  generally  admitted  that  the  numerous  springs  which  issue  from  the 
ground  proceed  from  the  infiltration  of  the  waters  progressively  condensed  in  rain, 
dew,  snow,  &c.  upon  the  surface  of  our  globe,  the  theory  of  these  interior  streamlets 
becomes  by  no  means  intricate  ;  being  analogous  to  that  of  syphons  and  water  jets, 
as  expounded  in  treatises  of  physics.  The  waters  are  diffused,  after  condensation, 
upon  the  surface  of  the  soil,  and  percolate  downwards,  through  the  various  pores  and 
fissures  of  the  geological  strata,  to  be  again  united  subterraneously  in  veins,  rills, 
streamlets,  or  expanded  films,  of  greater  or  less  magnitude  or  regularity.  The  beds 
traversed  bv  numerous  disjunctions  will  give  occasion  to  numerous  interior  currents 
in  all  directions,  which  cannot  be  recovered  and  brought  to  the  day ;  but  when  the 
ground  is  composed  of  strata  of  sand,  or  gravel  very  permeable  to  water,  separated  by 
other  strata  nearly  impervious  to  it,  reservoirs  are  formed  to  our  hand,  from  which  an 
abundant  supply  of  water  may  be  spontaneously  raised.  In  this  case,  as  soon  as  the 
upper  stratum  is  perforated,  the  waters  may  rise,  in  consequence  of  the  hydrostatic 
pressure  upon  the  lower  strata,  and  even  overflow  the  surface  in  a  constant  stream, 
provided  the  level  from  which  they  proceed  be  proportionally  higher. 

The  sheets  of  water  occur  principally  at  the  separation  of  two  contiguous  formations ; 
and,  if  the  succession  of  the  geological  strata  be  considered,  this  distribution  of  the 
water  will  be  seen  to  be  its  necessary  consequence.  In  fact,  the  lower  beds  are  fre- 
quently composed  of  compact  sandstone  or  limestone,  and  the  upper  beds  of  clay.  In 
level  countries,  the  formations  being  almost  always  in  horizontal  beds,  the  waters 
which  feed  the  Artesian  wells  must  come  from  districts  somewhat  remote,  where  the 
strata  are  more  elevated,  as  towards  the  second  and  transition  rocks.  The  copious 
streams  condensed  upon  the  sides  of  these  colder  lands  may  be  therefore  regarded  as 
the  proper  reservoirs  of  our  wells.  „  ,  , 

Fig.  81  represents  the  manner  in  which  the  condensed  water  of  the  heavens  may  be 
supposed  to  distribute  itself  upon  a  portion  of  the  surface  of  our  globe.  Here  we  have 
a  geological  section,  showing  the  succession  of  the  several  formations. 
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The  figure  is  supposed  to  represent  two  beds,  a,  b,  more  porous  and  consequently 
move  absorbent  than  the  rocks  with  -which  they  are  interstratified.  The  dews  con- 
densed and  rains  falling 
upon  the  distant  hills 
pass  rapidly  by  the  out- 
crops of  these  strata  to 
the  lower  levels,  until 
the  whole  mass  becomes 
thoroughly  saturated 
with  water.  Suppos- 
ing two  such  beds 
as  are  represented  in  ' 
the  section  to  exist 
fully  charged  with 
■water,  it  is  evident  that 
if  we  sank  "bore-holes" 
through  the  rocks  down 
to  them,  as  represented 
at  c,  D,  the  -water  -would  rise  through  those  wells,  and  jet  out  to  such  a  height  above 
the  surface  as  is  due  to  the  height  of  the  hills  from  which  the  -water  has  been  obtained. 
The  fountain  derived  from  b  would  necessarily  flow  as 'much  higher  than  that  derived 
from  the  bed  a,  as  is  the  height  of  b  above  a. 

The  annexed  section  (fig.  82)  is  an  actual  one  of  the  country  from  Sussex  to  Bedford- 
shire, as  given  by  Mr.  Prestwich.  In  this  drawing  the  lower  stratum  is  the  Kimmeridgt 
and  Weald  clay,  g,  -which  is  impermeable ;  upon  this  rests  the  lower  greensand,  f,  which 
)s  permeable,  and  probably  highly  charged  with  -water;  the  gault,  e,  above,  -which  is 
impermeable  ;  then  we  have  the  upper  greensand,  d,  chalk,  c,  sands  and  mottled  clay,  b, 
iMudon  clay  and  Bagshot  sands,  A,  all  of  which  are  more  or  less  permeable,  except  the 
London  clay. 

The  line  of  Trinity  high-water  mark  crosses  the  section,  and  it  -will  be  understood, 
confining  our  attention  to  the  lower  greensand  only,  that  if  a  well  is  sunk  from  London 
through  the  upper  strata  to  the  greensand,  that  the  -water  -will  rise  through  that  open- 


ing, and  spout  out  above  the  surface,  so  long  as  the  water  in  the  greensand  basin  is 
supported  at  a  height  above  the  Trinity  mark. 

For  exact  information  of  the  details  of  constructing  Artesian  wells,  the  reader  is 
referred  to  "  Traite  sur  les  Puits  Artesiens,"  by  M.  Garnier,  and  to  "  Considerations 
trcologiques  et  Physiques  sur  la  Theorie  des  Puits  fores,  ou  Fontaines  Artesiennes,"  bv- 
M.  le  Vicomte  Hericart  de  Thury,  and  to  "  Rudimentary  Treatise  on  Well-Diegina 
Boring,  &c.  by  Mr.  J.  G.  Swindell.  The  following  description  given  by  the  late  Dr 
ure  IS  valuable,  and  is  consequently  preserved,  with  very  slight  alterations,  although 
we  consider  it  scarcely  m  place  in  a  dictionary  which  does  not  profess  to  deal  with 
practical  engineering. 

The  situation  of  the  intended  weU  being  determined  upon,  a  circular  hole  is  gene- 
nf  thlc  if  '^l^"  ^      ^        ^^«P'  ''"d  5  or  6  feet  wide.    In  the  centre 

lvtasthot;'n7/83.™''  °"  ''^        ""'"'^"''^  ""'^'"'^  ''^  ^ 

^l^^^^  ^^■\       ^^""'"S  ^  S''''^^  i»  t'le  bottom  of  its  iron  shank,  with  a 

wooden  bar  or  rail  passing  through  the  socket  of  the  shank,  and  a  ring  at  tTp  is 
Tl^T,^t^^T  implements  are  to 'be  attached^  A  c^ise 

(fg-  85)  ,s  first  employed,  and  connected  to  this  handle  by  its  screw  at  ton  If  tli 
fn7o..^'-  ^^Tw^  ^^^ett  of  the  two  workmen  bearing  up^n  tre^crossbar 
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slight  up  and  down  vibrating  motion,  corresponding  to  the  beating  motion  of  the 
■workmen  below,  by  which  means  the  elasticity  of  the  pole  in  rising  lifts  the  handle 
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90  and  pecker,  and  thereby  very  considerably 
diminishes  the  labour  of  the  workmen.  See 
fig.  83. 

When  the  hole  has  been  thus  opened  by 
a  chisel,  as  far  as  its  length  will  permit, 
the  chisel  is  withdrawn,  and  a  sort  of  a 
cylindrical  auger  (fig.  86)  attached  to  the 
handle  ifig-  84),  for  the  purpose  of  drawmg 
up  the  dirt  or  broken  stones  which  have 
been  disturbed  by  the  chisel.  A  section  of 
this-auger  is  shown  in  fig.  87,  by  which  the 
internal  valve  will  be  seen.  The  auger  being 
introduced  into  the  hole  and  turned  round 
by  the  workman,  the  dirt  or  broken  stones 
will  pass  through  the  apertui-e  at  bottom 
(shown  at  fig.  88),  and  fill  the  cylinder,  which  is  then  drawn  up  and  discharged  at  the 
ton  of  the  auger,  the  valve  preventing  its  escape  at  bottom. 

^In  order  to  penetrate  deeper  into  the  ground,  an  iron  rod,        (^J,^"  ^^^^^  ^ 
be  attached  to  ?he  chisel  ifig.  85)  by  screwing  on  to  its  upper  end  -d  Je  -^^^  £ 
fastened  to  the  handle  (fig.  84)  by  screwing  into  ts  f^^^f  •.  .^'^/^.^^X -^^0  tte  hole  ; 
become  lengthened  by  the  addition  of  the  rod,  s  again  i^^^^^^^^^ 
and  the  operation  of  pecking,  or  forcing    down  .'S  carried  on  by  he  worKme 
fore.    When  the  ground  has  been  thus  P^^^y^'^^^J^T^^^  (J^.  86)  to  col- 

reach,  they  must  be  withdrawn  in  order  again  to  it  to  t?il  iron  rod  in  place 

lect  and  bring  up  the  rubbish  ;  which  "^^^^^Jf^^i^^^^^^^  of  iron  rods  are  added, 
of  the  chisel.    Thus  as  the  hole  becomes  deepened,  otter  lengths  or 

by  connecting  them  together,  as  a  b  ^''''^JS-  l^^^^^^  or\ubbish,  and 

drawing  the  rods  from  the  holes,  m  order  t°  «o^ect  he  mud  sto  ^ 
the  great  friction  produced  by  the  rubbing  of  he  '  „f 

lengths  of  rods  augmenting  m  the  progress  °f      '^P^^J""' '-^'ssible,  to  raise  them 
several  hundred  feet,  render  1^?'!^  f^r^^Slv  c^ns^^^^^^^^^       th;ee  scaffolding 
by  hand.    A  tripedal  standard  >s  therefore  ^^^^'^^^'^  t^^^^^         ^hich  a  wheel 
pLs  tied  together  over  t^e  ho^e  (aB  ahown^p^83^^^^^^^^  ^^^^^^.^^ 
and  axle,  or  a  pair  o^  P-^lley-blocks  is  suspena^  to  be  brought  down  under 

rods,  and  from  which  hangs  the  fork  a  pin  through  two 

the  shoulder,  near  the  top  of  each  rod,  made  fast  to  ^t  oy  g  1  ^^^.^^ 
little  holes  in  the  claws.    The  '"od^are  thiis dra^ n  up,  abouUe^^  ^^.^ 

is  the  usual  distance  between  f<=V°T>.r,  Jf  the  lower  rod  resting  between  its  claws, 
zontally  over  the  hole,  with  the  shoulders  of  ^Je  l"^'"™  ^  ^oie  again,  while 
by  which  means  the  rods  are  Prevented  from       SnJ"  n^^^^  these  lengths 

the  upper  length  is  unscrewed  and  removed,    inattacuuio  - 
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of  rod,  a  -wrench  (^fig.  93)  is  employed  by  which  they  are  turned  round,  and  the  screws 
forced  up  to  their  firm  bearing. 

The  boring  is  sometimes  performed  for  the  first  sixty  or  a  hundred  feet  by  a 
chisel  of  2^  inches  wide,  and  cleared  out  by  a  gouge  of  2J  diameter,  and  then  the 
hole  is  widened  by  a  tool  such  as  is  shown  at  fig.  94.  This  is  merely  a  chisel  (as 
fig.  85)  four  inches  wide,  but  with  a  guide,  a,  put  on  at  its  lower  part,  for  the  purpose 
of  keeping  it  in  a  perpendicular  direction  ;  the  lower  part  is  not  intended  to  peck,  but 
to  pass  down  the  hole  previously  made,  while  the  sides  of  the  chisel  operate  in 
enlarging  the  hole  to  four  inches.  The  process,  however,  is  generally  performed  at 
one  operation,  by  a  chisel  of  four  inches  wide  (a,s  fig.  85),  and  a  gouge  of  three  inches 
aud  three-quarters  (as  fig.  86). 

It  is  obvious,  that  placing  and  displacing  the  lengths  of  rod,  which  is  3one  every 
time  that  the  auger  is  required  to  be  introduced  or  withdrawn,  must  of  itself  be  ex- 
tremely troublesome,  independent  of  the  labour  of  boring,  but  yet  the  operation  pro- 
ceeds, when  no  unpropitious  circumstances  attend  it,  with  a  facility  almost  incredible. 
Sometimes,  however,  rocks  which  require  great  labour  to  penetrate  intercept  the  way  ; 
but  this  is  always  affected  by  pecking,  which  slowly  pulverises  the  stone.  The  most 
unpleasant  circumstance  attendant  upon  this  business  is  the  occasional  breaking  of  a 
rod  in  the  hole,  which  sometimes  creates  a  delay  of  many  days,  and  an  incalculable 
labour  in  drawing  up  the  lower  portion. 

When  the  water  is  obtained  in  such  quantities  and  of  such  quality  as  may  be  required, 
the  hole  is  dressed  or  finished  by  passing  down  it  a  diamond  chisel,  fannel-mouthed, 
with  a  triangular  bit  in  its  centre  ;  this  makes  the  sides  smooth  previous  to  putting  in 
the  pipe.  This  chisel  is  attached  to  rods  and  to  the  handle,  as  before  described  ;  and, 
in  Its  descent  the  workmen  continually  walk  round,  by  which  the  hole  is  made  smooth 
and  cylindrical. 

In  order  to  keep  the  water  which  we  desire  to  obtain  pure,  and  uncontaminated 
with  mineral  springs,  or  by  surface  drainage  contaminated  with  organic  matter, 
which  would  pass  into  the  hole  throifgh  the  permeable  strata  near  the  surface,  the 
hole  IS  cased,  for  a  considerable  depth,  with  a  metallic  pipe,  about  a  quarter  of  an 
inch  smaller  than  the  bore.  This  is  generally  made  of  tin  (though  sometimes  of 
copper  or  lead),  in  convenient  lengths ;  and,  as  each  length  is  let  down,  it  is  held  by  a 
shoulder  resting  in  a  fork,  whUe  another  length  is  soldered  to  it ;  by  which  means  a 
continuous  pipe  is  carried  through  the  bore,  as  far  as  may  be  found  necessary  to 
exclude  land  springs,  and  to  prevent  loose  earth  or  sand  from  faUing  in  and  chokine 
the  aperture.  ° 

It  sometimes  happens,  in  sinking  Artesian  wells,  that  one  or  more  lines  of  water 
may  be  tapped  which  it  is  desirable  to  avoid.  To  prevent  the  mixture  of  good  and 
bad  water,  the  diameter  of  the  boring  is  increased  from  the  surface  to  the  bed  or  the 
mstertices  between  the  strata,  and  a  hollow  cylinder  is  passed  down  through  its 
centre  to  the  continuation  of  the  boring  beneath  the  line  of  bad  water,  in  such  a  man- 
ner that  It  cannot  mix  with  the  good  water  coming  from  below.  Thus  the  bad  water 
rismg,  ascends  on  the  mitside  of  the  cylmder,  while  the  good  water  rises  within  it.  ' 
Par^  V™.  1^.°-  Tj'"^"!^^™'  lias  been  extensively  employed  in  boring  the 
nnmrivn^  H  v'  "^'^f't^  P^l"°*'  ^^g^*'  l^^S,  for  certain  improved  implements 
beTnteresUng  '  "''^"^  ^  description  of  which  cannot  fail  to 

..T^^  ^^''rf  tliese  ingenious  tools  ;  fig.  95  is  an  auger,  to  be  con- 

nected by  the  screw-head  to  the  length  of  rods  by  which  the 
bormg  is  carried  on.  This  auger  is  for  boring  in  soft  clay  or 
sand ;  It  IS  cyhndrical,  and  has  a  slit  or  opening  from  end  to  end 
and  a  bit  or  cutting-piece  at  bottom.  When  the  earth  is  loose  or 
wet,  an  auger  of  the  same  form  is  to  be  employed,  but  the  slit  or 
opening  reduced  in  width,  or  even  without  a  slit  or  opening  A 
similar  auger  is  used  for  cutting  through  chalk;  but  the  point  or 
bit  at  hottom  should  then  project  lower,  and,  for  that  purnose 
some  of  these  cylindrical  augers  are  made  with  movable  bits  to' 
be  attached  by  screws,  which  is  extremely  desirable  in  grinding 
them  to  cutting  edges.    Fig.  96  is  a  hoUow  conical  auger  fb? 

i^'whiJr'tf-f  f        '  I  ^P'''^!  '^Se  coiled  r^und 

Lr^n?;nf  .causes  the  loose  soil  to  ascend  the  in- 

clined plane  and  deposit  itself  in  the  hollow  within.  Fig.  97  is 
a  hollow  cylinder  or  tube,  shown  in  section,  with  a  foot-valve 
and  a  bucket  to  be  ra  sed  by  a  rod  and  cord  attached  at  the  top 

:^nrt.rw7uM\rriS\v^^^^^^^  ~ 

lowered  to  the  bottom  of  thi  t:T-^:Vfll!^^^ rod  and  cord,  and 


196 


ARTESIAN  WELLS. 


descends  again  by  its  own  gravity,  having  a  valve  in  the  bucket,  opening  upwards, 
like  other  lift-pumps,  -which,  at  every  stroke,  raises  a  quantity  of  water  and  sand  in 
the  cylinder  equal  to  the  stroke ;  the  ascent  and  descent  of  the  bucket  being  limited 
by  a  guide-piece  at  the  top  of  the  cylinder,  and  two  small  knobs  upon  the  rod,  which 
stop  against  the  cross-guide.  Fig.  98  is  a  tool  for  getting  up  broken  rods.  It  con- 
sists of  a  small  cylindrical  piece  at  bottom,  which  the  broken  rod  slips  through  when 
it  is  lowered,  and  a  small  catch  with  a  knife-edge,  acted  upon  by  a  back-spring.  In 
rising,  the  tool  takes  hold  of  the  broken  rod,  and  thereby  enables  the  workmen  at  top 
to  draw  it  up.  Another  tool  for  the  same  purpose  is  shown  at  Jig.  99,  which  is  like  a 
pair  of  tongs ;  it  is  intended  to  be  slidden  down  the  bore,  and  for  the  broken  rod  to 
pass  between  the  two  catches,  which,  pressed  by  back-springs,  will,  when  drawn  up, 
take  fast  hold  of  the  broken  rod. 

lug.  100  is  a  tool  for  widening  the  hole,  to  be  connected,  like  all  the  others,  to  the 

end  of  the  length  of  rods 
,nr     „n  in,  passcd  dowu  the  borc ;  tUs  tool 

105      99       100       101  f      ^  •  1  J 

108  112       106  "^s  two  cuttmg-pieces  extend- 

J.      a        i       i  ing  on  the  sides  at  bottom,  by 

Q      r|  1^      103    -which,  as  the  tool  is  turned 

li\     \\        I      \i    ^^xt  round  in  the  bore,  the  earth  is 

peeled  away.  Fig.  101  is  a 
chisel,  or  punch,  with  a  pro- 
jecting piece  to  be  used  for 
penetrating  through  stone ;  this 
chisel  is,  by  rising  and  falling, 
made  to  peck  the  stone,  and 
pulverise  it;  the  small  middle 
part  breaking  it  away  first,  and 
afterwards  the  broad  part  com- 
ing into  action.  Fig.  102  is 
another  chisel,  or  punching 
tool,  twisted  on  its  cutting 
edge,  which  breaks  away  the 
greater  portion  of  the  stone  as 
it  beats  against  it. 

The  manner  of  forcing  down  lengths  of  cast-iron  pipe,  after  the  bore  is  formed,  is 
shown  at^^,  103 ;  the  pipe  is  seen  below  in  the  socket,  at  the  end  of  which  a  block  is 
inserted;  and  from  this  block  a  rod  extends  upwards,  upon  which  a  weight  at  top 
slides  To  this  weight  cords  are  shown  to  be  attached,  reaching  to  the  top  of  the 
bore ;  where  the  workmen  alternately  raise  the  weight  and  let  it  faU,  which,  by 
strikino-  upon  the  block  in  its  middle,  beats  down  the  pipe  by  a  succession  of  strokes  ; 
and  when  one  length  of  pipe  has,  by  these  means,  been  forced  down,  another  length 
is  introduced  into  the  socket  of  the  former.  Another  tool  for  the  same  purpose  is 
shown  at  fig.  104,  which  is  formed  like  an  acorn  ;  the  raised  part  of  the  acorn 
strikes  against  the  edge  of  the  pipe,  and  by  that  means  it  is  forced  down  the  bore. 
When  it  happens  that  an  auger  breaks  in  the  hole,  a  tool  similar  to  that  shown  at 
fin.  105  is  introduced;  on  one  side  of  this  tool  a  curved  piece  is  attached,  for  the 
purpose  of  a  guide,  to  conduct  it  past  the  cylindrical  auger;  and  at  the  end  of  the 
other  side  is  a  hook,  which,  taking  hold  of  the  bottom  edge  of  the  auger,  enables  it 

*°  Wrought  i'ron,  copper,  tin,  and  lead  pipes  are  occasionally  used  for  lining  the 
bore;  and  as  the^e  are  subject  to  bends  and  bruises,  it  is  necessary  to  introduce  tools 
for  the  purpose  of  straightening  their  sides.  One  of  these  tools  is  shown  at  fig.  106 
which  ifa  bow,  and  is  to  be  palsed  down  the  inside  of  the  pipe  m  -der  to  press  ou^t 
anv  dents.  Another  tool  for  the  same  purpose  is  shown  at  fig.  107,  which  is  a  double 
bow  and  may  be  turned  round  in  the  pipe  for  the  purpose  of  straightening  i  all  e 
way  downT  at  fig.  108  is  a  pair  of  clamps,  for  turning  the  pipe  round  in  the  hole  while 

'^'  when  loose  stones  lie  at  the  bottom  of  the  hole  which  are  too  large  to  be  brought 

wnen  loose  stoues  ni-        _  ^  ^      „„„„or,io„tlv  broken,  then  it  is  proposed 

of 


111 


up 
to 


by  tL  cyl  n^cd  and  c^rn'ot"  b^  conveniently  broken,  then  it  is  proposed 

in^riduee'a  triangulai'ckw,  as  fig.  109,  the  internal  -tches  of  which  ake  -Id  of 
the  stone,  and,  as  the  tool  rises,  bring  it  up.  For  ra-^'ng  hroken  rods  a  ool  1  ke  g 
110.  is  sometimes  employed,  which  has  an  angular  claw  that  slips  under  the  shoulder 

"'rrraT;;;g%ip'efit 's  tlTs^T  SuT^  a  tool  into  the  inside  of  the  pipe,  by 
wht:Tt  wi^lKldfaT  W  i  n  isapine-np^ 

i;i.„  o  vn.r,  .M..h  nnssps  easilv  down  into  the  pipe,  but  catches  it  as  it  is  diawn 


cut  like  a  rasp,  which  passes  easily  down  ; 
up;  and  by  that  means  brings  the  pipe  with  it. 


Fit).  112  is  a  spear  for  the  same  pur- 
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pose,  -which  easily  enters  the  pipe  by  springing ;  at  the  ends  of  its  prongs  there  are 
forks,  which  stick  into  the  metal  as  it  is  drawn  up,  and  thereby  raise  it. 

These  are  the  new  implements  for  which  the  patent  was  granted.  In  the  process 
of  the  boring,  there  does  not  appear  to  be  anything  new  proposed;  but  that  these 
several  tools  are  to  be  employed  for  boring,  pecking,  and  otherwise  penetrating, 
raising  the  earth,  and  extracting  broken  or  injured  tools.  There  are  also  suggestions 
for  employing  long  buckets,  with  valves  opening  upward  in  their  bottoms,  for  the 
purpose  of  drawing  water  from  these  wells  when  the  water  will  not  flow  over  the 
surface  ;  also  lift  pumps  with  a  succession  of  buckets  for  the  same  purpose.  But  as 
these  suggestions  possess  little  if  any  novelty,  it  cannot  be  intended  to  claim  them  as 
parts  of  the  patent. 

The  so-called  primary  formations  are  seldom  favourable  to  the  construction  of 
Artesian  wells,  on  account  of  the  compact  massiveness  of  their  rocks,  and  of  the 
rarity  of  filtering  strata  overlying  retentive  ones.  It  is  therefore  vain  to  attempt  the 
formation  of  an  overflowing  spring,  upon  the  above  principles,  in  territories  of 
granite,  gneiss,  mountain  limestone,  and  basalt.  The  hot  springs  which  burst  out  of 
the  ground  in  primary  districts  come  undoubtedly  from  a  great  depth  under  the  sur- 
face, and  derive  their  heat,  and  also  probably  their  waters,  from  an  exalted  subter- 
ranean temperature;  but  it  would  not  be  practical  to  bore  to  such  extreme  depths  as 
would  be  necessary  in  these  rocks.  A  miniature  representation  of  such  springs  is 
exhibited  in  the  intermitting  fountains  of  fresh  water  on  the  shoulder  of  Vesuvius. 

The  most  remarkable  example  of  an  Artesian  well  is  that  at  the  abattoir 
of  Grenelle,  a  suburb  of  the  south-west  of  Paris,  where  there  was  a  great  want 
of  water.  It  cost  eight  years  of  difficult  labour  to  perforate.  The  geological 
strata  round  the  French  capital  are  all  of  the  tertiary  class,  and  constitute  a  basin 
similar,  in  most  respects,  to  that  upon  which  London  stands.  The  surface  at 
Grenelle  consists  of  gravel,  pebbles,  and  fragments  of  rock,  which  have  been  deposited 
by  the  waters  at  some  period  anterior  to  any  historical  record.  Below  this  layer  of 
detritus,  it  was  known  to  the  engineer  that  marl  and  clay  would  be  found. 
Underneath  the  marl  and  the  clay,  the  boring  rods  had  to  perforate  pure  gi'avel,  plas- 
tic clay,  and  finally  chalk.  No  calculation  from  geological  data  could  determine  the 
thickness  of  this  stratum  of  chalk,  which,  from  its  powers  of  resistance,  might  pre- 
sent an  ahnost  insuperable  obstacle.  The  experience  acquired  in  boring  the  wells  of 
Elbeuf,  Rouen,  and  Tours  was  in  this  respect  but  a  very  imperfect  guide.  But  sup- 
posing this  obstacle  to  be  overcome,  was  the  engineer  sure  of  finding  a  supply  of  water 
below  this  mass  of  chalk?  In  the  first  place,  the  strata  below  the  chalk  possessed  all 
the  necessary  conditions  for  producing  Artesian  springs,  namely  successive  layers  of 
clay  and  gravel,  or  of  pervious  and  impervious  beds.  M.  Mulot,  however,  relied  on 
his  former  experience  of  the  borings  of  the  wells  at  Rouen,  Elbeuf,  and  Tours  where 
abundant  supplies  of  water  had  been  found  below  the  chalk,  between  similar  strata 
of  clay  and  gravel,  and  ho  was  not  disappointed. 

M.  Arago  had  shown  that  the  water  of  the  spring  here  would  necessarily  rise  to 
the  surface,  because  m  the  well  at  Elbeuf,  which  is  nearly  9  yards  above  the  level  of 
the  sea,  the  water  rises  from  27  to  29  yards  above  the  surface  of  the  earth,  and  conse- 
quently, from  36  to  38  yards  above  the  ocean  level.  Now,  as  the  orifice  of  the  bore 
at  Grenelle  is  only  34  yards  above  the  same  level,  it  followed  that,  if  the  identical 
water-bed  was  met  with,  the  water  would  rise  above  the  earth's  surface  at  Grenelle 

1  he  necessary  works  were  commenced  with  boring  rods  about  9  yards  long,  attached 
to  each  other,  and  which  could  be  raised  or  lowered  by  mechanical  power:  whUe  an 
ngenious  method  was  adopted  for  giving  them  a  rotary  motion.  The  diameter  of 
the  tube  at  the  top  of  the  bore  is  11  inches  and  at  the  bottom  6-63  inches,  according 
Zot  1  •  ;  The  instrument  affixed  to  the  end  of  the  lowest  boring  rod  was  changed 
according  to  the  different  strata  which  were  successively  attacked^  the  form  suited 
for  passing  through  the  softer  materials  near  the  surface  being  unsuitable  for 

aTnfel  h''"^^  ^"""^  fo--  the  forr^er  while 

a  chisel-shaped  tool  was  employed  to  penetrate  the  latter.  The  size  of  the  rods 
was  lessened  as  the  depth  ncreased;  and,  since  the  subterranean  waLr  was  not  Cached 

of  the  hor/- '  'T"':^'  "  ""'"T^  '■^^"^^''^  *°  ^"'^"-g^       ^'^^"^l  times  he  diameter 
of  the  bore,  m  order  to  permit  the  work  to  be  successfully  prosecuted.    AccidenTs  oc 
curred  which  tried  the  patience  of  the  proiectors     In  Mnv  i  sqy  wT,.„  fu  ^    °  " 
had  extended  to  a  dept'h  of  418  yards,^  hoHow  tube,S  ieLVoo  °  rd's  o'lh! 
long  rods  attached  to  ,t,  broke  and  fell  to  the  bottom  of  the  hole  whence  it  b^.  J^! 
necessary  to  extract  the  broken  parts  before  any  further  progress  cmUd  be  m^de  Th! 
difliculty  of  accomplishing  this  task  may  be  conceived  ;  for  thrdXrent  frtn,  ♦ 
were  not  all  extracted  until  after  the  constant  labour  of  15  monthr  Sin  ?n  T 
1840,  in  passing  through  the  chalk,  the  chisel  attached  to  the  bodni  rod  got  'detadu'd 
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imd  before  it  could  be  recovered,  several  months  wer^ spent  in  digging  round  about  it. 
A  similar  occurrence  again  created  an  obstacle  which  impeded  the  worii  for  3  months, 
but  instead  of  withdrawing  the  detached  part,  it  was  forcibly  driven  down  among  the 
stratum  of  gravel.  At  length,  in  February,  1841,  after  8  years'  labour,  the  rods 
suddenly  descended  several  yards,  having  pierced  into  the  vault  of  the  subterranean 
waters  so  long  sought  after  by  the  indefatigable  engineer.  A  few  hours  afterwards,  he 
was  rewarded  for  all  his  anxious  toils  ;  for  lo !  the  water  rose  to  the  surface,  and  dis- 
charged itself  at  the  rate  of  881,884  gallons  in  every  24  hours  ;  the  temperature  of 
the  water  being  nearly  82°  F.  At  first  it  brought  up  so  great  a  quantity  of  sand  that 
the  tube  was  several  times  choked  up  by  it,  and  even  now  it  is  not  free  from  occa- 
sional, though  rare  interruptions,  but  the  force  of  the  column  of  water  has  always 
proved  sufficient  to  clear  its  way  after  a  short  interval.  The  water  flows  in  a 
clear  continuous  stream,  and  is  carried  by  pipes  to  a  reservoir  near  the  Pantheon, 
whence  it  is  distributed  over  the  adjacent  parts  of  the  city,  as  well  as  along  the  line  of 
the  Boulevards  from  the  abattoir  to  the  Observatory.  By  means  of  small  pipes,  also 
the  Ecole  Militaire,  the  Invalides,  and  two  or  three  other  public  establishments,  are 
supplied  with  this  water. 

The  strata  traversed  in  forming  this  celebrated  well  were  as  follows  :  — 

Drift-sand  and  gravel       -----       33  feet. 
Lower  tertiary  strata        -       -       -       -  -115„ 
Chalk  with  flmts      -       -       -       -  1148"1,„„. 

Ditto,  lower         ...       -  246  J  ^"^^^  " 

Calcareous  sandstone,  clays,  and  sands  ending  1 

in  a  bed  of  green-coloured  sand     -       -        J  " 

1798  „ 

The  surface  of  the  ground  at  the  well  is  1 02  feet  above  the  level  of  the  sea,  and 
the  water  is  capable  of  being  carried  above  this  to  a  height  of  120  feet. 

The  French  geologists  consider  that  the  sands  from  which  the  supply  is  obtained 
are  either  subordinate  beds  of  the  gault,  or  as  belonging  to  the  lower  greensand. 
They  crop  out  in  a  zone  of  country  about  100  miles  eastward  of  Paris,  and  range  along 
the  segment  of  a  circle,  of  which  Paris  is  the  centre,  from  between  Sancerre  and 
Auxerre,  passing  near  to  Troyes,  thence  by  St.  Dizier  to  St.  Menehould.  The  out- 
crop of  this  formation  is  continued  some  distance  further  north  ;  it  is  also  prolonged 
beyond  Sancerre,  south-westward  towards  Bourges,  Chatellerault,  and  then  north- 
west to  Saumur,  Le  Mans,  and  Alen5on.  But  the  superficial  area  which  it  occupies  in 
in  these  latter  districts  does  not  appear  to  contribute  to  the  water  supply  of  Pans,  for 
the  axis  of  elevation  of  Mellerault  must  intercept  the  subterranean  passage  of  the 
water  from  the  district  south  of  that  Une,  whilst,  on  the  north  of  Paris,  the  antichnal 
line  of  the  "  Pays  de  Bray  "  and  some  smaller  faults  in  the  Aisne,  produce  probably 
a  similar  stoppage  with  respect  to  the  northern  districts.  The  superficial  area,  there- 
fore from  which  the  strata  at  the  well  of  Crenelle  draw  their  supplies  of  water,  forms  on 
the  east  of  Paris  a  belt  stretching  from  near  Auxerre  to  St.  Menehould. 

The  exposed  surface  of  the  water-bearing  beds  which  supply  the  weU  ot  tirenelle 
is  about  117  square  miles;  the  subterranean  area  in  connection  with  these  lines  of  out- 
crop may  possibly  be  about  20,000  square  miles,  and  the  average  thickness  of  the 
sands  of  the  gres  rerte,  serving  in  their  underground  range  as  a  reservoir  for  the 
water,  does  not  probably  exceed  30  or  40  feet.—Prestwich  on  the  Water-bearing  Strata 

"■^  Thetpportunity  of  ascertaining  the  temperature  of  the  earth  at  different  depths  was 
not  neglected  during  the  progress  of  the  works  at  Crenelle. .  Thermometers  p  aced  at 
a  denth  of  30  yards  in  the  wells  of  the  Pans  Observatory  invariably  stand  at  53  F. 
The^  emperatme  of  the  Artesian  well  at  Crenelle  at  1657  feet  is  79°  5',  at  1800,  the 
depth  finally  arrived  at,  the  temperature  of  the  water  which  rose  to  the  surface  was 
81°  corroSrating  previous  calculations  on  the  subject.  For  a  descent  of  572  yards 
there  is  auTncreafe  of  temperature  equal  to  28°  F.,  which  is  20'4  yards,  or  61  -2  feet,  for 
each  degree  of  that  scale.  Now  that  the  skilful  labour  of  so  many  years  terminated, 
the  ParisTans  regret  that  the  subterranean  sheet  of  water  had  not  lain  1000  yard  be- 
neatXe  surfaceTthat  they  might  have  had  «^  o-Zfl^-f ,™  "'il  Westpialta' 
to  furnish  a  cheap  supply  to  their  numerous  hot-bath  establishments.  In  Westpbalia, 
at  2000  feet  90°  95' F.  was  the  temperature  of  the  water.  ,       ,  , 

In  borfng'  Artesian  wells  through'  stratified  formations,  severa Uh^^^^^^^^^^  ^  J. 
met  with  at^successive  heights;  as  at  Saint  OiJ,«°/here  are  5  each  <^^^^^^^  a  fou nh  ai 
one  of  these  is  at  36  metres  of  depth  ;  a  second  at  45|  m  a         "it  .  f  u^,  a  fouU^^^^^ 
59-30  m.,  and  a  fifth  at  66im.  (the  metre  being  S  280  Enyl^hfeet  -)        l  oui»  t^^^^^^^^^ 
3  sheets  susceptible  of  rising  above  the  surface,  at  9o,  102,  and  125  metres  respectn  eiy 
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hPncath  it  Seven  large  sheets  of  fresh  water  were  in  like  manner  observed  in  boring 
for  coal  near  Dieppe.  The  deepest  sheet,  having  the  greatest  superincumbent  pres. 
sure  Tn  general  gives  the  highest  hydrostatic  level.  The  quantity  of  water  furnished 
bv  such  wells  seems  to  be  nearly  constant:  thus  the  well  of  Bages,  near  Perpignan 
delivers  Nearly  3000  pints  per  minute,  and  that  at  Tours  about  2000  pmts  at  6^  feet 
above  the  level  of  the  ground.  .       ,     ^  ,1     •       *  ,  *. 

As  the  cost  of  these  wells  is  an  important  consideration,  the  foUowmg  statement 
from  the  "Water-bearing  Strata  of  London  "  is  of  much  value. 

"  M  Degoussee  has  recently  informed  me  of  his  having  contracted  to  bore  an  Arte- 
sian well  at  Rouen  to  the  depth  of  1080  feet  (through  the  lower  cretaceous  and  oolitic 
series)  for  1600/.,  expenses  of  every  liind  to  be  defrayed  by  him.  M.  Degoussee  has 
constructed  three  Artesian  wells  in  different  parts  of  France,  of  about  820  to  830  feet 
each,  at  an  expense,  including  tubes  and  all  expenses,  of  from  600/.  to  1000/.  The 
Calais  well  offers  a  very  near  counterpart  of  the  deposits  which  occur  beneath  London, 
but  the  difficulties  of  the  first  240  feet  much  exceeded  those  which  would  be  met  with 
here,  and  the  chalk  is  probably  100  to  200  feet  thicker.  Here  and  at  Paris  the  first 
1000'  feet  cost  less  than  3000/.,  and  at  Doncherry  apparently  not  much  more  than 
2000/." 

The  following  Table  shows  the  cost  of  several  of  the  Artesian  wells  of  France  : — 

Grenelle,  Dept. 
Calais  1, 
Donchery  „ 
St.  Fargeau  „ 
Lille  ), 
Crosne  „ 
Brou.  „ 
Ardres  „ 
Claye  „ 
ChaviUe  „ 

It  appears  that,  in  England,  the  cost  of  horing  is  about  5s.  for  the  first  10  feet, 
2/.  10s.  for  forty  feet,  5/.  5s.  for  60  feet,  13/.  15s.  for  100  feet,  and  so  on  in  proportion. 

Mr.  Landall  'of  Edinburgh  informs  us,  that  in  Scotland  they  reckon  100  or  110 
fathoms  a  very  deep  bore ;  and  it  is  all  done  with  the  old  screwed  rods  and  chisels. 
"I  have,"  he  says,  "once  or  twice  worked  the  lever  with  a  steam-engine,  and  cleaned 
the  bore  with  a  wire  rope  fixed  to  the  sluger,  and  a  few  lengths  of  rod  to  make  it  sink 
quickly,  which  is  a  very  great  economy,  as  it  saves  the  screwing  and  unscrewing  and 
much  handling.  When  the  bore  is  approaching  1 00  fathoms,  it  is  a  great  economy  to 
erect  a  small  engine,  and  clean  with  a  wire  rope." 

The  following  particulars  relative  to  the  conditions  of  some  Artesian  wells  in  this 
country  are  derived  from  Sir  Charles  Lyell's  "  Principles  of  Geology,"  where  the 
geological  question  is  fully  treated. 

At  Sheerness,  at  the  mouth  of  the  Thames,  a  well  was  bored  through  300  feet  of 
London  clay,  when,  on  entering  a  bed  of  sand,  water  burst  up  impetuously.  Another 
boring  at  the  same  place  passed  through  328  feet  of  clay,  and  water  ascended  eight 
feet  above  the  level  of  the  ground. 

At  Fulham,  after  penetrating  to  the  depth  of  317  feet,  67  feet  of  which  were  in 
chalk,  water  was  discharged  at  the  rate  of  60  gallons  a  minute. 

At  Cbiswick  the  borings  passed  through  19  feet  of  gravel,  242 J  feet  of  clay  and 
loam,  and  67^  feet  of  chalk,  when  water  rose  to  the  surface. 

At  the  Duke  of  Northumberland's,  at  Chiswick,  the  borings  were  carried  620  feet 
into  the  chalk,  when  water  rose  four  feet  above  the  surface. 

The  deep  wells  of  London  are  all  in  the  chalk.  The  depths  of  some  of  the  most 
important  are  given  in  Mylne's  "  Section  of  the  London  Strata,"  as  follows  :  — 


Seine 

1798 

feet  - 

-  £14,500 

Pas  de  Calais 

1138 

»»  ■* 

3,560 

Ardennes  - 

1215 

)>  ~ 

3,045 

Yonne 

666 

»  ■■ 

1,216 

Nord 

592 

)j  ■ 

320 

Seine  and  Oise  - 

333 

»  " 

190 

Marne 

246 

200 

Nord 

155 

))  ~ 

64 

Seine  and  Marne 

108 

j>  ~ 

78 

Oise 

65 

))  ~ 

15 

Depth. 

Combe  and  Co.        -       -       -  - 

-    522  feet 

Excise  Office,  City    -       .       -  . 

-  499 

I> 

Plummer,  Old  Street  -       -       -  - 

-  475 

»> 

Meux  and  Co.'s  Brewery  -       -  - 

-  425 

)> 

Hampstead  Water  Works  -       -  - 

-  450 

J» 

North  Western  Railway  Station 

-  400 

I* 

Truman  and  Co.       -       -       -  - 

-  400 

19 

Elliot  and  Co.  

-  398 

it 

Kensington  Union     -       -       .  . 

-  370 

»l 

Model  Prison,  Holloway    -      -  - 

-  370 

99 

o  4 
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ARTESIAN  WELLS. 


toSfMuShT!"'  '°  ^^'""^  overflo^r,  are  oPthe  following  depths,  according 


Foulness  Island  ... 
Mersey  and  adjoining  Islands 

Wallis  Island    .  -       -  . 

Little  Wigborough  -       -  - 

Wood  ham         •  -       -  . 

North  Ockenden  -       -  . 

Fobbing  -       -  -       -  _ 

Bulpham  Fen  -  -       .  . 


-  450  feet 

-  300  „ 

-  400  „ 

-  250  „ 

-  350  „ 

-  80  „ 

-  100  „ 
70-80  .. 


The  question  of  water  supply  to  the  metropolis  depends  npon  the  situation  of  the 
most  advantageous  water-bearmg  deposit,  or,  as  Mr.  Prestwich  states  it,  the  extent  of 
the  superficial  area  occupied  by  the  water-bearing  deposit 

The  lithological  character  and  thickness  of  the  water-bearing  deposit,  and  the 
extent  of  its  underground  range. 

_  The  position  of  the  outcrop  of  the  deposit,  whether  in  valleys  or  in  hills  ;  and  whether 
Its  outcrop  is  denuded,  or  covered  with  any  description  of  drift. 

The  general  elevation  of  the  country  occupied  by  this  outcrop  above  the  levels  of 
the  district  in  which  it  is  proposed  to  sink  Artesian  wells. 

_  The  quantity  of  rain  which  falls  in  the  district  under  consideration,  and  whether, 
in  addition,  it  receives  any  portion  of  the  drainage  from  adjacent  tracts,  where  the 
strata  are  impermeable. 

The  disturbances  which  may  affect  the  water-bearing  strata  and  break  their  con- 
tinuity, whereby  the  subterranean  flow  of  water  would  be  impeded  or  prevented. 

It  is  proposed,  by  the  eminent  authority  we  have  already  quoted,  to  bore  through 
the  chalk  of  the  London  basin,  and  penetrate  the  lower  greensand  formation. 

113 


Referring  to  the  former  section  across  London  (fig.  82),  and  then  examining  fig.  113, 
the  importance  of  this  suggestion  will  be  evident,  b  is  the  lower  tertiary  strata,  c  is  the 
chalk,  D  the  upper  greensand,  e  the  gault,  and  f  the  lower  greensand,  g  the  upper  part 
of  the  wealden  formation,  t  i  line  of  the  lowest  valley  of  the  district,  and  .i  s' s"  line 
of  water-level  and  springs.  The  edges  of  this  formation  are  bounded  on  the  north  by 
the  gault  at  s,  and  on  the  south  by  the  wealden  at  s".  They  are  both  impermeable 
strata,  and  present  water-tight  surfaces  to  the  sand  between  them,  so  that  any  water 
which  might  find  its  way  below  the  margins  of  these  deposits  could  not  escape  again, 
but  would  follow  the  subterranean  course  of  the  intermediate  strata. 

After  computing  with  great  care  the  quantity  of  rain  falling  over  the  district, 
Mr.  Prestwich  gives  the  following  Table,  the  result  of  his  investigations  :  — 


Lower  Tertiaries  ... 
Upper  Greensand  ... 
Lower  Greensand  ... 

Probable 
extent  of 
effective 
Area. 

Quantity  of  Eain  Water 
received. 

Probable  Quantity 
absorbed. 

Sq.  miles. 

24 
70 
230 

Inches    Gallons  in 
annually.  24  Iiours. 

25  =  23,749,656 
28  =  77,660,660 
26^  =  241,500,920 

Inches    Gallons  in 
annually.  24  hours. 

12=  11,411,352 

10=  27,735,960 

16  =  145,811,720 

"  These  calculations,  although  offered  as  only  very  general  approximations,  give 
results  sulRciently  marked  and  decided,  that  even  admitting  the  necessity  of  not  incon- 
siderable corrections,  I  think  they  establish  strong  prima  facie  evidence  in  favour  of 
the  upper  and  lower  greensands  beneath  Loudon  ccmtaiuing  unusually  large  quantities 
of  water,  which  may  be  rendered  available  for  the  supply  of  the  metropolis  by  means 
of  Artesian  wells.  What  their  yield  might  be  could  only  be  determined  exactly  by 
actual  experiment ;  but,  judging  from  analogy,  if  the  lower  tertiary  sands,  with  di- 
mensions comparatively  so  limited,  can  neverthelese  furnish  not  less  than  3,000,000  to 
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4,000,000  gallons  daily  (and  if,  as  is  probable,  they  supply  much  of  the  water  found 
in  the  upper  beds  of  the  chalk  beneath  London,  their  yield  may  amount  to  8,000,000 
or  10,000,000),  then  I  submit  that  there  is  a  reasonable  probability,  after  allowing  for 
the  present  over-drainage  of  the  tertiaries  of  the  upper  greensand,  with  an  effective 
area  and  a  thickness  three  times  greater  than  those  of  the  lower  tertiaries,  yielding 
daily,  and  without  diminution,  from  6,000,000  to  10,000,000,  and  of  the  lower  green- 
sands,  which  exceeds  by  ten  times  the  lower  tertiaries  in  both  these  respects,  of  their 
yielding  daily  and  without  diminution  from  30,000,000  to  40,000,000  gallons  of  water 
in  the  24  hours,  taken  at  about  surface  level."* 

Since  the  beds  of  the  lower  greensand  are  200  feet  thick,  and  they  occupy  an  area 
above  and  below  ground  of  4600  square  miles,  and  since  a  mass  of  1  mile  square  and 
1  foot  thick  will  hold  more  than  60,000,000  gallons  of  water,  it  is  evident  that  a  year's 
consumption  of  water,  by  the  population  of  London,  would  not  occasiou  a  fall  of  1  foot 
in  the  water-level  over  the  entire  area ;  that  is,  supposing  no  rain  had  fallen  during 
the  year.  Such  wells,  too,  would  have  the  advantage  of  adding  to  the  adornment  of 
the  metropolis;  as,  if  the  water  of  the  lower  greensand  was  liberated  by  means  of 
Artesian  wells,  fountains  would  be  at  once  formed  projecting  their  water  from  100  to 
150  feet  above  the  level  of  Trinity  high  water  mark. 

See  Boring  for  details  of  process,  &c. 

See  Water  for  analyses  of  waters,  &c. 

ARTESIAN  WELLS,  Negative.  Borings  into  the  earth,  which  are  intended  to 
carry  off  the  waters  from  the  surface.  They  have  been  proposed  for  the  purpose  of 
draining  large  tracts  of  swampy  country.  The  principles  upon  which  this  is  founded 
will  be  sufficiently  evident  to  all.  Especial  information  on  this  subject  will  be  found  in 
the  "  Society  of  Arts'  Journal"  for  1856,  and  Ansted's  "  Geology." 

AR'TILLERY.  Having  only  to  deal  with  the  manufacture  of  ordnance,  we  have 
to  consider  such  points  alone  in  the  history  as  will  illustrate  this.  The  earliest  Euro- 
pean artillery  of  large  size  consisted  of  "serpentines"  and  "bombards,"  both  being 
formed  of  longitudinal  bars  of  wrought  iron,  arranged  like  the  staves  of  a  cask,  and 
hooped  all  oyer,  or  nearly  so,  with  wrought-iron  rings,  shrunk  on  hot  upon  the  bars. 
The  serpentine  was  of  small  calibre,  but  of  enormous  length.  A  gun  of  this  character 
taken  by  the  Swiss  from  Charles  le  Temeraire,  at  the  battle  of  Granson,  in  1476,  is 
described  and  figured  in  the  Emperor  Napoleon's  work,  "  Passe  et  I'Avenir  d'Artil- 
lerie."  This  example  is  preserved  in  the  collection  of  the  Arsenal  of  Neuville, 
canton  of  Berne  ;  it  is  only  about  two  inches  calibre,  but  about  ten  feet  in  length  of- 
chase,  formed  of  wrought-iron,  with  rings  shrunk  on  at  some  inches  apart.  It  is 
embedded  to  its  horizontal  diameter,  and  for  its  whole  length,  in  a  timber  bed. 

The  bombard  was  usually  a  much  shorter  piece,  often  of  immense  calibre.  The 
great  gun  of  Ghent,  known  as  Dalle  Griette,  or  the  Raging  Meg,  is  of  this  cha- 
racter. Voisin  thus  describes  it : — "  This  enormous  cannon,  or  ancient  bombard,  is 
one  of  the  most  curious  pieces  of  artillery  known,  both  in  dimensions  and  construc- 
tion, which  is  a  chef  d'ceuvre  of  the  art  of  forging.  It  is  18  feet  in  length,  by  10  feet 
6  inches  in  circumference,  the  mouth  is  2^  feet  in  circumference  ;  it  is  forged  from 
bars  of  iron,  and  weighs  33,606  lbs.,  and  throws  a  stone  ball  of  600  lbs.  weight.  Its 
construction  appears  to  date  from  the  early  years  of  the  invention  of  artillery  ;  in  all 
probability  it  was  forged  while  Philippe  Van  Artevelde,  Riswaert  of  Flanders  was 
besieging  Oudenarde,  in  1382.  It  is  certain  that  the  people  of  Ghent,  at  war  with 
their  duke,  Philippe,  used  it  in  1411,  and  at  the  attack  of  Oudenarde,  in  1452  " 

In  the  arsenal  of  St.  Petersburg  is  a  bombard  which  is  21  feet  long  :  but  it  onlv 
weighs  17,435  lbs.,  and  its  calibre  is  only  68  lbs. 

The  Hons  Meg  of  Scotland,  which  now  quietly  reposes  on  the  King's  Bastion 
Ji,dinburgh,  is  formed  of  longitudinal  stave  bars,  in  one  ply  only,  and  of  superimposed 
rings,  driven  and  shrunk  on  upon  the  taper.  This  will  be  understood  from  the  accom- 
panying figures  (114,  115).  This  gun  was  made  by  one  M'Kin,  to  whom  the  people  of 
Kirkcudbright  contributed  the  bars  of  iron.  Mons  Meg  was  used  at  the  sieee  of 
Dumbarton,  in  1489 ;  at  Norham,  in  1497  ;  it  was  used  to  fire  a  salute  in  1548 ;  and  in 
1682,  when  firing  a  salute  in  honour  of  the  Duke  of  York,  the  iron  rings,  which  are 
now  partly  wanting  near  the  breach  were  blown  away  without  much  disturbing  the 
Thf^.vP      ^.r-  'Ju^  g""  actually  discharged  balls  of  Galloway  granite  aglinst 
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in  India  from  a  remote  antiquity.    In  Meyer's  »  Historical  Manual"  will  be  found  a 

curious  history  of  the  progress  of  wrought-iron  cannon,  from  1494  when  Charles  VIII 

suppressed  wrought-iron  bombards,  and  had  no  other  artillery  than  that  of  bronze— tc 


114 


the  present  day.  In  1856,  Daniel  Treadwell  published  a  memoir  "  On  the  Practica- 
bility of  constructing  Cannon  of  great  Calibre  capable  of  enduring  long-continued 
Use  under  full  Charges."  In  this  he  proposes  a  very  large  wrought-iron  gun,  which 
should  be  capable  of  projecting  a  shot  or  shell  of  a  ton  weight  through  the  space  of 
six  miles.  He  says,  in  a  note  to  this  paper,  "  Between  the  years  1841  and  1845, 1  made 
upwards  of  twenty  cannon  of  this  material  (wrought  iron).  They  were  all  made  up 
of  rings,  or  short  hollow  cylinders,  welded  together  endwise.  Each  ring  was  made 
of  bars  wound  upon  an  arbour  spirally,  like  winding  a  ribbon  upon  a  block,  and, 
being  welded  and  shaped  in  dies,  were  joined  endwise  when  in  the  furnace  and  at  a 
■welding  heat,  and  afterwards  pressed  together  in  a  mould  by  a  hydrostatic  press  of 
1000  tons  force."  Finding  in  the  early  stage  of  the  manufacture  that  the  softness  of 
the  wrought  iron  was  a  serious  defect,  he  formed  those  made  afterwards  with  a  lining 
of  steel,  the  wrought-iron  bars  being  wound  upon  a  previously  formed  steel  ring. 

Mr.  Nasmyth  undertook,  in  1854,  an  enormous  wrought-iron  gun  of  13  inches 
calibre ;  but  there  was  some  failure  in  the  forging. 

In  1856,  Messrs.  HorsfaU,  of  Liverpool,  completed,  and  proved  with  a  solid  shot  of 
300  lbs.  and  45  lbs.  of  powder,  a  wrought-iron  gun,  13  inches  calibre,  and  13^  feet 
length  of  chase,  perhaps  the  largest  and  most  remarkable  forging  ever  made.  Two 
wrought-iron  mortars,  of  36  inches  calibre,  built  up  of  separate  pieces,  were  constructed 
about  the  same  time  for  the  Government,  from  the  designs  of  Mr.  Mallet.  A  detailed 
account  of  this  monster  mortar  is  given  at  page  208. 

Cast-Iron  Guns.  —  The  date  of  the  introduction  of  cast-iron  guns  is  very  uncer- 
tain. Blast  furnaces  for  smelting  replaced  the  old  Catalan  methods  about  the  com- 
mencement of  the  fifteenth  century,  were  known  in  the  Hartz,  in  Westphalia,  in 
Flanders,  and  seem  to  have  come  to  us  thence,  and  were  not  uncommon  about  the 
middle  of  the  century.  There  is  in  the  repository  at  Woolwich  an  18-inch  Pierriere, 
captured  at  Corfu,  with  the  date  1684  upon  it,  an  early  example  of  cast  iron. 

In  the  sixteenth  and  seventeenth  centuries  the  average  sizes  of  guns  in  England 
were  as  follows : — 


Length. 

Calibre. 

Weight. 

feet. 

lbs. 

lbs. 

The  cannon  royal,  or 

piece  of  eight 

-    12  • 

■    48  - 

8000 

The  demi-cannon 

-    12  ■ 

•    36  - 

6000 

The  culverin 

-  12 

-    20  - 

4800 

The  demi-culverin 

-  11 

-    10  - 

2700 

The  saker 

-  10 

6  - 

1500 

The  smaller  sizes  were  called  minion,  falcon,  falconet,  rabinet,  and  base,  the  last  of 
which  only  carried  a  5- ounce  ball  of  lead. 

Cannon  of  Bronze.— The  earliest  bronze  guns  appear  to  have  been  cast  in  Europe 
about  1370.  Between  that  and  1400,  bombards  were  cast  (after  the  more  ancient 
models  of  iron)  in  bronze  with  separate  and  with  attached  chambers  (canons  a  boitc), 
the  ancestors  of  all  modern  breech-loading  guns  ;  and  culverius,  which  replaced  the 
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iron  serpentines,  and  were  of  enormous  length,  35  to  60  calibres,  and  great  strength 
towards  the  breech,  but  of  small  calibre.  Many  examples  remain  of  a  later  date  :  one 
at  Dover  Castle,  another  m  the  Dial  Square,  Woolwich  Arsenal,  and  the  celebrated 
one  of  Nancy  (1598),  above  21  feet  in  length,  carrying  about  an  18-pound  iron  ball. 
In  England,  the  earliest  bronze  guns  are  said  to  have  been  cast  by  one  John  Owen, 
in  1535. 

Few  examples  are  met  with  of  guns  formed  of  metal  in  strictly  atomic  proportions; 
but  alloys  are  found  therein  presenting  every  formulse,  from  7Cu  +  Sn  up  to 
83Cu  +  4Sn.  The  proportions  most  approved  of  in  the  arsenals  of  Europe  appear  to 
vibrate  between  100  by  weight  of  copper  to  9  of  tin,  up  to  100  of  copper  and  12  of 
tin.  In  France,  100  copper  +  11  tin  by  weight  is  the  proportion  fixed  by  law,  and 
invariably  aimed  at.  In  the  United  States,  100  copper  +  12-5  tin  is  adopted  for  certain 
species  of  guns. 

The  proportions  of  tin  and  copper  used  in  making  bronze  guns  in  the  United 
States : — 

Density.  Tenacity. 
Tin,  1  part  -       -       -       -    7-297       -       -  2122 
Copper,  8  parts    .       -       -    8-672       -       -  24252 
Mean  proportional       -       -    8-519       -       -  21793 
Mean  of  83  guns         -       -  8-751 
Mean  of  83  gun-heads  -       -    8-523       -       -  29655 

Bronze  guns  are  liable  to  drop  at  the  muzzle ;  this  is  due  to  the  unequal  tempera- 
ture of  the  inside  and  of  the  outside  of  the  gun. 

Brass  ordnance  are  made  of  what  is  called  gun  metal,  composed  of  about  10  parts 
of  copper  and  1  of  tin. 

One  of  the  first  inquiries  of  importance  in  connection  with  the  construction  of 
pieces  of  artillery  is  that  of  the  liability  to  fracture  in  the  metal.  Upon  this  point 
the  researches  of  Mr.  Mallet  furnish  much  important  matter.  He  tells  us,  as  the 
result  of  his  investigation,  that  it  is  a  law  of  ike  molecular  aggregation  of  crystalline 
solids,  that  when  their  particles  consolidate  under  the  influence  of  heat  in  motion,  their 
crystals  arrange  and  group  themselves  with  their  principal  axes  in  lines  perpendicular  to 
the  cooling  or  heating  surfaces  of  the  solid :  thai  is,  in  the  lines  of  the  direction  of  the 
heat-wave  in  motion,  which  is  the  direction  of  lecLst pressure  ivilhin  the  mass.  And  this  is 
true,  whether  in  the  case  of  heat  passing  from  a  previously  fused  solid  in  the  act  of 
cooling  and  crystallising  in  consolidation,  or  of  a  solid  not  having  a  crystalline  struc- 
ture, but  capable  of  assuming  one  upon  its  temperature  being  sufficiently  raised,  by 
heat  applied  to  its  external  surfaces,  and  so  passing  into  it. 

Cast-iron  is  one  of  those  crystallising  bodies  which,  in  consolidating,  obeys,  more 
or  less  perfectly  according  to  conditions,  the  above  law.  In  castings  of  iron  the 
planes  of  crystallisation  group  themselves  perpendicularly  to  the  surfaces  of  external  con- 
tour. Mr.  MaUet,  after  examining  the  experiments  of  Mr.  Fairbairn  —  who  states 
("  Trans.  ;Brit.  Ass."  1853)  that  the  grain  of  the  metal  and  the  physical  qualities 
of  the  casting  improve  by  some  function  of  the  number  of  meltings  ;  and  he  fixes  on 
the  thirteenth  melting  as  that  of  greatest  strength — shows  that  the  size  of  crystals, 
or  coarseness  of  grain  in  castings  of  iron,  depends,  for  any  given  "make"  of  iron 
and  given  mass  of  casting,  upon  the  high  temperature  of  the  fluid  iron  above  that  just 
necessary  to  its  fusion,  ivhich  injluences  the  time  that  the  molten  mass  takes  to  cool  down 
and  assume  again  the  solid  state. 

The  very  lowest  temperature  at  which  iron  remains  liquid  enough  fully  to  fill 
every  cavity  of  the  mould  without  risk  of  defect,  is  that  at  which  a  large  casting, 
such  as  a  heavy  gun,  ought  to  be  "  poured."  Si^ice  the  cooling  of  any  mass  depends 
upon  the  thickness  of  the  casting,  it  is  important  that  sudden  changes  of  form  or  of 
dimensions  in  the  parts  of  cast-iron  guns  should  be  avoided.  In  the  sea  and  land 
service  13-inch  mortars,  where,  at  the  chamber,  the  thickness  of  metal  suddenly 
approaches  twice  that  of  the  chase,  is  a  malconstruction  full  of  evils. 

The  following  statements  of  experunents  made  to  determine  the  effect  produced  on 
the  quality  of  the  iron  in  guns,  by  slow  or  rapid  cooling  of  the  casting,  are  from  the 
reportof  Major  W.  Wade,  of  the  South  Boston  Foundry,  to  Colonel  George  Bomford 
of  the  Ordnance  Department  of  the  United  States.  Three  six-pounder  cannon  were 
cast  at  the  same  time  from  the  same  melting  of  iron.  The  moulds  were  similar  and 
prepared  in  the  usual  manner.  That  in  which  No.  1  was  cast  was  heated  before 
casting,  and  kept  heated  afterwards  by  a  fire  which  surrounded  it,  so  that  the  flask 
and  raou  d  were  nearly  red  hot  at  the  time  of  casting;  and  it  was  kept  up  for  three 
days.    Nos.  2  and  3  were  cast  and  cooled  in  the  usual  way. 

At  the  end  of  the  fourth  day,  the  gun  No.  1  and  flask  were  withdrawn  from  the 
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heating  cylinder  while  all  parts  were  yet  hot.  N»s.  1  and  2  were  bored  for  6- 
pounders  in  the  usual  -way;  No.  3  for  a  12-pounder  ho-witzer,  -with  a  6-pounder 
chamber.  The  firing  of  the  guns  -was  in  every  respect  the  same.  Nos.  1  and  2 
■were  fired  the  same  number  of  times  with  similar  charges.  No.  1  burst  at  the 
27th  fire,  and  No.  2  at  the  2,'5th.  It  appears,  from  these  results,  that  no  material 
effect  is  produced  on  the  quality  of  the  iron  by  these  different  modes  of  cooling  the 
castings. 

A  very  extensive  series  of  experiments  was  made,  by  the  order  of  the  United 
States  Government,  on  the  strength  of  guns  cast  solid  or  hollow.  In  these  it  was 
confirmed  that  the  guns  cast  hollow  endured  a  much  more  severe  strain  than  those 
cast  solid.  Considerable  differences  were  also  observed,  whether  the  casting  was 
cooled  from  within  or  without ;  and  Lieutenant  Rodman's  method  of  cooling  from  the 
interior  is  regarded  as  tending  to  prevent  injurious  strains  in  cooling. 

Major  Wade  informs  us  that  time  and  repose  has  a  surprising  effect  in  removing 
strains  caused  by  the  unequal  coolings  of  iron  castings. 

Great  improvements  have  been  made  in  improving  the  quality  of  iron  guns.  Guns 
cast  prior  to  1841  had  a  density  of  7-148,  with  a  tenacity  of  23,638.  Guns  cast  in 
1851  had  a  density  of  7-289,  with  a  tenacity  of  37,774. 

The  following  Table  gives  the  results  of  all  the  trials  made  for  the  United  States 
Government,  showing  the  various  qualities  of  different  metals. 


Torsion. 

Com- 

Transverse 
Strength. 

Hard- 
ness. 

Metals. 

Density. 

Tenacity. 

At  Halt- 

Ulti- 

pressive 

Degree. 

mate. 

Strength. 

Cast  iron :  — 

Least      -     -  - 

6-900 

9,000 

5,000 

3861 

5,605 

84,592 

4-57 

Greatest  -     -  - 

7-400 

45,970 

11,500 

7812 

10,467 

174,120 

33-51 

Wrought  iron :  — 

Least      -     -  - 

7-704 

38,027 

6,500 

3197 

40,000 

10-45 

Greatest  -     -  - 

7-858 

74,592 

4298 

7,700 

127,720 

12-14 

Bronze  -.  — 

Least      -     -  - 

7-978 

17,698 

2021 

5,511 

4-57 

Greatest  -      -  . 

8-953 

56,786 

5-94 

Cast  steel :  — 

Least      -     -  - 

7-729 

198,944 

Greatest  .     -  - 

7-862 

128,000 

23,000 

391,985 

The  following  analyses  of  the  metal  of  iron  guns  of  three  qualities  are  important. 
Influence  of  Single  Ingredients. 


Classes. 

Mechanical  Tests. 

Chemical  Constituents. 

Specific 
Gravity. 

Tensile 
Strength. 

Combined 
Carbon. 

Graphite. 

Silicium. 

Slag. 

Phos- 
phorus 

Sulphur. 

Earthy 
Met  as. 

1 
2 
3 

7-204 
7-140 
7-088 

28,865 
24,767 
20,176 

-0977 
•0819 
•0726 

-0507 
-0576 
-0560 

-0417 
-0538 
-0531 

-0215 
•0200 
•0219 

-0239 
-0300 
-0321 

-0017 
-0021 
•0021 

•0117 
•0094 
-0144 

Influence  of  Two  or  more  Ingredients. 


Mechanical  Tests. 

Chemical  Constituents. 

Classes. 

Specific 
Gravity. 

Tensile 
Strength. 

Silicium 

and 
Carbon. 

Silicium 
and  Slag. 

Graphite 
and  Slag. 

Graphite, 
Silicium, 
and  Slag. 

Graphite, 
Slag,  Silicium. 
and  Phos- 
phorus. 

Total 
Carbon, 

1 

2 
3 

7-204 
7-140 
7-088 

28,865 
24,767 
20,176 

•1394 
•1357 
-1257 

•0632 
•0738 
•0750 

•0722 
•0776 
80 

•1139 
•1314 
•1311 

•1378 
•1614 
•1632 

•1484 
•1395 
•1286 
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An  inspection  of  the  first  of  the  foregoing  tables,  representing  the  average  amount 
of  each  foreign  ingredient  in  gun  metal  deduced  from  all  the  analyses,  shows  a  con- 
siderable difi-erence  in  the  proportions  of  those  ingredients  m  each  of  the  three 
classes  into  which  guns  are  divided.  It  will  be  observed,  that  while  the  proportion 
of  combined  carbon  diminishes  from  the  1st  to  the  3rd  class,  that  of  silicium  simJarly 
increases,  so  that  their  united  amounts  are  nearly  the  same.  In  other  words,  it 
appears  that  silicium  can  replace  the  carbon  to  a  certain  extent ;  but  that  the  quality 
of  the  metal  is  injured  where  the  amount  of  the  silicium  approaches  that  of  the  car- 
bon. Karsten  made  a  similar  observation  in  determining  the  limits  between  cast  iron 
and  steel,  but  did  not  notice  the  influence  of  that  substitution. 

But  the  diiferences  become  more  striking  by  combining  the  ingredients  variously 
together,  as  in  the  second  of  those  tables ;  and  especially  by  comparing  the  extremes, 
which  are  each  derived  from  a  larger  number  of  observations  than  the  mean. 

After  showing  the  total  amount  of  carbon  (both  combined  and  uncombined),  sili- 
cium and  combined  carbon  are  thrown  together,  which  indicates  the  replacement  by 
silicium  of  that  portion  of  carbon  set  free  in  the  form  of  graphite.  The  column  "  sili- 
cium and  slag "  shows  the  general  depreciation  of  the  metal  as  the  silicious  metal 
increases. — Fr<m  the  Report  of  Campbell  Morfit  and  James  C.  Booth  to  the  Ordnance 
Office,  United  States  Army. 

The  following  analyses  (rejecting  those  substances  of  which  only  a  mere  trace 
has  been  discovered),  from  the  same  chemists,  are  selected  as  showing  striking 
peculiarities. 


Class. 

B 
o 
u 

Graphitic 
Carbon. 

Combined 
Carbon. 

Silicium. 

Phosphorus. 

1 
g 

a 

8 

& 
g 

Calcium. 

Aluminium. 

Sodium  and 
Potassium. 

1.  32-pounder,  which  endured 

the  extreme  proof  - 
2.  32-pounder,  which  endured 
the  extreme  proof.  Hot 

•93520 

•02000 

•02200 

•00776 

■00260 

■00036 

■G2I00 

•00028 

■00106 

blast  iron      -      -  _ 
24-pounder,  which  endured 
the  extreme  proof.  Hot 

•88480 

•02800 

•00200 

•02000 

•00400 

■00666 

•05212 

•00072 

■00043 

•00034 

blast  iron     -      -  _ 
3.  42-pounder       -      -  . 
32-pounder  ... 
32-pounder  ... 

■9'J400 
•921.M 
•92540 
•93450 

■03000 
■03200 
02800 
■02900 

•01200 
■00700 
•00150 
•00900 

■01790 
■01130 
■00730 
■00900 

•00200 
•00100 
•00'200 
•00200 

■00626 
■00800 
■00738 
•01290 

•02244 
01418 
■02317 
•01810 

•00080 
•00074 
•00061 

■00028 
■0008(i 
■00057 
■( 

■00234 
■00310 
•00170 
•00158 

•00220 
•00026 

Comparison  of  Weight,  Strength,  Extensibility,  and  Stiffness;  Cast  Iron  being  unity 
within  practical  limits  to  static  forces  only. 


Material. 

Weight  for 
=  Volume. 

Strength. 

Extensibility. 

StilTness. 

Torsion. 

Cast  iron 

1-00 

I'OO 

1-00 

1^00 

1-00 

Gun  metal 

1-18 

0^65 

1-27 

0^53 

0-55 

Wrought  iron 

1-07 

3^00 

0^45 

2-20 

Ml 

Steel  - 

1-07 

4-75 

0^32 

3-15 

2-11 

We  find  that  wrought-iron  guns  are  more  than  five-fold  as  durable  as  those  of 
gun  metal,  and  twenty-two  times  as  durable  as  those  of  cast  iron.  And  taking  first 
cost  and  durability  together,  gun-metal  cannon  are  about  seventy-seven  tunes,  and 
cast-iron  guns  about  thirty  times,  as  dear  as  wrought-iron  artillery.  Again :  the  cos* 
of  horse-labour,  or  other  means  of  transport  for  equal  strength  (and,  of  course" 
therefore,  for  equal  effective  artiUery  power),  is  about  five  times  as  great  for  gun 
metal,  and  nearly  three  times  as  great  for  cast-iron  as  for  wrought-iron  guns  In 
every  respect  in  which  we  have  submitted  them  to  a  comparison,  searching  and  rigid 
and  that  seems  to  have  omittted  no  important  point  of  inquiry,  wrought  iron  stands 

'uIuTSsrZT  *°  '^"^  "^^'^  "^'^"^ -<i— _ 

The  advantages  possessed  by  rolled  bars  for  the  construction  of  artillery  are  thus 
summed  up  by  Mr.  Mallet,  in  his  "  Memoir  on  Artillery"—         """'^ry  are  thus 

1.  The  iron  constituting  the  integrant  parts  is  all  in  moderate- sized,  straight  nri<! 
ma  tic  pieces,  formed  of  rolled  bars  only;  hence,  with  its  fibre  all  long  tud^bal  "r 
fectly  uniform,  and  its  extensibility  the  greatest  possible,  and  in  the  samrdbection  in 
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which  it  is  to  be  strained;  it  is,  therefore,  a  better  material  than  any  forced  iron  p-in 
by  possibility,  be  made.  ' 

2  The  limitation  of  manufacture  of  the  iron,  thus,  to  rolling,  and  the  dispenging 
■with  all  massive  forgings,  insures  absolute  soundness  and  uniformity  of  properties  in 
the  material. 

3.  The  limited  size  of  each  integrant  part,  and  the  mode  of  preparation  and  com- 
bination, afford  unavoidable  tests  of  soundness  and  of  perfect  workmanship,  step  by 
step,  for  every  portion  of  the  whole:  unknown  or  wilfully  concealed  defects  are 
impossible. 

4.  Facility  of  execution  by  ordinary  tools,  and  under  easily  obtained  conditions, 
and  without  the  necessity  of  either  for  peculiarly  skilled  labour  on  the  part  of 
"  heavy  forgemen,"  or  for  steam  or  other  hammers,  &c.,  of  unusual  power,  and  very 
doubtful  utility;  and  hence  very  considerable  reduction  in  cost  as  compared  with 
wrought-iron  artillery  forged  in  mass. 

5.  Facility  of  transport  by  reduction  of  weight,  as  compared  with  solid  guns  of  the 
same  or  of  any  other  known  material. 

6.  A  better  material  than  massive  forged  iron,  rolled  bars  are  much  more  scien- 
tifically and  advantageously  applied;  the  same  section  of  iron  doing  much  more  resist- 
ing work,  as  applied  in  the  gun  built-up  in  compressed  and  extended  plies,  than  in 
any  solid  gun. 

7.  The  introduction  thus  into  cannon  of  a  principle  of  elasticity,  or  rather  of  elastic 
range  (as  in  a  carriage -spring  divided  into  a  number  of  superimposed  leaves),  greater 
than  that  due  to  the  modulus  of  elasticity  of  the  material  itself;  and  so  acting,  by  dis- 
tribution of  the  maximum  effort  of  the  explosion,  upon  the  rings  successively  reci- 
pient of  the  strain  during  the  time  of  the  ball's  traject  through  the  chase,  as  materially 
to  relieve  its  effects  upon  the  gun. 

Considerable  attention  has  been  given,  of  late  years,  to  the  construction  of  very 
powerful  pieces  of  ordnance.  Cast-iron  cannon  are  usually  employed,  but  these  very 
soon  become  useless  when  exposed  to  the  sudden  shocks  of  rapid  firing.  Cast  iron 
is,  comparatively  speaking,  a  weak  substance  for  resisting  extension,  or  for  with- 
standing the  explosive  energy  of  gunpowder,  compared  with  that  of  wrought  iron, 
the  proportion  being  as  1  is  to  5 ;  consequently,  many  attempts  have  been  made  to 
substitute  wrought-iron  cannon  for  cast. 

A  gun,  exhibited  in  1851  by  the  Belgian  Government,  made  of  cast  iron  "prepared 
with  coke  and  wood,"  was  said  to  have  stood  2116  rounds,  and  another,  3647  rounds, 
without  much  injury  to  the  touch-hole  or  vent.  Another  is  said  to  have  been  twice 
"  rebouched,"  and  has  stood  6002  rounds  without  injury.  As  few  guns  of  cast  iron 
will  stand  more  than  800  rounds  without  becoming  unserviceable,  this  mode  of  pre- 
paring the  iron  appears  to  be  a  great  improvement.  At  St.  Sebastian  2700  rounds 
were  fired  from  the  English  batteries,  but,  as  was  observed  by  an  eye-witness,  "  you 
could  put  your  fist  into  the  touch -holes." — Colonel  James,  R.E. 

In  Prussia  they  have  for  some  time  made  cannon  of  "  forged  cast  steel."  To  get 
over  the  dificulty  of  forging  the  gun  with  the  trunnions  on,  the  gun  has  been  made 
without  them,  and  a  hollow  casting  with  trunnions  afterwards  slipped  over  the 
breech,  and  secured  in  its  proper  position  by  screening  in  the  cascable.  The  tenacity 
of  this  metal  must  be  very  great. 

Casting  of  Gdns.  —  Guns  have  long  been  cast  in  a  vertical  position,  and  with  a  cer- 
tain amount  of  "  head  of  metal"  above  the  topmost  part  of  the  gun  itself.  One  object 
gained  by  this  (of  great  value)  is  to  afford  a  gathering-place  for  all  scoria,  or  other 
foreign  matter  ;  an  end  that  might  be  much  more  efi'ectually  accomplished  were  the 
metal  always  run  into  the  cavity  of  the  mould  by  "gaits"  leading  to  the  bottom,  or 
lowest  point,  in  place  of  the  metal  being  thrown  in  at  the  top,  with  a  fall,  at  first,  of 
several  feet,  as  is  now  the  common  practice,  by  which  much  air  and  scoria  are  car- 
ried down  and  mixed  with  the  metal,  some  of  which  never  rises  up  again,  or  escapes 
as  "  air-bubbles."  .       ^         .     ,  ,    j.  n  • 

The  value  of  the  "head  of  metal"  in  castmg  of  guns  is  shown  by  the  foUowmg 
Table,  by  Mr.  Mallet,  from  the  "  Transactions  of  the  British  Association,  1840." 
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General  Classification  of  the  principal  Makes  of  British  Cast  Irons  as  applicable  to  Artillery. 
General  C^^lf^aton^J^^  ^P^^^  ^^^^^        ^J^  ^^^^^         ^^^^  p.^^ 


Number.  1 

Class  of  Iron. 

Hot  or 
Cold. 

Com- 
mercia 
No. 

1 

Ap6udl6  - 

Cold 

No.  2 

2 

Scrap 

able. 

Hot 

No.  3 

3 

Oldberry 

4 

Ponkey 

Cold 

NO.  o 

S 

Hot 

No.  2 

6 

Catder  -      -  - 

Hot 

No.  4 

7 

Shotts  ... 

Hot 

No.  4 

8 

Dowlais  (Finery 

Hot 

No.  4 

Pig)- 

9 

Arigna  - 

Cold 

No.  1 

10 

Biirchill's 

Cold 

No.  1 

11 

Muirkirk 

Hot 

No.  2 

12 

Pentwyn  (peculiar) 

Hot 

No.  1 

13 

^^i*igDa  •      »  • 

Cold 

No.  3 

14 

Hot 

No.  2 

15 

Pentwyn     <•  - 

Hot 

No.  2 

16 

Calder    No.  1,  + 

Pentwyn  - 

Do.  No.  2,+  p 

17 

Grey    Cast  Iron 

_  _ 

_ 

(Blaenavon  No. 

2.  Scrap.) 

Hot 

18 

Monkland  - 

No.  4 

19 

Clyde   -      -  - 

Cold 

No.  I 

20 

Parkfield 

Cold 

No.  1 

21 

Apedale      —  _ 

Hot 

No.  1 

22 

Devon  -      -  - 

Cold 

No.  3 

23 

Catder  -      -  - 

Hot 

No.  I 

2^ 

Arigna  ^,  Scrap  J 

25 

Calder  ^,  Scrap  ^, 

"  " 

26 

Gartsherrie  - 

Hot 

No.  2 

27 

Low  Moor  - 

Cold 

No.  2 

28 

Shotts  -      -  - 

Hot 

No.  2 

29 

Blaina  -      -  - 

Cold 

No.  3 

30 

Arigna  -      -  - 

Cold 

No.  3 

31 

Gartsherrie  - 

Hot 

No.  1 

'^i 

Shotts  -       -  - 

Hot 

No.  3 

33 

Varteg  Hill  - 

Hot 

No.  2 

34 

Calder  -      -  - 

Hot 

No.  3 

'ii 

Siirnmerlie  - 

Hot 

No.  2 

36 

Madeley  Wood 

Cold 

No.  1 

37 

Elsecar 

Cold 

No.  1 

38 

Cinderford  - 

Cold 

No.  I 

39 

Carron  -      -  - 

Hot 

No.  2 

40 

Giirtsherrie  *- 

Hot 

No.  3 

41 

Muirkirk 

Hot 

No.  3 

42 

IVlonklands  •  - 

Hot 

No.  3 

43 

Dowlais       —  . 

Hot 

No!  1 

44 

Arigna       •  — 

Cold 

No.  2 

45 

Shotts  -      -  - 

Hot 

No.  1 

46 

Lilleshale 

Cold 

No.  1 

47 

Shotts  - 

Hot 

No,  2 

48 

Coed  Talon  - 

Hot 

No.  2 

49 

Btitterly 

Hot 

No.  1 

60 

Coed  Talon  . 

Cold 

No.  2 

51 

Carron  ... 

Cold 

No.  2 

62 

Dowlais 

Cold 

No.  3 

53 

Dowlais 

Cold 

No.  I 

54 

Blaenavon  - 

Cold 

No.  1 

65 

Muirliirk 

Cold 

No.  2 

56 

Milton  ... 

Hot 

No.  1 

57 

Calder  ... 

Hot 

58 

Calder  i.PentwynJ 

69 

Arigna  J.Pentwyn  J 

Silvery 


Micaceous 


Mottled 


Bright  Grey 


Dull  Grey 


Dark  Grey 


Character  in  Working. 


Least  fusible ;  thick- 
ening rapidly  when 
fluid  by  a  sponta- 
neous **  pudaling," 
vesicular  .often  crys- 
talline, incapable  of  ^ 
being  cut  by  chisel 
or  file  ;  ultimate  co. 
hesion  a  maximum, 
and  elastic  range 
generally  a  mini- 
mum. 


soft : 


feels 


fVery 

I'  greasy;  peculiar  mi- 
cacious  appearance, 
generally  owing  to 
J  excess  of  manga- 
nese ;  soils  the  fin- 
gers strongly,  crys- 
tals large;  runs  very 
fluid  ;  contraction 
large. 


Tough  and  hard,  can 
be  with  diflSculty 
filed  or  cut;  crys- 
tals large  and  small 
mixed;  sometimes 
runs  thick  ;  con. 
traction  on  cooling 
a  maximum. 


Toughness  and 
hardness  most  suit- 
able for  working ; 
ultimate  cohesion 
and  elastic  range 
generally  are  ba- 
lanced most  advan. 
tageously ;  crystals 
uniform,  very  mi- 
nute. 


Less  tough  and  hard 
than  the  preceding, 
other  characters 
alike ;  contraction 
on  cooling  gene- 
rally a  minimum. 


Most  fusible ;  re-  r- 
mains  long  fluid; 
exudes  graphite  in 
cooling ;  soils  the 
fingers ;  crystals 
large  and  lamellar ; 
ultimate  cohesion  a 
minimum,  and  elas- 
tic range  generally 
a  maximum. 


Sp.  Gr.  KowCast. 


7.115 
7-150 
7.152 
7-1.59 
7-141 
7-001 
7-183 
7-074 

7-064 
7-156 
7-H5 
7-097 
7-049 
7-081 
7-047 

6-  838 

7-  124 
7-1 64 

6-  809 

7-  109 
7-205 
7-152 
7  030 
7-063 
7-020 
7-107 
7159 
7-192 
7-143 
7'076 

7-073 
7-027 

6-  978 

7-  050 


7-603 

Chilled 

7  624 

Sand 

7-501 

Sand 

7-233 

Sand 

7-629 

Chilled 

7-527 

Sand 

7-168 

Sand 

6-378 

Sand 

7-015 

Sand 

6-928 

Sand 

6  980 

Sand 

7-000 

Sand 

7-308 

Chilled 

7-116 

Sand 

7-017 

Sand 

7-168 

Sand 

7-138 

Sand 

7-294 

Sand 

7-140 

Sand 

7-248 

Sand 

7-268 

Sand 

7-280 

Sand 

7-079 

Chilled 

7-134 

Chilled 

6-329 

Chilled 

Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 

Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 

Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 

Sand 
Sand 
Sand 
Sand 


Physical  Maxima  and 
Minima. 


Maximum  density. 

Coefiicient  E  nearly 

as  in  No.  22. 
Maximum  ultimate 

strength  and  value 

of  Te,  nearly  as  In 

No.  40. 


Full  of  microscopic 
vesicles. 


Maximum  contrac. 
tion  in  cooling. 


CoeflScient  E  maxi- 
mum but  Te,  small 


Minimum  density 
forms  as  No.  8. 


Value  of  Te,  maxi- 
mum. 


Minimum  density, 
solid.  ^ 


Minimum  ultimate 
strength. 


Mallet  on  the  Physical  Conditions  involved  in  the  Construction  of  Artillery. 
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Table  showing  the  Increase  of  Density  in  Castings  of  large  Size,  due  to  their  Solidif- 
cation  under  a  Head  of  Metal,  varying  from,  two  to  fourteen  Feet : — 


Calder  Cast  Iron, 
Hot  Blast. 

No.  1. 

Blaenavon,  No,  1. 
Cold  Blast. 

Apedale,  No,  2. 
Hot  Blast. 

assure 
lbs. 
ich. 

No.  of 
Experimei 

Depth  of  Cast- 
ing in  Inches. 

Specific 
Gravity. 

First 
Difference. 

Depth  of  Cast- 
ing in  Inches. 

Speci6c 
Gravity. 

First 
Difference. 

Depth  of  Cast- 
j  ing  in  Inches. 

Specific 
Gravity. 

First 
Difference. 

Quam  prox,  Prf 
w  hen  fluid  in 
per  square  in 

1 

0 

6-9551 

0 

7-0479 

0 

7^0328 

-0 

2 

24 

6-9633 

-0082 

24 

7^0576 

-0097 

24 

7-0417 

•0089 

6-4 

3 

48 

7-0145 

•0512 

48 

7^0777 

■0201 

48 

7-0558 

-0141 

12-8 

4 

72 

7-0506 

-0361 

72 

7-0890 

-0113 

72 

7  0669 

-0111 

19-2 

5 

96 

7-0642 

-0136 

96 

7-1012 

•0122 

96 

7-0789 

•0120 

25-6 

6 

120 

7-0776 

-0134 

120 

7-1148 

-0136 

120 

7-0915 

-0126 

32  0 

7 

144 

7-0907 

•0131 

144 

7-1288 

•0140 

144 

7-1046 

-0131 

38-4 

8 

168 

7-1035 

•0128 

168 

7-1430 

•0142 

168 

7-1183 

-0137 

44-8 

The  experiments  were  made  upon  cylindrical  shafts  of  cast  iron,  cast  vertically  in 
dry  sand-mould,  under  heads  gradually  increasing  up  to  fourteen  feet  in  depth,  and 
all  poured  from  "  gaits"  at  the  bottom. 

These  experiments  show  an  increase  of  density  due  to  fourteen  feet  head,  about 
equal  to  a  pressure  of  44-8  lbs.  per  square  inch  on  the  casting;  from  6  9551  to  7-1035 
for  Scotch  cast  iron. 

In  the  foregoing  paper  frequent  reference  has  been  made  to  the  investigations  of 
Mr.  Mallet.  His  monster  mortar  promises  such  results  that  an  especial  account  of  it 
appears  to  be  required. 

About  the  latter  end  of  1854,  the  attention  of  Mr.  Kobert  Mallet,  C.E.,  was  directed 
to  the  mathematical  consideration  of  the  relative  powers  of  shells  in  proportion  to 
their  increase  of  size  or  of  diameter.  His  inquiries  resulted  in  a  memoir  presented 
by  him  to  Government,  in  which  he  investigated  the  increase  of  power  in  shells  with 
increase  of  diameter,  under  the  heads  of :— 1,  Their  penetrative  power;  2,  Their 
increased  range  and  greater  accuracy  of  fire ;  3,  Their  explosive  power;  4,  Their 
power  of  demolition,  or  of  levelling  earthworks,  buildings,  &c. ;  5,  Their  fragmentary 
missile  power  ;  6,  and  lastly,  their  moral  effect,—  in  every  case  viewing  the  shell,  not 
as  a  weapon  against  troops,  but  as  an  instrument  of  destruction  to  an  enemy's  works. 
The  result  so  convinced  Mr.  Mallet  of  the  rapid  rate  at  which  the  destructive  powers 
of  a  shell  increase  with  increase  of  size,  that  he  was  induced  to  propose  to  Govern- 
ment the  employment  of  shells  of  a  magnitude  never  before  imagined  by  anyone, 
namely,  of  a  yard  in  diameter,  and  weighing,  when  in  flight,  about  a  ton  and  a  quarter 
each  -  and  to  prepare  designs,  in  several  respects  novel  and  peculiar,  for  the  con- 
struction of  mortars  capable  of  projecting  these  enormous  globes.  Such  a  mortar 
was  made,  and  on  the  19th  of  October,  1857,  the  first  of  those  colossal  mortars  con- 
structed from  Mr.  Mallet's  design  was  fired  on  Woolwich  Marshes,  with  charges  (of 
uroiection)  gradually  increasing  up  to  70  lb.;  and  with  the  latter  charge  a  shell 
weiffhina:  2550  lbs.  was  thrown  a  horizontal  range  of  upwards  of  a  mile  and  a  half  to 
aheieht  of  probably  three  quarters  of  a  mile,  and  faUing,  penetrated  the  compact  and 
then  hard  dry  earth  of  the  Woolwich  range  to  a  depth  of  more  than  18  feet,  throwing 
about  cartloads  of  earth  and  stones  by  the  mere  splash  of  the  fall  of  the  empty  shell. 
Whtt  would  have  been  the  crater  blown  out,  if  the  bursting  charge  of  400  lbs.  of 

'Tt'woSJ  ?e' out'S'place  here  to  attempt  to  follow  Mr.  Mallet's  mathematical 
resultlas  to  the  relative  powers  of  small  and  large  shells;  some  popular  notion,  how- 

^Tayt?Ltr;3Tn^h  LST^  and.  for  simplicity,  that  each  has 

the  sanTe  proportion  of  iron  and  powder  in  relation  to  their  bulks  or  the  same  den- 
the  sanw  propon  shell  maybe  said  to  be  three  times  the  diameter  of  the 

Si  fnT^^hS^l^gStcleLons^  -hich  the  larger  one  will  just  pass  ^val 

or  momentum  is  as  1  to  27. 
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A  13-inch  shell,  weighing  about  180  lbs.,  is  thrown,  by  a  charge  of  30  lbs.  of 
ponder,  barely  4700  ya?ds.  While,  with  not  much  more  than  double  this  amount  of 
powdeis  the  36-inch  shell,  of  more  than  U  times  its  weight,  can  be  thrown  2650  yards, 
or  much  more  than  half  the  distance.  .  „^:„T,t  r.r 

The  explosive  power,  it  is  obvious,  is  approximately  proportionate  to  the  weigh  of 
powder  ;  but,  by  calculations,  of  which  the  result  only  can  here  be  given  Mi.  Mallet 
has  shown  that  the  total  power  of  demolition  -  that  is  to  say,  the  absolute  amoun  of 
damage  done  in  throwing  down  buildings,  walls,  &c.  &c.— by  oue  39-inch  shell  is 
1600  times  that  possible  to  be  done  by  one  13-inch  shell ;  and  that  an  object  wliicli 
a  13-inch  shell  could  just  overturn  at  one  yard  from  its  centre,  will  be  overthrown 
by  the  36-inch  shell  at  40  yards'  distance. 

A  13-inch  shell  penetrates,  on  falling  upon  compact  earth,  about  2.J  feet.  Ihe 
Antwerp  shell  penetrated  7  feet.  The  36-ii)ch  shell  penetrated.  16  to  18  feet.  The 
funnel-shaped  cavity,  or  "crater,"  of  earth  blowu  out  by  the  explosion  of  a  buried 
shell,  is  always  a  similar  figure,  called  a  "paraboloid;"  its  diameter  at  the  surface, 
produced  by  the  13-inch  shell,  is  about  7  feet,  and  by  the  36-inch  shell  about  40 
feet. 

Shells. — The  hollow  explosive  projectiles  that  we  call  shells  or  bombs  are  a  very 
old  invention.  Under  the  name  of  "coininges,"  they  consisted  of  rudely  formed  globes 
of  plate  iron  soldered  together,  filled  with  gunpowder  and  all  sorts  of  miscellaneous 
"mitraille."  These  were  thrown  to  short  distances  both  from  "  pierriers''  (a  sort  of 
mortar)  and  from  catapultas,  as  early  as  1495  at  Naples,  1590  at  Padua,  1520  at  Heils- 
berg,  1522  at  Rhodes,  and  1542  at  Boulogne,  Lieges.  About  the  middle  of  the  15th 
century  bombs  of  cast  iron  seem  to  have  come  into  use;  an  Englishman,  named 
Malthus,  learned  the  art  of  throvring  them  from  the  Dutch,  and  perfected  the  system 
for  the  French  armies  —  being  the  first  to  throw  shells  in  France,  at  the  siege  of  La 
Mothe,  in  1643.  The  diameter  of  the  bomb  seems  at  that  time  to  have  become  fixed 
at  13  inches — the  old  Paris  foot;  and  at  this  it  remains  (with  very  few  exceptional 
cases)  down  to  the  present  day. 

A  few  attempts  to  increase  the  size  and  power  of  these  projectiles  have  been  made 
at  different  periods,  but  never  with  the  practical  skill  necessary  to  success;  for 
example,  18-inch  shells  were  thrown  by  the  French,  at  the  siege  of  Tournay,  in  1745; 
whereas,  just  a  century  before,  the  Swedes  threw  shells  of  462  lbs.  weight,  and 
holding  40  lbs.  of  powder.  The  French,  when  they  occupied  Algiers  in  1830,  found 
numbers  of  old  shells  of  nearly  900  lbs.  in  weight ;  and  in  almost  every  arsenal  and 
fortress  in  Europe  one  or  two  old  16-inch  and  18-inch  shells  are  to  be  found.  No 
attempt  was  made  in  modern  days  to  realise  the  vast  accession  of  power  that  such 
large  shells  confer,  until  the  year  1832,  when  the  "monster  mortar,"  as  it  was  then 
called,  of  24  inches  calibre,  designed  by  Colonel  Paixhans  (the  author  of  the  Paix- 
hans  gun),  was  constructed  by  order  of  Baron  Evain,  the  Belgian  minister  of  war, 
and  attempted  to  be  used  by  the  French  at  the  siege  of  the  citadel  at  Antwerp,  but 
with  the  worst  possible  success.  The  mortar,  a  crude  cylindrical  mass  of  cast  iron, 
sunk  in  a  bed  of  timber  weighing  about  8  tons,  and  provided  neither  with  adequate 
means  for  "laying"  it,  nor  for  charging  it  —  the  heavy  shells  weighing,  when  filled 
with  99  lbs.  of  powder,  1015  lbs.  each  —  could  with  difficulty  be  fired  three  rounds  in 
two  hours,  while  the  shells  themselves  were  very  badly  proportioned. 

One  of  these  shells  fell  nearly  close  to  the  powder  magazine,  but  did  not  explode ; 
had  it  fallen  upon  the  presumed  bomb-proof  arch  of  tlie  magazine,  containing  300,000 
lbs.  of  powder,  it  would  have  pierced  it,  according  to  the  opinion  of  all  the  military 
engineers  present  at  the  siege  ;  and  so  closed  the  enterprise  at  a  blow.  The  ill 
success  of  this  mortar  prevented  for  several  years  any  attempt  to  develope  bombs 
into  their  legitimate  ofiice — as  the  means  of  suddenly  transferring  mines  into  the 
body  of  fortified  places  —  of  a  power  adequate  to  act  with  decisive  effect  upon  their 
works  ;  although  some  years  afterwards  a  20-inch  mortar  was  made  in  England  for 
the  Pacha  of  Egypt  and  proved  at  Woolwich. 

But  another  circumstance  still  more  tended  to  the  neglect  of  large  shells  thrown 
by  vertical  fire.  After  repeated  trials  and  many  failures,  it  was  found  practicable  to 
throw  10-inch  (and  since  that  even  13-inch)  shells  from  cannon,  or  "  shell  guns,"  by 
projecting  them  nearly  horizontally,  or  at  such  low  angles  that  they  should  "  rico- 
chet" and  roll  along  the  ground  before  they  burst ;  aud,  thus  fired,  it  was  soon  seen 
that  their  destructive  power  as  against  troops  was  greater  than  if  fired  at  angles 
approaching  45°  of  elevation  from  mortars.  Paixhans  and  his  school  had  pushed  a 
good  and  useful  invention  beyond  its  proper  limits,  and  had  lost  sight  wholly  of  the 
all-important  fact,  that  horizontal  shell  fire,  powerful  as  it  is  against  troops  or  shipping- 
is  all  but  useless  as  an  instrument  of  destruction  to  the  works  (the  earthwork  and 
masonry,  &c.)  of  fortified  places  ;  for  this  end,  weight  and  the  penetrative  power  due 
to  the  velocity  of  descent  in  falling  from  a  great  height  are  indispensable 
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No  bomb-proof  arch  (so  called)  now  exists  in  EurcJjjc  capable  of  resisting  the  tre- 
mendous fall  of  such  masses,  and  the  terrible  powers  of  their  explosion  when  480  lbs. 
of  powder,  fired  to  the  very  best  advantage,  puts  in  motion  the  fragments  of  more 
than  a  ton  of  iron.  No  precautious  are  possible  in  a  fortress ;  no  splinter  proof, 
no  ordinary  vaulting,  perhaps  no  casemate,  exists  capable  of  resisting  their  fall  and 
explosion.    Such  a  shell  would  sink  the  largest  ship  or  floating  battery. 

A  single  3G-inch  shell  in  flight  costs  25/.,  and  a  single  13-inch  2l.  2s.,  yet  the 
former  is  the  cheaper  projectile  ;  for,  according  to  Mr.  Mallet's  calculations,  to  transfer 
to  the  point  of  effect  the  same  weight  of  bursting  powder,  we  must  give  — 

55  shells  of  13  inches,  at  2Z.  2s.  £115  10  0 

Against  1  shell  of  36  inches        -       -       -       -       -       -      25  00 


Showing  a  saving  in  favour  of  the  large  shell  of 


£90  10  0 


And  this  assumes  that  55  small  shells,  or  any  number  of  them,  could  do  the  work  of 
the  single  great  one. 

We  must  briefly  notice  the  mortars  from  which  these  projectiles  are  proposed  to  be 
shot,  and  of  which  Jig.  116  gives  an  elevation,  with  section  of  bore  and  chambers  and 
lines  of  separation  in  dotted  lines. 

These  mortars  are,  with  the  exception  of  one  part  (the  base),  and  the  elm  timber 


ends,  formed  wholly  of  wrought  iron,  in  concentric  rings,  and  each  entire  mortar  is 
separable  at  pleasure  into  thirteen  separate  pieces,  the  heaviest  of  which  weighs  about 
11  tons,  so  that  the  immense  weight  when  all  put  together  (about  52  tons)  is  suscep- 
tible of  easy  transport,  on  ordinary  artillery  carriages,  over  rough  country,  or  can  be 
couvenently  shipped,  stowed,  or  landed.  Special  mortar  rafts  for  the  use  of  these 
mortars  at  sea  have  been  designed  by  their  inventor,  and  novel  and  more  precise 
methods  of  pointing,  especially  at  night,  than  hitlierto  practised. 

It  has  been  for  some  time  the  practice  m  Turkey  to  make  field  pieces  like  the 
twisted  barrel  of  a  rifle.  One  of  the  greatest  iinprovements  m  ^^od^m  arti  lery 
is  the  manufacture,  by  Mr.  W.  G.  Armstrong  of  Newcastle-on-Tyne,  of  field  pieces 
of  this  character,  which  are  breach-loading  and  have  severa  P«<=^'i^"'^«%;;^'";^ 
give  them  decided  advantages  over  any  other  piece  of  artillery.  For  a  furthu 
description,  see  Rifles. 

Exportation  of  arms  and  ammunition  :  — 
1852.  1853. 
Guns      -       -    No.    181,121  238,767 
Gunpowder     -    lbs.  7,140,133  9,410,891 

Foreign  and  Colonial. 
Gun  stocks  in  the  rough  of  wood     -       -       -  - 

ARTIFICIAL  STONE.    See  Stone,  Artificial 


1854. 
256,952 
8,715,213 


1855. 
181,740 
8,576,430 


1856. 
219,636 
10,500,018 

1856. 
cwts.  235 
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ARUM  VULG  ARE.    The  Wake-robin Lords  and  Ladies.     In  the  island  of 
Portland  a  kind  of  arrow  root  is  prepared  from  this  plant.    See  Arrow  Root 

ASBESTOS,  from  fog.^roy,  wiconsnmablc.  iAsbeste,¥r.;  Asbest  Germ.)  When  he 
fibres  of  the  fibrous  varieties  of  amphibole  are  so  slender  as  to  be  flexible  it  is  called 
Dsbestus,  or  amianthus.  It  is  found  in  Piedmont,  Savoy,  Salzburg,  the  Tyrol,  Dauphme, 
Hungary,  Silesia;  also  in  Corsica  so  abundantly  as  to  have  been  made  use  of  by  Dolomieu 
for  packing  minerals;  in  the  United  States,  St.  Kevern  in  Cornwall,  m  Aberdeenshire, 
in  some  of  the  islands  north  of  Scotland,  and  Greenland.  Asbestus  was  manufactured 
into  cloth  by  the  ancients,  who  were  well  acquainted  with  its  incombustibility.  J  his 
cloth  was  used  for  napkins,  which  could  be  cleansed  by  throwing  them  into  the  fire  ; 
it  was  also  used  as  the  wick  for  lamps  in  the  ancient  temples  ;  and  it  is  now  used  for 
the  same  purpose  by  the  natives  of  Greenland.  It  has  been  proposed  to  make  paper 
of  this  fibrous  substance,  for  the  preservation  of  important  matters.  An  Italian, 
Chevalier  Aldini,  constructed  pieces  of  dress  which  are  incombustible.  Those  for  the 
body,  arms,  and  legs  were  formed  out  of  strong  cloth  steeped  in  a  solution  of  alum  ; 
while  those  for  the  head,  hands,  and  feet  were  made  of  cloth  of  asbestus.  A  piece  of 
ancient  asbestus  cloth,  preserved  in  the  Vatican,  appears  to  have  been  formed  by 
mixing  asbestus  with  other  fibrous  substances ;  but  M.  Aldini  has  executed  a  piece 
of  nearly  the  same  size,  which  is  superior  to  it,  as  it  contains  no  foreign  substance 
The  fibres  were  prevented  from  breaking  by  the  action  of  steam.  The  cloth  is  m  ade 
loose  in  its  fabric,  and  the  threads  are  about  the  fiftieth  of  an  inch  in  diameter.  The 
Society  of  Encouragement,  of  Paris,  has  proposed  a  prize  for  the  improvement  of 
asbestus  cloth.    The  use  of  it  is  now  (1858)  being  exhibited  in  London. 

ASH.  (Fra.vimis  excelsa.)  Ash  is  superior  to  any  other  British  wood  for  its 
toughness  and  elasticity.  It  is  therefore  used  for  the  frames  of  machines,  for  agricul- 
tural implements,  and  the  felloes  of  wheels.  This  wood  is  split  into  pieces  for  the 
springs  of  bleachers'  nibbing  boards.  Handspikes,  hammer  handles,  rails  for  chairs, 
&c.,  are  made  from  the  ash.  All  these  and  similar  works  are  much  stronger  when 
they  follow  the  natural  fibre  of  the  wood.  Hoops  are  also  frequently  made  of  the 
young  branches  of  the  ash.  Rankine  gives  its  tenacity  as  17,000,  and  its  modulus  of 
elasticity,  or  resistance  to  stretching,  as  1,600,000. 

ASHES.  In  commerce,  the  word  ashes  is  applied  to  the  ashes  of  vegetable  sub- 
stances from  which  the  alkalis  are  obtained,  as  Kelp,  Barilla,  &c.  (which  see.) 

It  is  the  popular  name  of  the  vegetable  alkali,  potash,  in  an  impure  state,  as  pro- 
cured from  the  ashes  of  plants  by  lixiviation  and  evaporation.  The  plants  which 
yield  the  greatest  quantity  of  potash  are  wormwood  aud  furmitory.  See  Potash, 
Pearlash,  and,  for  the  mode  of  determining  the  value  of  ashes,  Alkalimetry. 

Our  Importations  of  the  various  kinds  of  Ashes  were  — 


1855. 

Soap  ashes,  cwts.  258 
Wood  ashes,  „  26 
Weed  ashes,   „  -       -  , 

Unenumerated  ditto,  value  £5302 

and  of  pearl  and  pot  ashes  as  follows  : — 


1856. 

cwts.  1073  (yedasse,  Fr. 
„  380 

£7131 ; 


waidasche,  Germ.) 


Countries  from  which  imported. 

1853. 

1854. 

1855. 

1856. 

Russia     -       -       -       .  . 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

37,604 

906 

3,671 

Holland  ----- 

6,881 

Tuscany  -       -       -       -  - 

1,854 

3,604 

2,224 

British  North  America 

98,774 

86,080 

71,344 

87,246 

United  States  -       -       .  - 

10,398 

18,334 

6,473 

11,673 

Prize  cargoes  -       -       -  - 

109 

Other  parts      -       .       .  - 

228 

867 

207 

1,127 

155,739 

109,791 

78,133 

105,941 

ASHES  OF  PLANTS.  The  ashes  of  all  species  of  woods  and  weeds  are  found 
to  contain  some  alkali,  hence  it  is  that  the  residuary  matter,  after  the  combustion  of 
any  vegetable  matter,  is  found  to  act  as  a  stimulant  to  vegetable  growth. 

The  following  analyses  of  the  ashes  of  plants  have  been  selected  from  the  tables 
which  have  been  published,  by  Messrs.  Thomas  Way  and  G.  Ogston,  in  the  "Journal 
of  the  Agricultural  Society  " : —  ""umai 
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Potassa  -  -  . 
Siida  -  -  - 
Lime  -  -  - 
Magnesia 

Sesquioxide  of  iron 
Sulphuric  acid 
Silica     -      -  - 
Carbonic  acid 
Phn^pllclric  acid 
Chloride  of  potas- 
sium   -       -  - 
Chloride  of  sodium 


Total  amount 

Per-centage  of  ash 
in  the  dry  sub- 
stance -      -  - 

Per-centage  of  ash 
in  the  fresh  sub- 
stance -      -  - 


42-43 

3-  27 
.V73 
5-112 

0-  44 
C-23 

1-  74 

4 -  38 
29-92 


99-96 
2-60 
2-24 


lifil 

Clover. 


3-26 


100-00 
2-90 
2-54 


18-44 
2  79 

11-  91 
0-98 

3-  91 

4-  113 

12-  92 

5-  82 


4M3 


99-95 
7-87 
6-77 


Snin- 
fuin. 


31-90 

24-30 
5  03 
061 
3-28 
3-22 

lfl-20 
9-35 


0-24 
0-78 


99-96 
6-37 
5-65 


Wliuat 
Grain. 


29-76 
5-26 
2-H8 

U-OG 
0  23 
0  II 
2-J3 
0-22 

48-21 


99-96 
2-05 
1-81 


10-51 

1-  O.t 

5-  91 
1  25 
0-07 

2-  H 
73-57 

6-  51 


99-99 


Barley. 


20-07 
4-,% 
1-48 
7-45 
0-61 
0-79 

32-7:) 

31'G9 


99-98 


2-.50 


2-25 


Turnip 
Ilool. 


17-70 
3-84 
3-54 
7-33 

0-  49 

1-  in 

38-48 
26-46 
0-92 


99-96 


2-50 


2-27 


Turnip  Beet  Carrot 
Leaver.,  lUx)U  i  Itoot. 


23-70 
14-7.-) 
11-82 

3-28 

0  47 
16-13 

•2-G9 
10-47 

9-31 


7-05 


99  93 


6- 00 


0-75 


11-  56 

12-  43 
28-49 

2-62 
3  02 
10-36 
8-01 
6-18 
4-85 


21-68 
3-13 
1-90 
1-79 

0-  .52 
3-14 

1-  40 
15 

1-65 


12-41  49-51 


99-96  99-96 


16-40 


1-97 


37-.55 
I2-G3 
9-76 
3-78 
6-74 
6-34 
0-76 
15-|.'i 
8-37 


4-91 


99-99 


11-32     5  12 


1-02 


0-77 


A  few  additional  analyses,  by  Prof.  Way  and  other  chemists,  are  given  for  the  pur- 
pose of  showing  the  variations  which  exist  in  the  constituents  of  plants  as  determmed 
by  the  analysis  of  their  ashes. 


Potatoes.* 

Lettuce 
Leaves  and 
Stalk.  + 

Olive-tree 
Wood.t 

Hops.^ 

Hay.ll 

Sprouts : 
Cliipea 
Sprotus  1[ 

Potassa  -       -  - 
Soda 

Lime  - 
Magnesia 

Sesquioxide  of  Ii-on  - 
Sulphuric  Acid 
Silica  -  - 
Carbonic  Acid 
Phosphoric  Acid 
Chloride  of  Potassium 
Chloride  of  Sodium - 

25-41 

2-  34 
4-17 

0-50 
4-71 

3-  64 

10-38 
12  40 
trace. 

22-37 
18-50 

10-  43 
5-68 

2-  82 

3-  85 

11-  86 

9-38 
15-09 

20-60 

63-02 

2-  31 

309 

3-  82 

4-  77 
1-09 

24-88 

21-59 
4-69 

1-  75 
7-27 

19-71 

2-  17 
14-47 

3-  42 

11-93 

1-  07 
14-76 

5-  30 

2-  75 
0-20 

53-43 

6-  34 
2-27 

17-23 
1-19 

23-57 
301 
0-28 

43-52 
11-19 

Total  Amount 
Per-centage  of  Ash  in 

the  dry  substance 
Per-centage  of  Ash  in 

the  fresh  substance 

100-00 
4-86 

99-99 

100-00 
0-58 

99-95 
5-95 

100-00 
6-97 
6-15 

100  00 

rr-i,  1  omnnnt  nf  silica  fouud  in  the  grasses,  constituting,  as  it  does,  tneir  outer 
coaTingl'^cf^norf"!  to  be  no£ed.    The  variations  in  the  quantities  of  phosphoric 
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onnhrychis,  Lathyrus  odoratus,  L.  latifolms,  Fhaseolus  vuhjaris,  Pisum  sativum,  Tii- 
folium  pratense,  Vicia  Faha,  and  V.  saliva.  .    ,       ,  ^ 

rrepcnation  —  Perhaps  the  most  convenient  and  economical  mode  of  procuring 
asparagine  is  from  the  etiolated  (blanched)  shoots  of  vetches.  When  they  have 
acquired  a  length  of  two  inches  — -which,  under  favourable  circumstances,  will  be  in 
about  three  weeks  — they  are  to  be  crushed,  and  the  juice  pressed  out.  The  quantity 
yielded  will  be  rather  less  than  three-fourths  of  the  -weight  of  the  plant.  It  is  then  to 
be  boiled  for  a  short  time,  to  coagulate  the  vegetable  albumen,  and  strained.  This 
clarified  fluid  is  to  be  evaporated  until  almost  syrupy,  and  put  aside  to  crystallise. 
The  product  is  at  first  brown,  but  by  washing  with  cold  water,  afterwards  dissolving 
in  boiiing  water,  and  subsequent  crystallisation,  it  may  be  obtained  pure.  If,  previous 
to  putting  the  hot  fluid  aside  to  crystallise,  a  little  pure  animal  charcoal  be  added, 
and  the  whole  be  digested  a  short  time,  and  then  filtered,  the  crystals  will  be  obtained 
brilliantly  white  at  one  operation.  Some  chemists  advise  the  germination  to  be 
allowed  to  go  much  further  than  -was  mentioned  above,  so  that  the  shoots  may  be  as 
long  as  1 5  inches.  The  crystals  obtained  by  the  process  given  have  the  formula 
C  N-  0^+2  Aq.,  but  the  water  is  expelled  at  212°.  Dry  asparagine  was  for  some 
time  regarded  as  the  amide  of  malic  acid; — that  is  to  say,  neutral  malate  of  ammonia 
minus  four  equivalents  of  water;  but  recent  researches  have  demonstrated  that  this 
identity  does  not  exist.  It  is  remarkable  that,  nevertheless,  malic  acid  is  formed 
when  a  nitric  solution  of  asparagine  is  treated  with  nitric  oxide  gas.  Asparagine 
possesses  the  peculiarity  of  behaving  like  a  base  towards  strong  oxides  and  like  an 
acid  towards  bases.  The  crystals  obtained  by  the  method  given  contain,  in  the  100 
parts,  carbon  32-00,  hydrogen  6-67,  nitrogen  18-67,  oxygen  42-66.  Dried  at  212°, 
it  has  the  following  composition  :  carbon  36-36,  hydrogen  6-06,  nitrogen  21-21, 
oxygen  36-37.— C.  G.  W. 

ASPHALTIC  MASTIC,  used  in  Paris  for  large  works,  is  brought  down  the 
Ehone  from  Pyrimont,  near  Lyssell.  It  is  composed  of  nearly  pure  carbonate  of 
lime,  and  about  9  or  10  per  cent  of  bitumen. 

When  in  a  state  of  powder  it  is  mixed  with  about  7  per  cent  of  bitumen  or  mineral 
pitch,  found  near  the  same  spot.  The  powdered  asphalt  is  mixed  with  the  bituii:en  in 
a  melted  state  along  with  cle-an  gravel,  and  consistency  is  given  to  pour  it  into  moulds. 
Sulphur  added  to  about  1  per  cent,  makes  it  very  brittle.  The  asphalt  is  ductile,  and 
has  elasticity  to  enable  it,  with  the  small  stones  sifted  upon  it,  to  resist  ordinar)-  wear. 
Walls  having  cracked,  and  parts  having  fallen,  the  asphalte  has  been  seen  to  stretch 
and  not  crack.  It  has  been  regarded  as  a  sort  of  mineral  leather.  The  sun  and 
rain  do  not  appear  to  afl^ect  it ;  and  it  answers  for  abattoirs  and  barracks,  keeps 
vermin  down,  and  is  uninjured  by  the  kicking  of  horses. 

A  large  roof  has  been  formed  in  Paris,  for  a  store  for  the  Goveniment  food,  entirely 
of  earthenware  tiles,  and  without  timber,  the  tiles  being  9  inches  long  and  5  wide. 
The  arch  is  covered  with  a  concrete  of  lime,  sand,  and  gravel ;  then  with  a  thin  coat 
of  hydraulic  mortar;  over  this,  when  dry,  canvas  was  tightly  stretched;  asphaltic 
mastic  was  poured  in  a  semi-fluid  state,  and  this  formed  the  finished  surface  of  the 
roof.  The  strength  of  the  roof  has  been  purposely  tested  to  bear  six  tons  without 
yielditig,  and  has  borne  the  accidental  fall  of  a  stack  of  chimneys,  with  the  only  efi'ect 
of  bruising  the  mastic,  readily  repaired. 

ASPHALTUM.  {Bitume  or  Asphalte,  Fr.;  Asphalt,  Germ.)  Mineral  Pitch;  so 
called  from  the  lake  Asph  iltites  ;  a  variety  of  bitumen,  arising  from  one  of  the  many 
peculiar  changes  of  vegetable  matter.  Asphaltum,  in  common  with  other  varieties  of 
bitumen,  is  a  form  of  hydrocarbon  produced  in  the  interior  of  the  earth  by  the  trans- 
formation of  carbonaceous  matter,  like  all  combustible  bodies  of  the  same  class 
Composition,  C  H*.  It  is  a  solid  black  or  brownish-black  substance,  possessing  a 
bright  conchoidal  fracture.  It  fuses  at  212°  F.,  burning  with  a  brilliant  flame  and 
emitting  a  bituminous  odour.  Specific  gravity  =  1  to  12.  Asphaltum  is  insoluble 
m  alcohol,  but  soluble  in  about  five  times  its  weight  of  naphtha.  See  Bitumen  of 
JuDKA  and  Jews'  Pitch. 

This  solid  shining  bitumen,  of  a  deep  black  colour  when  broken,  is  found  in  many 
parts  of  iigypt.  A  thin  piece  appears  of  a  reddi.sh  colour  when  held  to  the  li'^ht  • 
when  cold,  it  has  no  odour;  by  a  moderate  heat  or  by  friction,  the  odour  is  slight  • 
lully  heated,  it  liquefies,  swells,  and  bums  with  a  thick  smoke;  the  odour  civcn  is 
acrid,  strong,  and  disagreeable.  ^ 

Spirits  of  wine  dissolves  pitch,  but  only  takes  a  pale  colour  with  asphaltum.  It  is 
readily  procured  at  Mocha.  ^ 

In  the  arts,  asphalttim  is  used  as  a  component  of  japan  varnish.  It  is  likewise 
stonS-l!  W.T"'  °'  ^'""^  a  substitute  for  flag! 
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The  following  quantities  of  Asphaltum,  or  Bitumen  Judaicum,  were  imported  into 
Great  Britain  —  in  1855,  1674  tons;  in  1856,  2707  tons,  of  which  2573  tons  were 
from  France. 

ASSAY  and  ASSAYING.  (Coupellation,  Ft.;  Ablreiben  auf  cler  capelle,  Germ.) 
This  is  the  process  hy  which  the  quality  of  gold  and  silver  bullion,  coin,  platC;  or 
trinkets  is  ascertained  with  precision. 

The  art  of  assaying  gold  and  silver  bi/  the  cupel  is  founded  upon  the  feeble  affinity 
■which  these  metals  have  for  oxygen,  in  comparison  with  copper,  tin,  and  the  other 
cheaper  metals  ;  and  on  the  tendency  which  the  latter  metals  have  to  oxidise  rapidly 
in  contact  with  lead  at  a  high  temperature,  and  sink  with  it  into  any  porous  earthy 
vessel  in  a  thin  glassy  or  vitriform  state.  The  porous  vessel  may  be  made  either  of 
wood-ashes,  freed  from  their  soluble  matter  by  •washing  with  water ;  or,  preferably,  of 
burned  bones  reduced  to  a  fine  powder. 

Quantity  of  Lead  to  be  employed  for  Alloys  (M.  D'Arcet). 


Alloy. 

Lead  for  1  of  Alloy. 

Ratio  nf  the  Copper  to 

the  Lead. 

Silver. 

Copper. 

1000 

0 

3 

la 

0 

950 

50 

3 

1 

60 

900 

100 

7 

1 

70 

800 

200 

10 

1 

50 

700 

300 

12 

1 

40 

600 

400 

14 

1 

35 

500 

500 

16  or  17 

1 

■  32 

400 

600 

16—17 

1 

26-7 

.300 

700 

16  —  17 

1 

22-9 

200 

800 

16—17 

1 

20 

100 

900 

16  —  17 

1 

17-8 

0 

1000 

16  —  17 

1 

16 

Bismuth  may  be  used  as  a  substitute  for  lead  in  cupellation ;  two  parts  of  it  being 
nearly  equivalent  to  three  of  lead.  But  its  higher  price  will  prevent  its  general 
introduction  among  assay  masters. 

We  begin  this  assay  process  by  weighing,  in  a  delicate  balance,  a  certain  weight  of 
the  metallic  alloy  ;  a  gramme  (=  15-432  gr.)  is  usually  taken  in  France,  and  12  grains 
in  this  country.  This  weight  is  wrapped  up  in  a  slip  of  lead  foil  or  paper,  should  it 
consist  of  several  fragments.  This  small  parcel,  thus  enveloped,  is  then  laid  in  a 
■watch  glass  or  a  capsule  of  copper,  and  there  is  added  to  it  the  proportion  of  lead 
suited  to  the  quality  of  alloy  to  be  assayed ;  there  being  less  lead,  the  finer  the  silver 
is  presumed  to  be.  Those  who  are  much  in  the  habit  of  cupellation  can  make  good 
guesses  in  this  way ;  though  it  is  still  guess-work,  and  often  leads  to  considerable 
error,  for  if  too  much  lead  be  used  for  the  proportion  of  baser  metal  present,  a  portion 
of  the  silver  is  wasted  ;  but  if  too  little,  then  the  ■whole  of  the  copper,  &c.  is  not 
carried  otf,  and  the  button  of  fine  silver  remains  more  or  less  impure.  The  most 
expert  and  experienced  assayer  by  the  cupel  produces  merely  a  series  of  approximate 
coniectural  results,  which  fall  short  of  chemical  demonstration  and  certamty  in  every 
instance  The  lead  must  be,  in  all  cases,  entirely  free  from  silver,  being  such  as  has 
been  revived  from  pure  litharge  ;  otherwise  errors  of  the  most  serious  kind  would  be 

"^^TtTettX^S  gvan^mes,  or  193  grains.  The  cupels  allow  the  fused 
oxides  to  flow  through  them  as  through  a  fine  sieve,  but  are  impermeable  to  the 
Janic  es  of  metals;  and  thus  the  former  pass  readily  down  mto  their  substance,  wh.  e 
[he  latter  remain  upon  their  surface ;  a  phenomenon  owing  to  the  circumstance  of  the 
glas  y  oxides  moistening,  as  it  were,  the  bone-ash  powder,  whereas  the  metals  can 
fontract  no  adherence  wkh  it.  Hence  also  the  liquid  metals  preserve  a  I'emispherica 
Shane  in  the  cupels,  as  quicksilver  does  in  a  cup  of  glass,  while  the  fused  oxide  spreads 
oven  and  penetrat<;s  their  substance,  like  water.  A  cupel  may  be  regarded,  in  some 
measure  as  a  filter  permeable  only  to  certain  liquids.  vi  • 

It  we  puttnto  a  cupel,  therefore,  two  metals,  of  which  the  one  >%'^°.^l'«'-^Se  i^^^^ 
air  the  other  susceptible  of  oxidisement,  and  of  producing  a  -ry  f.isib le  ox.de  it  ^ 
obV.ous  that,  by  exposing  both  to  a  proper  degree  J.^  '"'^^^^^^^ 

separating  them'  We  should  also  succeed,  though  the  oxide  ^^^'^  '"^^'"^  ^iJ^'^^^J 
it  n  conttct  with  another  one,  which  may  render  it  fusible.    In  both  cases,  however, 
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the  metal  from  whicli  we  -wish  to  part  the  oxides  must 
not  be  -volatile ;  it  should  also  melt,  and  form  a  button 
at  the  heat  of  cupellation  ;  for  otherwise  it  would  con- 
tinue disseminated,  attached  to  the  portion  of  oxide 
spread  over  the  cupel,  and  incapable  of  being  collected. 

The  furnace  and  implements  used  for  assaying  in  the 
Royal  Mint  and  Goldsmiths'  Hall,  in  the  city  of  London, 
are  the  following  :  — 

A  A  A  A  (Jig.  117)  is  a  front  elevation  of  an  assay 
furnace ;  a  a,  a.  view  of  one  of  the  two  iron  rollers  on 
which  the  furnace  rests,  and  by  means  of  which  it  is 
moved  forward  or  backward ;  b,  the  ash-pit  ;  c  c  are  the 
ash-pit  dampers,  which  are  moved  in  a  horizontal  direc- 
tion towards  each  other  for  regulating  the  draught  of  the 

furnace;  d,  the  door,  or  opening,  by  which  the  cupels   

and  assays  are  introduced  into  the  muffle ;  e,  a  movable 

funnel  or  chimney  by  which  the  draught  of  the  furnace  is  increased. 

B  B  B  B  (Jig.  118)  is  a  perpendicular  section  of  Jig. 117;  a  a,  end  view  of  the  rollers  j 
b,  the  ash-pit ;  c,  one  of  the  ash-pit  dampers ;  d,  the 
grate,  over  which  is  the  plate  upon  which  the 
muffle  rests,  and  which  is  covered  with  loam  nearly 
one  inch  thick;  /,  the  muffle  in  section,  represent- 
ing the  situation  of  the  cupels ;  g,  the  mouth-plate, 
and  upon  it  are  laid  pieces  of  charcoal,  which,  during 
the  process,  are  ignited,  and  heat  the  air  that  is 
allowed  to  pass  over  the  cupels,  as  will  be  more 
fully  explained  in  the  sequel ;  h,  the  interior  of  the 
furnace,  exhibiting  the  fuel. 

The  total  height  of  the  furnace  is  2  feet  6J  inches  ; 
from  the  bottom  to  the  grate,  6  inches  ;  the  grate, 
muffle,  plate,  and  bed  of  loam,  with  which  it  is 
covered,  3  inches  ;  from  the  upper  surface  of  the 
grate  to  the  commencement  of  the  funnel  e,  Jig.  117, 
2 11  inches ;  the  funnel  e,  6  inches.  The  square 
of  the  furnace  which  receives  the  muffle  and  fuel 
is  llf  inches  by  15  inches.  The  external  sides  of  the  furnace  are  made  of  plates  of 
wrought  iron,  and  are  lined  with  a  2-inch  fire-brick. 

c  c  c  c  (Jig.  119)  is  a  horizontal  section  of  the  furnace  over  the  grate,  showing  the 
width  of  the  mouth-piece,  or 
plate  of  wrought  iron,  which  is 
6  inches,  and  the  opening  which 
receives  the  muffle  plate. 

Fig.  120  represents  the  muf- 
fle or  pot,  which  is  12  inches 
long,  6  inches  broad  inside ; 
in  the  clear  6^ :  in  height  4i  in- 
side measure,  and  nearly  5^  in 
the  clear. 

Fig.  121,  the  muffle-plate,  which  is  of  the  same  size  as  the  bottom  of  the  muffle. 
Fig.  122  is  a  representation  of  the  sliding-door  of  the  mouth-plate,  as  shown  at  d, 
in  Jig.  117. 
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Fig.  123,  a  front  view  of  the  mouth-plate  or  piece,  d,Jig.  117. 
Fig.  124  a  representation  of  the  mode  of  the  making,  or  shutting  up  with  pieces  of 
charcoal,  the  mouth  of  the  furnace.  v 
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Fig  125,  the  teaser  for  cleaning  the  grate. 

Fig.  126,  a  larger  teaser,  which  is  introduced  at  the  top  of  the  furnace,  for  keepinc 
a  complete  supply  of  charcoal  around  the  muffle. 

Fig.  127,  the  tongs  used  for  charging  the  assays  into  the  cups. 
Fig  128  represents  a  board  of  wood  used  as  a  register,  and  is  divided  into  45  equal 
compartments,  upon  which  the  assays  are  placed  previously  to  their  being  introduced 
into  the  furnace.  "When  the  operation  is  performed,  the  cupels  are  placed  in  the  fur- 
nace in  situations  corresponding  to  these  assays  on  the  board.  By  this  means  all 
confusion  is  avoided,  and  without  this  regularity  it  would  be  impossible  to  preserve 
the  accuracy  which  the  delicate  operations  of  the  assayer  require. 

We  now  proceed  to  a  description  of  a  small  assay  furnace  invented  by  Messrs. 
Anfrye  and  D'Arcet,  of  Paris.  They  term  it,  le  petit  Fourneau  a  Coupelk.  Fig.  129 
represents  this  furnace,  and  it  is  composed  of  a  chimney  or  pipe  or  wrought  iron,  a, 
and  of  the  furnace,  B.  It  is  17^  inche.s  high,  and  7^  inches  wide.  The  furnace  is 
formed  of  three  pieces  ;  of  a  dome,  A;  the  body  of  the  furnace,  b  ;  and  the  ash  pit,  c, 
which  is  used  as  the  base  of  the  furnace,  .^jrs.  129  and  130.  The  principal  piece,  or 
body  of  the  furnace,  b,  has  the  form  of  a  hollow  tower,  or  of  a  hollow  cylinder,  flat- 
tened equally  at  the  two  opposite  sides  parallel  to  the  axis,  in  such  a  manner  that  the 

horizontal  section  is 
elliptical.  The  foot 
which  supports  it  is  a 
hollow  truncated  cone, 
flattened  in  like  man- 
ner upon  the  two  op- 
posite sides,  and  hav- 
ing consequently  for 
its  basis  two  ellipses 
of  different  diameters: 
the  smallest  ought  to 
be  equal  to  that  of  the 
furnace,  so  that  the 
bottom  of  the  latter 
may  exactly  fit  it.  The 
dome,  which  forms  an 
arch  above  the  fur- 
nace, has  also  its  base 
elliptical,  whilst  that 
of  the  superior  orifice, 
by  which  the  smoke 
goes  out,  preserves  the 
cylindrical  form.  The 
tube  of  wrought  iron 
is  18  inches  long,  and 
2A  inches  in  diameter. 


having  one  of  its  ends 
a  little  enlarged,  and 
slightly  conical,  that  it 
may  be  exactly  fitted 
or  jointed  upon  the 
upper  part  of  the  fur- 
nace dome,  d  {Jig.  129). 
At  the  union  of  the 
conical  and cy  lindrical 

parts  the  tube,  there  is  placed  a  small  gallery  of  iron,  e,  fgs.  129,  130.  (See  also  a 
plan  oi  \t,  fig.  131.)  This  gallery  is  both  ingenious  and  useful.  Upon  it  are  placed 
the  cupels,  which  are  thus  annealed  during  the  ordinary  work  of  the  furnace,  that 
they  may  be  introduced  into  the  muffle  when  it  is  brought  into  its  proper  degree  of 
heat.  A  little  above  this  gallery  is  a  door,/,  by  which,  if  thought  proper,  the  char- 
coal could  be  introduced  into  the  furnace;  above  that  there  is  placed  at  a  throttle 
valve,  which  is  used  for  regulating  the  draught  of  the  furnace  at  pleasure.  Messrs. 
Anfrye  and  D'Arcet  say,  that,  to  give  the  furnace  the  necessary  degree  of  heat  so  as 
to  work  the  assays  of  gold,  the  tube  must  be  about  18  inches  above  the  gallery  for 
annealing  or  heating  the  cupels.  The  circular  opening  in  the  dome,  h  (fig.  129,  and 
as  seen  in  section  fig.  130),  is  used  to  introduce  the  charcoal  into  the  furnace:  it  is 
also  used  to  inspect  the  interior  of  the  furnace,  and  to  arrange  the  charcoal  round  the 
muffle.  This  opening  is  kept  shut  during  the  working  of  the  furnace,  with  the 
mouth-piece,  of  which  the  face  is  seen  at  n,fig.  130. 
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The  section  of  the  furnace,  ^i/.  130,  presents  several  openings,  the  principal  of  which 
is  that  of  the  muflSe  ;  it  is  placed  at  i ;  it  is  shut  with  the  semicircular  door  m,  fig.  129 
and  seen  in  the  section  m,fig.  130.  In  front  of  this  opening  is  the  table  or  shelf 
upon  which  the  door  of  the  muffle  is  made  to  advance  or  recede  The  letter  9,  ^19. 
130,  shows  the  face,  side,  and  cross  section  of  the  shelf,  which  makes  part  of  the  fur- 
nace. Immediately  under  the  shelf  is  a  horizontal  slit,  /,  which  is  pierced  at  the  level 
of  the  upper  part  of  the  grate,  and  used  for  the  introduction  of  a  slender  rod  of  iron, 
that  the  giate  may  be  easily  kept  clean.  This  opening  is  shut  at  pleasure,  by  the 
wedge  represented  at  k,figs.  129  and  130. 

Upon  the  back  of  the  furnace  is  a  horizontal  slit,  p,  fig.  130,  which  supports  the 
fire  brick,  s,  and  upon  which  the  end  of  the  muffle,  if  necessary,  may  rest ;  u,  fig.  130, 
is  the  opening  in  the  furnace  where  the  muffle  is  placed. 

The  plan  of  the  grate  of  the  furnace  is  an  ellipse  :  fig.  132  is  a  horizontal  view  of 
it.  The  dimensions  of  that  ellipsis  determine  the  general  form  of  the  furnace,  and 
thickness  of  the  grate.  To  give  strength  and  solidity  to  the  grate,  it  is  encircled  by 
a  bar  or  hoop  of  iron.  There  is  a  groove  in  which  the  hoop  of  iron  is  fixed.  The 
holes  of  the  grate  are  truncated  cones,  having  the  greater  base  below,  that  the  ashes 
may  more  easily  fall  into  the  ash-pit.  The  letter  v,fig.  130,  shows  the  form  of  these 
holes.  The  grate  is  supported  by  a  small  bank  or  shelf,  making  part  of  the  furnace, 
as  seen  at  a,  fig.  130. 

The  ash-pit,  c,  has  an  opening,  y,  in  front,  fig.  130  ;  and  is  shut  when  necessary 
by  the  mouth- piece,  r,figs.  129  and  130. 

To  give  strength  and  solidity  to  the  furnace,  it  is  bound  with  hoops  of  iron,  at 
bb  b  b,fig.  129. 

Figs.  133,  134,  135,  are  views  of  the  muffle. 

Fig.  136  is  a  view  of  a  crucible  for  annealing  gold. 

Figs.  137,  138,  139,  are  cupels  of  various  sizes,  to  be  used  in  the  furnace.  They 
are  the  same  as  those  used  by  assayers  in  their  ordinary  furnaces. 

Figs.  140  and  141  are  views  of  tlie  hand-shovels,  used  for  filling  the  furnace  with 
charcoal ;  they  should  be  made  of  such  size  and  form  as  to  fit  the  opening  h,  in  figs. 
129  and  130. 

The  smaller  pincers  or  tongs,  by  which  the  assays  are  charged  into  the  cupels,  and 
by  which  the  latter  are  withdrawn  from  the  furnace,  as  well  as  the  teaser  for  cleansing 
the  grate  of  the  furnace,  are  similar  to  those  used  at  the  British  Miut. 

In  the  furnace  of  the  Mint  above  described,  the  number  of  assays  thai  can  be  made 
at  one  time  is  45.  The  same  number  of  cupels  is  put  into  the  muffle.  The  furnace 
is  then  filled  with  charcoal  to  the  top,  and  upon  this  are  laid  a  few  pieces  already 
ignited.  In  the  course  of  three  hours,  a  little  more  or  less  according  to  circum- 
stances, the  whole  is  ignited ;  during  which  period  the  muffle,  which  is  made  of  fire- 
clay, is  gradually  heated  to  redness,  and  is  prevented  from  cracking,  which  a  less 
regular  or  more  sudden  increase  of  temperature  would  not  fail  doing  :  the  cupels,  also, 
become  properly  annealed.  All  moisture  being  dispelled,  they  are  in  a  fit  state  to 
receive  the  piece  of  silver  or  gold  to  be  assayed. 

The  greater  care  that  is  exercised  in  this  operation,  the  less  liable  is  the  assayer  to 
accidents  from  the  breaking  of  the  muffle;  which  it  is  both  expensive  and  troublesome 
to  fit  properly  into  the  furnace. 

The  cupels  used  in  the  assay  process  are  made  of  the  ashes  of  burnt  bones  (phos- 
phate of  hme).  In  the  Eoyal  Mint,  the  cores  of  ox-horn  are  selected  for  this  pur- 
pose; and  the  ashes  produced  are  about  four  times  the  expense  of  the  bone-ash  used 
in  the  process  of  cupellation  on  a  large  scale.  So  much  depends  upon  the  accuracV 
ot  an  assay  of  gold  or  silver,  where  a  mass  of  15  lbs.  troy  in  the  first,  and  60  lbs.  troy 
in  the  second  instance,  is  determined  by  the  analysis  of  a  portion  not  exceeding  20 
troy  grains,  that  every  precaution  which  the  longest  experience  has  suggested  is  used 
to  obtain  an  accurate  result.  Hence  the  attention  paid  to  the  selection  of  the  most 
proper  materials  for  making  the  cupels. 

The  cupels  are  formed  in  a  circular  mould  made  of  cast  steel,  very  nicely  turned 
by  which  means  they  are  easily  freed  from  the  mould  when  struck.  The  bone-ash  is 
used  moistened  with  a  quantity  of  water,  sufficient  to  make  the  particles  adhere  firmly 
together.  The  circular  mould  is  filled,  and  pressed  level  with  its  surface  -  after 
which,  a  pestle  or  rammer,  having  its  end  nicely  turned,  of  a  globular  or  convex 
shape,  and  of  a  size  equal  to  the  degree  of  concavity  wished  to  he  made  in  ^he  cunel 

fh™f "'I'^y-     P'"'^^^  "P"'^  '°       'I'o^'d.  and  struck  with 

a  hammer  until  the  cupel  is  properly  formed.    These  cupels  are  allowed  to  drv  n 

An  assay  may  prove  defective  for  several  reasons.    Sometimes  tlie  button  or  bead 
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sends  forth  crystalline  vegetations  on  its  surface  -with  such  force  as  to  make  one  sup- 
pose  a  portion  of  the  silver  may  be  thrown  out  of  the  cupel,  technically  called 
"spitting."  When  the  surface  of  the  bead  is  dull  and  flat,  the  assay  is  considered  to 
have  been  too  hot,  and  it  indicates  a  loss  of  silver  in  fumes.  When  the  tint  of  the 
bead  is  not  uniform,  when  its  inferior  surface  is  bubbly,  when  yellow  scales  of  oxide 

of  lead  remain  on  the  bottom  of  the  cupel,  and  the  bead  adheres  strongly  to  it,  by 

these  signs  it  is  judged  that  the  assay  has  been  too  cold,  and  that  the  silver  retains 
some  lead. 

Lastly,  the  assay  is  thought  to  be  good  if  the  bead  is  of  a  round  form,  if  its  upper 
surface  is  brilliant,  if  its  lower  surface  is  granular  and  of  a  dead  white,  and  if  it  sepa- 
rates readily  from  the  cupel. 

After  the  lead  is  put  into  the  cupel,  it  gets  immediately  covered  with  a  coat  of 
oxide,  which  resists  the  admission  of  the  silver  to  be  assayed  into  the  melted  metal ; 
so  that  the  alloy  cannot  form.  When  a  bit  of  silver  is  laid  on  a  lead  bath  in  this 
predicamant,  we  see  it  swim  about  for  a  long  time  without  dissolving.  In  order  to 
avoid  this  result,  the  silver  is  wrapped  up  in  a  bit  of  paper ;  and  the  carburetted 
hydrogen  generated  by  its  combustion  reduces  the  film  of  the  lead  oxide,  gives  the 
bath  immediately  a  bright  metallic  lustre,  and  enables  the  two  metals  readily  to 
combine. 

As  the  heat  rises,  the  oxide  of  lead  flows  round  about  over  the  surface,  till  it  is 
absorbed  by  the  cupel.  When  the  lead  is  wasted  to  a  cei-tain  degree,  a  very  thin  film 
of  it  only  remains  on  the  silver,  which  causes  the  iridescent  appearance  like  the 
colours  of  soap-bubbles  —  a  phenomenon  called,  by  the  old  chemists,  fulguration. 

When  the  cupel  cools  in  the  progress  of  the  assay,  the  oxygenation  of  the  lead  ceases  ; 
and,  instead  of  a  very  liquid  vitreous  oxide,  an  imperfectly  melted  oxide  is  formed, 
which  the  cupel  cannot  absorb.  To  correct  a  cold  assay,  the  temperature  of  the 
furnace  ought  to  be  raised,  and  pieces  of  paper  put  into  the  cupel,  till  the  oxide 
of  lead  which  adheres  to  it  be  reduced.  On  keeping  up  the  heat,  the  assay  will 
resume  its  ordinary  train. 

Pure  silver  almost  always  vegetates.  Some  traces  of  copper  destroy  this  property, 
which  is  obviously  due  to  the  oxygen  which  the  silver  can  absorb  while  it  is  in 
fusion,  and  which  is  disengaged  the  moment  it  solidifies.  An  excess  of  lead,  by 
removing  all  the  copper  at  an  early  stage,  tends  to  cause  the  vegetation. 

The  brightening  is  caused  by  the  heat  evolved  when  the  button  passes  from  the 
liquid  to  the  solid  state.    Many  other  substances  present  the  same  phenomenon. 

In  the  above  operation  it  is  necessary  to  employ  lead  which  is  very  pure,  or  at  least 
free  from  silver.  This  is  called  poor  lead.  I  have  found  the  lead  reduced  from 
Pattison's  "  oxychloride  "  to  be  more  free  from  silver  than  any  that  I  could  obtain  by 
any  other  means ;  the  lead  reduced  from  the  litharge  of  commerce  usually  contains 
from  10  to  15  dwts.  of  silver  per  ton. 

It  has  been  observed  at  all  times,  that  the  oxide  of  lead  carries  oS  with  it,  into  the 
cupel,  a  little  silver  in  the  state  of  an  oxide.  This  effect  becomes  less,  or  even  disap- 
pears' when  there  is  some  copper  remaining ;  and  the  more  copper,  the  less  chance 
there  is  of  any  silver  being  lost.  The  loss  of  silver  increases,  on  the  other  hand,  with 
the  dose  of  lead.  Hence  the  reason  why  it  is  so  important  to  proportion  the  lead  with 
a  precision  which,  at  first  sight,  would  appear  to  be  superfluous.  Hence,  also,  the 
reason  of  the  attempts  which  have,  of  late  years,  been  made  to  change  the  whole 
system  of  silver  assays,  and  to  have  recourse  to  a  method  exempt  from  the  above 
c&usGS  of  error. 

M  D'Arcet  charged  by  the  Commission  of  the  Mint  in  Paris  to  examine  into  the 
iustice  of  the  reclamations  made  by  the  French  silversmiths  against  the  public  assays, 
ascertained  that  they  were  well  founded ;  and  that  the  results  of  cupellation  gave  for 
the  allovs  between  897  and  903  thousandths  (the  limits  of  their  standard  coin)  an 
inferior  standard,  by  from  4  to  5  thousandth  parts,  from  the  standard  or  title  which 
should  result  from  the  absolute  or  actual  alloy.  .•     ,  ^  „p  onn 

The  mode  of  assay  shows,  in  fact,  that  an  ingot  experimentally  composed  of  900 
thousandths  of  fine  silver  and  100  thousandths  of  copper,  appears,  by  cupellation  to 
be  only,  at  the  utmost,  896  or  897  thousandths ;  whereas  fine  silver  of  1000  thou- 
sandths comes  out  nearly  of  its  real  standard.  Consequently,  a  director  of  the  M.nt 
who  should  compound  his  alloy  with  fine  silver  would  be  obliged  to  eniploy  903  or 
^04  thousandths  in  order  that,  by  the  assay  in  the  aboratory  of  the  Mmt  it  shou  d 
appelr  to  have  the  standard  of  900  thousandths.  These  3  or  4  thousandths  woiUd 
Z  lZ  to  him  since  they  would  be  disguised  by  the  mode  of  assay,  the  definitive 
cr^tSn  oJTh'eTanl^y  of  Silver,  of  which  the  Government  keeps  count  from  the 

'Tom'ex^eS  subsequently  made  by  M.  D'Arcet,  it  appears  that  silver  assays 
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always  suffer  a  loss  of  the  precious  metal,  which  varies  with  the  standard  of  the  alloy. 
Tt  is  1  thousandth  for  fine  silver, 

4-3  thousandths  for  silver  of  900  thousandths, 

4-9  „  „  800 

4-2  „  „  500     .  „ 

and  diminishes  thereafter,  progressively,  till  the  alloy  contains  only  100  thousandths 
of  silver,  at  which  point  the  loss  is  only  0-4. 

Assays  requested  by  the  Commission  of  the  Paris  Mint,  from  the  assayers  of  the 
principal  Royal  Mints  in  Europe,  to  which  the  same  alloys,  synthetically  compounded, 
were  sent,  afforded  the  results  inscribed  in  the  following  Table :  — 


Standards  found  for  the  Mathematical  Alloys. 

Cities  where  they 
reside. 

1*7 Ainss  of  tb6  Ass<iy6rs. 

950  Mill. 

900  Mill. 

800  Mill. 

F.  de  Castenhole,  Mint  As- 

sayer    -       -       -  . 

Vienna  - 

946-20 

898-40 

795-10 

A.  R.  Vervaez,  ditto  - 

Madi-id  - 

944-40 

893-70 

789-20 

D.  M.  Cabrera,  Assayer  in 

Spain    -       -       -  . 

Ditto  - 

944-40 

893-70 

788-60 

Assayer    .       -       -  - 

Amsterdam  - 

947-00 

895-00 

795-00 

Mr.  Bingley,  Assay  Master 

London  . 

946-25 

896-25 

794-25 

Mr.  Johnson,  Assayer 

Ditto  - 

933-33 

883-50 

783-33 

Inspector  of  the  Mint  - 

Utrecht  - 

945-00 

896-50 

799-00 

Assayer  of  the  Mint  - 

Naples  - 

945-00 

891-00 

787-00 

Assayer  of  Trade 

Ditto  - 

945-00 

891-00 

787-00 

Assayer  of  the  Mint  - 

Hamburg 

946-ja 

897-fi 

798-1^ 
790 

Ditto  .... 

Altona  - 

942-| 

894-00 

These  results,  as  well  as  those  in  still  greater  numbers,  obtained  from  the  ablest 
Parisian  assayers,  upon  identical  alloys  of  silver  and  copper,  prove  that  the  mode  of 
assay  applied  to  them  brings  out  the  standard  too  low  ;  and  further,  that  the  quantity 
of  silver  masked  or  disguised,  is  not  uniform  for  these  different  eminent  assay  masters. 
An  alloy,  for  example,  at  the  standard  of  900  thousandths  is  judged 

at  the  Mint  of  Paris  to  have  a  standard  of  895-6  mill. 
„         Vienna  „  898-4  ,, 

„         Madrid  „  893-7  „ 

Naples  „  891-0  „ 

The  fact  thus  so  clearly  made  out,  of  a  loss  in  the  standard  of  silver  bullion  and  coin 
merits  the  most  serious  attention;  and  it  will  appear  astonishing,  perhaps,  that  a  thing 
recurrmg  every  day  should  have  remained  for  so  long  a  time  in  the  dark.  In  realitv 
however,  the  fact  is  not  new;  as  the  very  numerous  and  well-made  experiments 
of  Tillet  from  1760  to  1763,  which  are  related  in  the  memoirs  of  the  Academy  of 
Sciences,  show,  m  the  silver  assays,  a  loss  still  greater  than  that  which  was  experienced 
in  the  laboratory  of  the  Commission  of  the  French  Mint.  But  he  thou"-ht  that  as 
the  error  was  common  to  the  nations  in  general,  it  was  not  worth  while  or^prudent  to 
mtroduce  any  innovation.  ^ 

A  mode  of  assaying  to  give  with  certainty  the  standard  of  silver  bullion,  should  be 
entirely  independent  of  the  variable  circumstances  of  temperature,  and  the  unknown 
proportions  of  copper,  so  difficult  to  regulate  by  the  mere  judgment  of  the  senses  I'he 
proces.^  by  the  humid  way,  recommended  to  the  Royal  Mint  in  1829,  and  exhibited 

is.n  h  i  ^Zt'^^''  ^'^"'^  Honourable  John  Herries,  then  Master,  S 

1830,  has  all  the  precision  and  certainty  we  could  wish.  It  is  founded  on  the  well- 
known  property  which  SI  ver  has,  when  dissolved  in  nitric  acid,  to  be  precipitated  in 
a  chloride  of  silver  quite  insoluble  by  a  solution  of  sea  salt  or  by  muriatic  add  but 
instead  of  determining  the  weight  of  the  chloride  of  silver,  which  would  be  somewha; 
uncertain  and  rather  tedious  on  account  of  the  difficult;  of  drying  t,  we  t^ke  thp 
quantity  of  the  solution  of  sea  salt  which  has  been  necessary  for  thf  prelfpi  ation  of 
the  silver.  To  put  the  process  in  execution,  a  liquor  is  prepared  coTosef  S  Wp. 
and  sea  salt  m  such  proportions  that  1000  measures  of  this  lim,n,  ot  water 
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have  been  required  to  precipitate  the  12  grains  of  alloy,  its  standard  would  be  905 
thousandths. 

The  process  by  the  humid  way  is,  so  to  speak,  independent  of  the  operator,  the 
manipulations  are  so  easy  ;  and  the  term  of  the  operation  is  very  distinctly  announced 
by  the  absence  of  any  sensible  nebulosities  on  the  aifusion  of  sea  salt  into  the  silver 
solution,  while  there  remains  in  it  one  quarter  of  a  thousandth  of  metal.  The  process 
is  not  tedious,  and  in  experienced  hands  it  may  rival  the  cupel  in  rapidity  :  it  has 
the  advantage  over  the  cupel  as  being  more  within  the  reach  of  ordinary  operators, 
and  of  not  requiring  a  long  apprenticeship.  It  is  particularly  useful  to  such  assayers 
as  have  only  a  few  assays  to  make  daily,  as  it  will  cost  them  very  little  time  and 
expense. 

By  agitating  briskly,  during  two  minutes,  the  liquid  rendered  milky  by  the  pre- 
cipitation of  the  chloride  of  silver,  it  may  be  sufficiently  clarified  to  enable  us  to 
appreciate,  after  a  few  moments  of  repose,  the  disturbance  that  can  be  produced  in 
it  by  the  addition  of  1000th  of  a  grain  of  silver.  Filtration  is  more  efficacious  than 
agitation,  especially  when  it  is  employed  afterwards  :  it  may  be  sometimes  used ;  but 
agitation,  which  is  much  more  prompt,  is  generally  sufficient.  The  presence  of  lead 
and  copper,  or  any  other  metal,  except  mercury,  has  no  perceptible  influence  on  the 
quantity  of  sea  salt  necessary  to  precipitate  the  silver  ;  that  is  to  say,  the  same 
quantitity  of  silver,  pure  or  alloyed,  requires  for  its  precipitation  a  constant  quantity 
of  the  solution  of  sea  salt. 

Supposing  that  we  operate  upon  a  gramme  of  pure  silver,  the  solution  of  sea  salt 
ought  to  be  such  that  100  centimetres  cube  may  precipitate  exactly  the  whole  of  the 
silver.  The  standard  of  an  alloy  is  given  by  the  number  of  thousandths  of  solution 
of  sea  salt  necessary  to  precipitate  the  silver  contained  in  a  gramme  of  alloy. 

When  any  mercury  is  accidentally  present,  which  is,  however,  a  rare  occurrence, 
it  is  made  obvious  by  the  precipitated  chloride  remaining  white  when  exposed  to 
daylight;  whereas,  when  there  is  no  mercury  present,  it  becomes  speedily  first  grey 
and  then  purple.  Silver  so  contaminated  must  be  strongly  ignited  in  fusion  before 
being  assayed,  and  its  loss  of  weight  noted.  In  this  case,  a  cupel  assay  must  be  had 
recourse  to. 

Preparation  of  the  Normal  Solution  of  Sea  Salt,  when  it  is  measured  by  Weight — 
Supposing  the  sea  salt  pure  as  well  as  the  water,  we  have  only  to  take  these  two 
bodies  in  the  proportion  of  0-5427  k.  of  salt  to  99-4573  k.  of  water,  to  have  100  k.  of 
solution,  of  which  100  grammes  will  precipitate  exactly  one  gramme  of  silver.  But 
instead  of  pure  salt,  which  is  to  be  procured  with  difficulty,  and  which  besides  may 
be  altered  readily  by  absorbing  the  humidity  of  the  air,  a  concentrated  solution  of 
the  sea  salt  of  commerce  is  to  be  preferred,  of  which  a  large  quantity  may  be  prepared 
at  a  time,  to  be  kept  in  reserve  for  use,  as  it  is  yfuntei.—Instructiun  de  Gay-Lussac. 

Preparation  of  the  Normal  Solution  of  Sea  Salt,  when  measured  by  Volume.  —  The 
measure  by  weight  has  the  advantage  of  being  independent  of  temperature,  of  havmg 
the  same  degree  of  precision  as  the  balance,  and  of  not  standing  in  need  of  correction. 
The  measure  by  volume  has  not  all  these  advantages ;  but,  by  givmg  it  sufficient 
precision,  it  is  more  rapid,  and  is  quite  sufficient  for  the  numerous  daily  assays  of  the 
Mint  This  normal  solution  is  so  made,  that  a  volume  equal  to  that  of  100  grammes 
of  water  or  100  centimetres  cube,  at  a  determinate  temperature,  may  precipitate 
exactly  one  g»amme  of  silver.  The  solution  may  be  kept  at  a  constant  temperature, 
and  in  this  case  the  assay  stands  in  no  want  of  correction  ;  or  if  its  temperature  be 
variable,  the  assay  must  be  corrected  according  to  its  influence.  These  two  circum- 
stances make  no  change  in  the  principle  of  the  process,  but  they  are  sufficiently 
important  to  occasion  some  modifications  in  the  apparatus.  Experience  has  decided 
the  preference  in  favour  of  applying  a  correction  to  a  variable  temperature 

We  readily  obtain  a  volume  of  100  cubic  centimetres  by  means  of  a  pipette  fig.  142, 
so  gauged,  th^at  when  filled  with  water  up  to  the  mark  a,  b.  and  well  dried  at  its  point, 
it  wil  fun  out,  at  a  continuous  efflux,  100  grammes  of  water  at  the  temperatut^  of  15°C 
590  F  7  We  say  purposely  at  one  efflux,  because  after  the  cessation  of  the  jet,  the 
pipette  Ly  still  furnish  two  or  three  drops  of  liquid,  which  must  not      eo'^^t'^d  ° 
reckoned  upon.    The  weight  of  the  volume  of  the  normal  solution,  taken  in  this 
_  wiTsuitable  precfutions,  will  be  uniform  from  one  extrc-e  to  ano^^^^^^^ 
two  centimetres  and  a  half,  at  most,  or  to  a  quarter  of  a  thousandth,  f  ^^  J^l'''^^^ 
from  the  mean  will  be  obviously  twice  less,  or  one  half.    Let  ns  indicate  the  most 
simple  manner  of  taking  a  measure  of  the  normal  solution  of  sea  salt^ 

After  having  immersed  the  beak,  c,  of  the  pipette  in  the  J' ^^^Pf  ^  ^^^r 
by  the  mouth, to  the  upper  orifice,  and  thereby  raise  the  liquid  o  d,  above  » c^;^»'»^ 
line  a  b.    We  next  apply  neatly  the  forefinger  of  one  "'^^'V^^rbe  ng 

pipette  from  the  liquid,  and  seize  it  as  represented  ,nfg  143.  ^  ^e  mar^^^  «  »  f  e  g 
placed  at  the  level  of  the  eye,  we  make  the  surface  of  the  solution  become  exactly 


ASSAY. 


221 


145 


144 


142 


taneent  to  the  plane  a  b.  At  the  instant  it  becomes  a  tangent,  we  leave  the  beak  c,  of 
Sf«e  open  be  taking  away  the  finger  that  had  been  applied  to  it,  and  without 
changing  anything  else  in  the  position  of  the  -  - 
bauds,  we  empty  it  into  the  bottle  which  should 
receive  the  solution,  taking  care  to  remove  it 
whenever  the  efiSux  has  run  out. 

If,  after  filling  the  pipette  by  suction,  anyone 
should  find  a  difficulty  in  applying  the  forefinger 
fast  enough  to  the  upper  orifice,  without  letting 
the  liiiuid  run  down  below  the  mark  a  b,  he 
should  remove  the  pipette  from  the  solution  with 
its  top  still  closed  with  his  tongue,  then  apply  the 
middle  finger  of  one  of  his  hands  to  the  lower 
orifice  ;  after  which  he  may  withdraw  his  tongue, 
and  apply  the  forefinger  of  the  other  hand  to  the 
orifice  previously  wiped.  This  method  of  obtain- 
ing a  measure  of  normal  solution  of  sea  salt  is 
very  simple,  and  requires  no  complex  apparatus  ; 
but  we  shall  indicate  another  manipulation  still 
easier,  and  much  more  exact. 

In  this  new  process  the  pipette  is  filled  from 
the  top  like  a  bottle,  instead  of  being  filled  by 
suction,  and  it  is  moreover  fixed.  Fig.  144  re- 
presents the  apparatus,  d  and  d'  are  two  sockets 
separated  by  a  stopcock,  e.  The  upper  one, 
tapped  interiorly,  receives,  by  means  of  a  cork 
stopper,  L,  the  tube,  t,  which  admits  the  solution  of  ~ 
sea  salt.  The  lower  socket  is  cemented  on  to  the  pipette ;  it  bears  a  small  air- cock,  n', 
and  a  screw  plug,  v,  which  regulates  a  minute  opening  intended  to  let  the  air  enter 
very  slowly  into  the  pipette.  Below  the  stopcock,  b',  a  silver  tube,  N,  of  narrow 
diameter,  soldered  to  the  socket,  leads  the  -solution  into  the  pipette,  by  allowing  the 
air,  which  it  displaces,  to  escape  by  the  stopcock,  r'.  The  screw  plug,  with  the 
milled  head,  v,  replaces  the  ordinary  screw  by  which  the  key  of  the  stopcock  may 
be  made  to  press,  with  more  or  less  force,  upon  its  conical  seat. 

Fig.  145  represents  a  side  view  of  the  apparatus  just  described.  "We  here  remark 
an  air-cock  r,  and  an  opening  ni.  At  the  extremity  Q  of  the  same  figure,  the  conical 
pipe  T  enters  with  friction.  It  is  by  this  pipe  that  the  air  is  sucked  into  the  pipette, 
when  it  is  to  be  filled  from  its  beak. 

The  pipette  is  supported  by  two  horizontal  arms  h  k  {fig.  146)  movable  about  a 
common  axis,  a  a,  and  capable  of  being  drawn  143 
out  or  shortened  by  the  aid  of  two  longitu- 
dinal slits.  They  are  fixed  steadily  by  two 
screw  nuts,  e  e,  and  their  distance  may  be  varied 
by  means  of  round  bits  of  wood  or  cork  inter- 
posed, or  even  by  opposite  screw  nuts,  o  6.  The 
upper  arm  h  is  pierced  with  a  hole,  in  which 
is  fixed,  by  the  pressure  of  a  wooden  screw  t', 
the  socket  of  the  pipette.  The  corresponding 
hole  of  the  lower  arm  is  larger  ;  and  the  beak 
of  the  pipette  is  supported  in  it  by  a  cork  stop- 
per, L.  The  apparatus  is  fixed  by  its  tail-piece 
p,  by  means  of  a  screw  to  the  comer  of  a  wall, 
or  any  other  prop. 

The  manner  of  filling  the  pipette  is  very 
simple.  'We  begin  by  applying  the  fore  finger 
of  the  left  hand  to  the  lower  aperture,  c ;  we  then 
open  the  two  stopcocks  R  and  r'.  Whenever 
the  liquor  approaches  the  neck  of  the/)!pei<e,we 
must  temper  its  influx,  and  when  it  has  arrived 
at  some  millimetres  above  the  marka  6,  we  close 
the  two  stopcocks,  and  remove  our  forefinger. 
AVe  have  now  nothing  more  to  do  than  to 
regulate  the  pipette;  for  which  purpose  the 
liquid  must  touch  the  line  a  b,  and  must  simply 
adhere  externally  to  the  beak  of  the  pipette. 

This  last  circumstance  is  easily  adjusted. 
After  taking  away  the  finger  which  closed  the  aperture  c  of  the  pipette,  we  apply  to 
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this  orifice  a  moist  sponge  ttitfig.  147  to  absorb  the  superfluous  liquor  as  it  drops  out. 

This  sponge  is  culled  the  hand- 
kerchief (mouclioir),  by  M.  Gay- 
Lussac.  The  pipette  is  said  to  he 
•wiped  when  there  is  no  liquor 
adhering  to  its  point  exteriorly. 

For  the  convenience  of  operat- 
ing, the  handkerchief  is  fixed  by 
friction  in  a  tube  of  tin  plate,  ter- 
minated by  a  cup,  open  at  bottom 
to  let  the  droppings  flow  off  into 
the  cistern  c,  to  which  the  tube  is 
soldered.  It  may  be  easily  re- 
moved for  the  purpose  of  washing 
it ;  and,  if  necessary,  a  little  wedge 
of  wood,  o,  can  raise  it  towards 
the  pipette. 

To  complete  the  adjustment  of  the  pipette,  the  liquid  must  be  made  merely  to  descend 
to  the  mark  a,  b.  With  this  view,  and  whilst  the  handkerchief  is  applied  to  the  beak 
of  the  pipette,  the  air  must  be  allowed  to  enter  very  slowly,  by  unscrewing  the  plug  v, 
fig.  144  ;  and  at  the  moment  of  the  contact  the  handkerchief  must  be  removed,  and  the 
bottle  F,  destined  to  receive  the  solution,  must  be  placed  below  the  orifice  of  the  pipette, 
fig.  147.  As  the  motion  must  be  made  rapidly,  and  without  hesitation,  the  bottle  is 
placed  in  a  cylinder  of  tin-plate,  of  a  diameter  of  somewhat  greater,  and  forming  one 
body  with  the  cistern  and  the  handkerchief.  The  whole  of  this  apparatus  has  for  a  basis 
a  plate  of  tinned  iron,  movable  between  the  wooden  rulers  b  r,  one  of  which  bears  a 
groove,  under  which  the  edge  of  the  plate  slips.  Its  traverses  are  fixed  by  two  abut- 
ments, b  b,  placed  so  that  when  it  is  stopped  by  one  of  them,  the  beak  of  the  pipette, 
corresponds  to  the  centre  of  the  neck  of  the  bottle,  or  is  a  tangent  to  the  handkerchief. 
This  arrangement,  very  convenient  for  wiping  the  pipette  and  emptying  it,  gives  the 
apparatus  sufiicient  solidity,  and  allows  of  its  being  taken  away,  and  replaced  without 
deranging  anything.  It  is  obvious  that  it  is  of  advantage,  when  once  the  entry  of  the 
air  into  the  pipette  has  been  regulated  by  the  screw  v,  to  leave  it  constantly  open  be- 
cause the  motion  from  the  handkerchief  to  the  bottle  is  performed  with  suificient 
rapidity  to  prevent  a  drop  of  the  solution  from  collecting  and  falling  down. 

Temperature  of  the  Solution. — After  having  described  the  manner  of  measuring  by 
volume  the  normal  solution  of  the  sea  salt,  we  shall  indicate  the  most  convenient  means 
of  taking  the  temperature.  The  thermometer  is  placed  in  a  tube  of  glass,  i^tfig.  148, 
which  the  solution  traverses  to  arrive  at  the  pipette.  It  is  suspended  in  it  by  a  piece  of 
cork,  grooved  on  the  four  sides  to  afi"ord  passage  to  the  liquid.  The  scale  is  engraved 
upon  the  tube  itself,  and  is  repeated  at  the  opposite  side,  to  fix  the  eye  by  the  coinci- 
dence of  this  double  division  at  the  level  of  the  thermometric  column.  The  tube  is 
joined  below  to  another  narrower  one,  through  which  it  is  attached  by  means  of  a  cork 
stopper  B,  in  the.socket  of  the  stopcock  of  the  pipette.  At  its  upper  part  it  is  cemented 
into  a  brass  socket,  screw-tapped  in  the  inside,  which  is  connected  in  its  turn  by  a 
cock,  with  the  extremity,  also  tapped,  of  the  tube  above  t,  belonging  to  the  reservoir 
of  the  normal  solution.  The  corks  employed  here  as  connecting  links  between  the 
parts  of  the  apparatus,  give  them  a  certain  flexibility,  and  allow  of  their  being  dis- 
mounted and  remounted  in  a  very  short  time  ;  but  it  is  indispensable  to  make  them  be 
traversed  by  a  hollow  tube  of  glass  or  metal,  which  will  hinder  them  from  being 
crushed  by  the  pressure  they  are  exposed  to.  If  the  precaution  be  taken  to  grease 
them  with  a  little  suet  and  to  fill  their  pores,  they  will  sufi'er  no  leakage. 

Preservation  of  the  Normal  Solution  of  Sea  Salt  hi  metallic  Vessels.— M.  Gay-Lussac 
uses  for  this  purpose  a  cylindrical  vessel  or  drum  of  copper,  of  a  capacity  of  about  110 
litres,  having  its  inside  covered  with  a  resin  and  wax  cement. 

Preparation  of  the  Normal  Solution  of  Sea  Salt,  measuring  it  hj  Volume.  —  If  the 
drum  contains  110  litres,  we  should  only  put  10.5  into  it,  in  order  that  sufficient  space 
mav  be  left  for  agitating  the  liquor  without  throwing  it  out.  According  to  the  prin- 
cinle  that  100  centimetres  cube,  or  ii^th  of  a  litre  of  the  solution  should  contain  enough 
of  sea  salt  to  precipitate  a  gramme  of  pure  silver  ;  and,  admitting  moreover,  13-5 16 
for  the  equ  valent  of  silver,%nd  7-335  for  that  of  sea  salt,  we  shall  find  the  quantity 
of  pure  salt  that  should  be  dissolved  in  the  105  litres  of  water,  and  which  corre- 
sponds to  105  X  10  =  1050  grammes  of  silver,  to  be  by  the  following  proportion  .— 


13-516  :  7-335  "  1050  gramm.  :  x  =  5G9-83  gr. 


And  as  the  solution  of  the  sea  salt  of  commerce  formerly  cont^a.ns 
proximatively  250  grammes  per  kilogramme,  we  must  make  2279-3  grammes  of  this 
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solution  to  have  569 '83  gram,  of  salt.  The  mixture  being  perfectly  made,  the  tubes 
and  the  pipette  must  be  several  times  washed  by  running  the  solution  through  them, 
and  putting  it  into  the  drum.  The  standard  of  the  solution  must  be  determined  after 
it  has  been  well  agitated,  supposing  the  temperature  to  remain  uniform. 

To  arrive  more  conveniently  at  this  result,  we  begin  by  preparing  two  decimes 
solutions  ;  one  of  silver,  and  another  of  sea  salt. 

The  decime  solution  of  silver  is  obtained  by  dissolving  1  gramme  of  silver  in  nitric 
acid,  and  diluting  the  solution  with  water  till  its  volume  becomes  a  litre. 

The  decime  solution  of  sea  salt  may  be  obtained  by  dissolving  0-543  grammes  of 
pure  sea  salt  in  water,  so  that  the  solution  shall  occupy  a  litre  ;  but  we  shall  prepare 
it  even  with  the  normal  solution  which  we  wish  to  test,  by  mixing  a  measure  of  it 
with  9  measures  of  water ;  it  being  understood  that  this  solution  is  not  rigorously 
equivalent  to  that  of  silver,  and  that  it  will  become  so  only  when  the  normal 
solution  employed  for  its  preparation  shall  be  finally  of  the  true  standard.  Lastly, 
we  prepare  beforehand  several  stoppered  phials,  in  each  of  which  we  dissolve  1 
gramme  of  silver  in  8  or  10  grammes  of  nitric  acid.  For  brevity's  sake,  we  shall 
call  these  "  tests." 

Now  to  investigate  the  standard  of  the  normal  solution,  we  must  transfer  a  pipette  of 
it  into  one  of  these  test  phials ;  and  we  must  agitate  the  liquors  briskly  to  clarify 
them.  After  some  instants  of  repose,  we  pour  in  2  thousandths  of  the  decime  solution  of 
sea  salt,  which  we  suppose  will  produce  a  precipitate.  The  normal  liquor  is  conse- 
quently too  feeble;  and  we  should  expect  this,  since  the  salt  employed  was  not 
perfectly  pure.  We  agitate  and  add  2  fresh  thousandths,  which  will  also  produce  a 
precipitate.  We  continue  thus,  by  successive  additions  of  2  thousandths,  till  the  last 
produces  no  precipitation.  Suppose  that  we  have  added  16  thousandths:  the  last 
two  should  not  be  reckoned,  as  they  produced  no  precipitate  ;  the  preceding  two  were 
necessary,  but  only  in  part ;  that  is  to  say,  the  useful  thousandths  added  are  above  12 
and  below  14,  or  otherwise  they  are  on  an  average  equal  to  13. 

Thus,  in  the  condition  of  the  normal  solution,  we  require  1013  parts  of  it  to 
precipitate  one  gramme  of  silver,  while  we  should  require  only  1000.  We  shall  find 
the  quantity  of  concentrated  solution  of  sea  salt  that  we  should  add,  by  noting  that 
the  quantity  of  solution  of  sea  salt,  at  first  employed,  viz.  2279-3  grammes,  pro- 
duced a  standard  of  only  987  thousandths  =  1000—  13  ;  and  by  using  the  following 
proportion:  ° 

987  :  2279-3  ::  13:  X  =  30-02  grammes. 

This  quantity  of  the  strong  solution  of  salt,  mixed  with  the  normal  solution  in  the 
drum,  will  correct  its  standard,  and  we  shall  see  now  by  h'ow  much. 

After  having  washed  the  tubes  and  the  pipette  with  the  new  solution  we  must 
repeat  the  experiment  upon  a  fresh  gramme  of  silver.  We  shall  find,  for  example  in 
proceedmg  only  by  a  thousandth  at  a  time,  that  the  first  causes  a  precipitate,  bu*  not 
the  second.  The  standard  of  the  solution  is  still  too  weak,  and  is  comprised  between 
1000  and  1001  ;  that  is  to  say,  it  may  be  equal  to  1000^,  but  we  must  make  a  closer 
approxmiation. 

We  pour  into  the  test  bottle  2  thousandths  of  the  decime  solution  of  silver  which 
will  destroy  2  thousandths  of  sea  salt,  and  the  operation  will  have  retrograded  by  2 
thousandths;  that  is  to  say,  it  will  be  brought  back  to  the  point  at  which  it  was  first 
ot  all.  If  after  having  cleared  up  the  liquor,  we  add  half  a  thousandth  of  the  decime 
solution,  there  will  necessarily  be  a  precipitate,  as  we  knew  beforehand,  but  a  second 
will  cause  no  turbidity.  The  standard  of  the  normal  liquor  will  be  consequent^v 
comprehended  between  1000  and  lOOOi,  or  equal  to  lOOOJ-  ^-onsequenuy 
re3y?w'liJ''f  ^'th  this  standard,  but  if  we  wish  to  correct  it,  we  may 

9tnQ  ,o       t  quantities  of  solution  of  salt  added,  viz.  2279-3  gr.  +  30-02  er  i 

nl.  J^  g-^'.lia^e  produced  only  999-75  thousandths,  and  that  we  must  add  I  new 
quantity  of  it  correspondmg  to  i  of  a  thousandth.    We  make,  therefore,  the  proportion 

999-75  :  2309-32  ::  0-25  :  X. 

But  since  the  first  term  differs  very  little  from  innn  w»  mo,,  4.  i 

have  .  by  taking  the  of  2309-32,  Ld  shdl'fi^SJ  o  57^  ^.rrlheZfutlty  of 
solution  of  sea  salt  to  be  added  to  the  normal  solution  quantity  of 

It  IS  not  convenient  to  take  exactly  so  small  a  quantity  of  solntinn  nf       o  u  r. 
the  balance,  but  we  shall  succeed  easily  by  the  fXw  L  nroce«^ 

vohime,  will  give  a  dec\g^amte- oflhfpS^^^^^ 

.s  divided  into  twenty  drops,  each  drop,  for  example,  will  pres^ntTLlliXm^s  of 
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the  solution.  "We  should  arrive  at  quantities  smaller  still  by  diluting  the  solution  with 
a  proper  quantity  of  water  ;  but  greater  precision  would  be  entirely  needless. 

The  testing  of  the  normal  liquor  just  described  is,  in  reality,  less  tedious  than  might 
be  supposed.  It  deserves  also  to  be  remarked,  that  liquor  has  been  prepared  for  more 
than  1000  assays;  and  that,  in  preparing  a  fresh  quantity,  we  shall  obtain  directly  its 
true  standard,  or  nearly  so,  if  we  bear  in  mind  the  quantities  of  water  and  solution 
of  salt  which  have  been  employed. 

Correction  of  the  Standard  of  the  Normal  Solution  of  Sea  Salt,  when  the  Temperature 
changes.  —  "We  have  supposed,  in  determining  the  standard  of  the  normal  solution  of 
sea  salt,  that  the  temperature  remained  uniform.  The  assays  made  in  such  circum- 
stances have  no  need  of  correction ;  but  if  the  temperature  should  change,  the  same 
measure  of  the  solution  wUl  not  contain  the  same  quantity  of  sea  salt.  Supposing  that 
we  have  tested  the  solution  of  the  salt  at  the  temperature  of  15°  C. ;  if,  at  the  time  of 
making  the  experiment,  the  temperature  is  18°  C,  for  example,  the  solution  will  be 
too  weak  on  account  of  its  expansion,  and  the  pipette  will  contain  less  of  it  by  weight; 
if,  on  the  contrary,  the  temperature  lias  fallen  to  12°,  the  solution  will  be  thereby 
concentrated,  and  will  prove  too  strong.  It  is  therefore  proper  to  determine  the  cor- 
rection necessary  to  be  made  for  any  variation  of  temperature. 

To  ascertain  this  point,  the  temperature  of  the  solution  of  sea  salt  was  made  suc- 
cessively, to  be  0,  5°,  10°,  15°,  20°,  25°,  and  30°  C;  and  three  pipettes  of  the  solution 
■were  weighed  exactly  at  each  of  these  temperatures.  The  third  of  these  weighings 
gave  the  mean  weight  of  a  pipette.  The  corresponding  weights  of  a  pipette  of  the 
solution  were  afterwards  graphically  interpolated  from  degree  to  degree.  These 
weights  form  the  second  column  of  the  following  Table.  They  enable  us  to  correct 
any  temperature  between  0°  and  30°  C.  (32°  and  86°  F.)  when  the  solution  of  sea  salt 
has  been  prepared  in  the  same  limits. 


Table  of  Correction  for  the  Variations  in  the  Temperature  of  the  Normal  Solution  of 

the  Sea  Salt. 


Temperature. 


Degrees. 

4 

5 

6 

7 

8 

9 
10 
11 
12 
.13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


Weight. 


Gram. 
100,109 
100,113 
100,115 
100,118 
100,120 
100,120 
100,118 
100,116 
100,114 
100,110 
100,106 
100,099 
100  090 
100,078 
100,065 
100,053 
100,039 
100,021 
100,001 
99,983 
99,964 
99,944 
99,924 
99,902 
99,879 
99,858 
99,836 


5° 


10° 


Mill. 
0-0 
0-0 
0-0 
+  0-1 
+  0-1 

4-0-1 

+  0-1 
0-0 
0-0 
0-0 
-0-1 
-0-1 
-0-2 
-0-4 
-0-5 
-0-6 
-0-7 
-0-9 
-1-1 
-1-3 
-1-5 
-1-7 
-1-9 
-2-1 
-2-3 
-2-6 
-2-8 


Mill. 
-01 
-0-1 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
—  0-1 
-0-1 
-0-2 
-0-3 
-0-4 
-0-5 
-0-7 
-0-8 

-ro 

-1-2 
-1-4 
-1-5 
-1-7 
-1-9 
-2-2 
-2-4 
-2-6 
-2-8 


15° 


Mill. 
+  0-1 
+  0-1 
+  0-2 
+  0-2 
+  0-2 
+  0-2 
+  0-2 
+  0-2 
+  0'2 
+  01 
+  0-1 
-0-0 
-0-1 
-0-2 
-0-3 
-0-5 
-0-6 
-0-8 
—  1-0 
-1-2 
-1-4 
-1-6 
-1-8 
-2-0 
-2-2 
-2-4 
-2-6 


20° 


Mill. 
+  0-7 
+  0-7 
+  0-8 
+  0-8 
+  0-8 
+  0-8 
+  0-8 
+  0-8 
+  0-8 
+  0-7 
+  07 
+  0-6 
+  0-5 
+  0-4 
+  0-3 
+  0-1 
0-0 
-0-2 
-0-4 
-0-6 
-0-8 
-1-0 
-1-2 
-1-4 
-1-6 
-1-8 
-2-0 


25° 


Mill. 
+  1-7 
+  1-7 
-t-1-7 
+  1-7 
+  1-8 
+  1-8 
+  1-7 
+  1-7 
+  1-7 
+  1-7 
+  1-6 
+  1-6 
+  1-5 
+  1-3 
+  1-2 
+  1-1 
+  1-0 
+  0-8 
+  0-6 
+  0-4 
+  0-2 
0-0 
-0'2 
-0-4 
-0-7 
-0-9 
-1-1 


I  et  us  suDDOse  for  example,  that  the  solution  has  been  made  standard  at  15°,  and 
thafat  thrCe  of  using  it. 'the  temperature  has  become  18°  We  see  by  the  second 
column  of  the  Table,  that  the  weight  of  a  measure  of  the  «°  °f  iej^ 

and  100-065  at  18°;  the  difference,  0-034  gr.,  is  the  quantity  of  solution  kss  TMucn 
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lias  been  really  taken;  and  of  course  we  must  add  it  to  the  normal  measure,  in  order 
to  make  it  equal  to  one  thousand  tnillieme.i.  If  the  temperature  of  the  solution  had 
fallen  to  10°  the  difference  of  tlie  weight  of  a  measure  from  10°  to  15°  would  be 
0-019  gr.,  which  we  must  on  the  contrary  deduct  from  the  measure,  since  it  had 
been  taken  too  large.  These  diff'erences  of  weight  of  a  measure  of  solution  at  1 5°, 
from  that  of  a  measure  at  any  other  temperature,  form  the  column  15°  of  the  table, 
where  they  are  expressed  in  thousandths;  they  are  inscribed  on  the  same  horizoiitiil 
lines  as  the  temperatures  to  which  each  of  them  relates  with  the  sign  +  pins,  when 
they  must  be  added,  and  with  the  sign  —  minus,  when  they  must  be  subtracted. 
The  columns  5°,  10°,  20°,  25°,  35°,  have  been  calculated  in  the  same  manner  for  the 
cases  in  which  the  normal  solution  may  have  been  graduated  to  each  of  these  tem- 
peratures. Thus,  to  calculate  the  column  10",  the  number  lOO'llS  has  been  taken  in 
the  column  of  weights  for  a  term  of  departure,  and  its  difiference  from  all  the  numbers 
of  the  same  column  has  been  sought. 

Several  expedients  have  been  employed  to  facilitate  and  abridge  the  manipulations. 
In  the  first  place,  the  phials  for  testing  or  assaying  the  specimens  of  silver  should  all 
be  of  the  same  height  and  of  the  same  diameter.  They  should  be  numbered  at  their 
top,  as  well  as  on  their  stoppers,  in  the  order  1,  2,  3,  &c.  They  may  be  ranged  suc- 
cessively in  tens ;  the  stoppers  of  the  same  series  being  placed  on  a  support  in  their 
proper  order.  Each  two  phials  should,  in  their  turn,  be  placed  in  a  japanned  tin  case 
(Jiy.  149)  with  ten  compartments,  duly  numbered.  These  compartments  are  cut  out 
anteriorly  to  about  half  their  height,  to  allow  the  bottoms  of  the  bottles  to  be  seen. 
When  each  phial  has  received  its  portion  of  alloy,  through  a  wide-beaked  funnel, 
there  must  be  poured  into  it  about  10  grammes  of  nitric  acid,  of  specific  gravity  1-28, 
with  a  pipette,  containing  that  quantity ;  it  is  then  exposed  to  the  heat  of  a  water 
bath,  in  order  to  facilitate  the  solution  of  the  alloy.  The  water  bath  is  an  oblong 
vessel  made  of  tin  plate,  intended  to  receive  the  phials.  It  has  a  movable  double 
bottom,  pierced  with  small  holes,  for 

the  purpose  of  preventing  the  phials  150  O^O 

being  broken,  as  it  insulates  them  R   ^ — ^^'Q* 

from  the  bottom,  to  which  the  heat 
is  applied.  The  solution  is  rapid ; 
and,  since  it  emits  nitrous  vapours 
in  abundance,  it  ought  to  be  carried 
on  under  a  chimney. 

The  Agitator. — Fig.  150  gives  a 
sufiiciently  exact  idea  of  it,  and  may 
dispense  with  a  lengthened  descrip- 
tion. It  has  ten  cylindrical  compart- 
ments, numbered  from  1  to  10.  The 
phials,  after  the  solution  of  the  alloy, 
are  arranged  in  it  in  the  order  of 
their  numbers.  The  agitator  is  then 
placed  within  reach  of  the  pipette 
intended  to  measure  out  the  normal 
solution  of  sea  salt,  and  a  pipette  full 
of  this  solution  is  put  into  each  phial. 
Each  is  then  closed  with  its  glass 
stopper,  previously  dipped  in  pure 
water.  They  are  fixed  in  the  cells 
of  the  agitator  by  springs.  The  agi- 
tator is  then  suspended  to  a  spring 
It,  and,  seizing  it  with  both  hands, 
the  operator  gives  an  alternating 
rapid  movement,  which  agitates  the 
solution,  and  makes  it,  in  less  than 
a  minute,  as  limpid  as  water.  This 
movement  is  sometimes  promoted 
by  a  spiral  spring,  b,  fixed  to  the 
agitator  and  the  ground ;  but  this  is 
seldom  made  use  of,  because  it  is 
convenient  to  be  able  to  transport 

the  agitator  from  one  place  to  another.    When  the  affitatinn  k  H^ioi    i  i 
are  released,  and  the  phials  are  placed  in  ord  r ^S^^^ 
cells  destmed  to  receive  them,  and  to  screen  them.  mrnished  with  round 


—    ^„  uu.jiuKi.    vrncn  tne  agitation  is  finislmrl 

are  released,  and  the  phials  are  placed  in  order  upon\  tabL  fuSel' 
cells  destined  to  receive  them,  and  to  screen  them.  lurnisbed 

When  we  place  the  phials  upon  this  table,  we  must  give  them  a  brklr  n;,.  i 
to  collect  the  chloride  of  silver  scattered  round  th'eir'S;  ^^^^^^ 
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stoppers,  and  suspend  them  in  wire  rings,  or  pincers.  We  next  pour  a  thousandth  of 
the  decime  solution  into  each  phial  ;  and  before  this  operation  is  terminated,  there  is 
formed  in  the  first  phials,  when  there  should  be  a  precipitate,  a  nebulous  stratum,  very 
■well  marked,  of  about  a  centimetre  in  thickness. 

At  the  back  of  the  table  there  is  a  black  board  divided  mto  compartments,  num- 
bered from  1  to  10,  upon  each  of  which  we  mark,  with  chalk,  the  thousandths  of  the 
decime  liquor  put  into  the  corresponding  phial.  The  thousandths  of  sea  salt,  which 
indicate  an  augmentation  of  standard,  are  preceded  by  the  sign  + ,  and  the  thousandths 

of  nitrate  of  silver  by  the  sign  —   

When  the  assays  are  finished,  the  liquor  of  each  phial  is  to  be  poured  into  a  large 
vessel  in  which  a  slight  excess  of  sea  salt  is  kept ;  and  when  it  is  full,  the  supernatant 
clear  liquid  must  be  run  off  with  a  siphon. 

The  chloride  of  silver  may  be  reduced  without  any  perceptible  loss.  After  having 
washed  it  well,  we  immerse  pieces  of  zinc  in  it,  and  add  sulphuric  acid  in  sufficient 
quantity  to  keep  up  a  feeble  disengagement  of  hydrogen  gas.  The  mass  must  not 
be  touched.  In  a  few  days  the  silver  is  completely  reduced.  This  is  easily  recognised 
by  the  colour  and  nature  of  the  product;  or  by  treating  a  small  quantity  of  it  with 
water  of  ammonia,  we  shall  see  whether  there  be  any  chloride  unreduced  ;  for  it  will 
be  dissolved  by  the  ammonia,  and  will  again  appear  upon  saturating  the  ammonia 
with  an  acid.  The  chlorine  remains  associated  with  the  zinc  in  a  state  of  solution. 
The  first  washings  of  the  reduced  silver  must  be  made  with  an  acidulous  water,  to 
dissolve  the  oxides  which  may  have  been  formed,  and  the  other  washings  with  com- 
mon water.  After  decanting  the  water  of  the  last  washing,  we  dry  the  mass,  and  add 
to  it  a  little  powdered  borax.  It  must  now  be  fused.  The  silver  being  m  a  bulky 
powder  is  to  be  put  in  successive  portions  into  a  crucible  as  it  sinks  down.  Ibe  heat 
should  be  at  first  moderate ;  but  towards  the  end  of  the  operation,  it  must  be  pretty 
strong,  to  bring  into  complete  fusion  the  silver  and  the  scoria;,  and  to  effect  their 
complete  separation.  In  case  it  should  be  supposed  that  the  whole  of  the  silver  had 
not  been  reduced  by  the  zinc,  a  little  carbonate  of  potash  should  be  added  to  the  borax 
The  silver  may  also  be  reduced  by  exposing  the  chloride  to  a  strong  heat,  m  contact 

■with  chalk  and  charcoal.  ,        t.       „  *i,„j  „„„„ 

The  following  remarks  by  M.  Gay-Lussac,  the  author  of  the  above  method,  upon 
the  effect  of  a  little  mercury  in  the  humid  assay,  are  important :  —  _ 

It  is  well  known  that  chloride  of  silver  blackens  the  more  readily  when  it  is  exposed 
to  an  intense  light,  and  that  even  in  the  diffused  light  of  a  room  it  becomes  soon 
sensibly  colourfd.  If  it  contains  four  to  five  thousandths  of  mercury,  i  does  not 
blacken  ;  it  remains  of  a  dead  white  :  with  three  thousandths  of  mercury,  there  is  no 
mai-ked  discolouring  in  diffused  light;  with  two  thousandths  it  is  slight ;  wnh  one  it 
k  much  more  marked,  but  still  it  is  much  less  intense  than  with  pure  chloride  \\  ith 
ha"f  a  thousandth  of  mercury  the  difference  of  colour  is  not  remarkable,  and  is  per- 
ceived  onlv  in  a  very  moderate  light.  .  ,  v    j  »   »  j  v„  t-u^ 

Bat  when  the  quijtit;  of  mereuiT  is  so  small  that  it  ca«not  be  detected  by  the 
dilerLee  of  oob^JintbLhloride  otlil.er,  it  loay  be  rendered  ,«,t.  evtdea 

s  mp  e  prooes.  of  eoocentr.lion.    Dis.ol™  one  8rama,e  of  the  »  ™J  'Wf  ^  '»  ™; 
t^ini  of  a  thousandth  of  nerear,,  and  let  only  i  of  .1  be  f"'f^"''}y'f^"'l,?Z 
the  eommon  salt  necessary  to  precip  tatc  it  entirely.    In  thus  operating,  (he  y  thou- 
andtZ?Sir»  y  is"rce«r.ted  In  a  quantity 

it  is  SifSe  silver  haying  been  entirely  precipitated,  fo.r  times  as  mtich  merenry, 

prc%£jLu,dbl,itl,„sp»^ 
ri°.rn|tnot;nLe*!Sry&^^^^^ 
Jn^rorin-o'Se'in'^triaSes^f^^^ 


"Th^.^  r^ii'rcS'ns  retTi""'"'»»      0"  -i-*-"'-"^-  - 

^tl^SSnS-gl'lSCprJnfrsni.ilcr™^^^^^^^^^^^ 
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mercury,  therefore,  failed.  It  is  to  be  observed,  that  mercury  is  the  only  metal  which 
has  thus  the  power  of  disturbing  analysis  by  the  humid  way. 

The  error  caused  by  the  presence  of  mercury  may  be  avoided  by  the  addition  of  a 
small  quantity  of  acetate  of  soda  to  the  solution  of  the  silver  in  nitric  acid,  previous 
to  addition  of  the  chloride  of  sodium,  as  this  salt  prevent.s  the  precipitation  of  the 
mercury. — Levol,  Gay-Lussac. 

The  process  employed  in  assaying  gold  bullion,  by  the  present  assayers  to  the  Mint 
and  Bank  of  England,  is  similar  to  that  practised  at  the  Paris  Mint.  The  quantity 
operated  on  is  half  a  gramme.  This  quantity,  having  been  accurately  weighed,  is 
wrapped  in  paper  with  a  portion  of  pure  silver,  about  equal  to  three  times  that  of  the 
gold  the  alloy  is  supposed  to  contain,  and  submitted  to  cupellation  with  lead  in  the 
manner  above  described.  The  button  is  then  hammered  into  a  flattened  dish,  about 
the  size  of  a  sixpence,  and  afterwards  annealed  and  passed  through  laminating  rolls 
until  it  is  reduced  to  a  riband  from  2|  to  3  inches  in  length  ;  after  which  it  is  again 
annealed,  and  coiled  into  a  spiral  by  rolling  between  the  finger  and  thumb,  'i'he 
cornet  is  next  placed  in  a  small  flask  containing  about  an  ounce  of  pure  nitric  acid  of 
22  B.  (=  1-J80  specific  gravity),  and  boiled  for  10  minutes.  The  acid  is  carefully 
poured  o£F,  and  the  cornet  again  boiled  with  nitric  acid  of  32  B.  (1-280  specific  gravity) 
for  20  minutes;  and  this  second  boiling  with  the  stronger  acid  is  repeated  and 
continued  about  10  minutes.  In  the  second  and  third  boilings  a  small  piece  of  charcoal 
should  be  introduced  into  the  flask,  as  recommended  by  Gay-Lussac,  in  order  to  pre- 
vent the  ebullition  taking  place  irregularly  and  with  sudden  bursts,  which  would  be 
liable  to  break  the  cornet,  and  eject  a  portion  of  the  liquid  from  the  flask.  The 
cornet  is  then  washed  and  annealed  as  above.  The  return  is  made  to  the  Mint  in 
decimals  or  thousandths,  and  the  assayer's  weights  are  so  subdivided  as  to  give  him 
the  value  in  thousandths  of  the  original  ^  gramme  taken. 

To  the  Bank  the  return  is  made  to  the  Jth  of  a  carat  grain  better  or  worse  than 
standard.  The  late  Master  of.  the  Mint  caused  Tables  to  be  prepared  for  the  con- 
version of  the  reports  of  assays  expressed  in  carats  into  decimals,  and  conversely, 
which  are  in  general  use  for  this  purpose.  In  order  to  ascertain  the  amount  of  error 
due  to  the  surcharge,  a  number  of  proofs  are  passed  through  the  process  simul- 
taneously with  the  alloys.  These  proofs  consist  of  weighed  portions  of  absolutely 
pure  gold,  to  which  are  added  a  proportion  of  copper  equal  to  that  estimated  to  exist 
in  the  alloy  to  be  assayed.  The  excess  of  weight  in  these  proofs  gives  the  amount 
to  be  deducted.    It  generally  varies  from  0-2  to  0-5  parts  in  1000. 

The  last  traces  of  silver  may  be  removed  from  the  cornet  by  treating  it  before  the 
final  annealing  with  fusing  bisulphate  of  potash  in  a  porcelain  crucible.  When  suf- 
ficiently cool,  the  whole  is  heated  with  hot  water  containing  a  little  sulphuric  acid, 
and  the  cornet  dried  and  ignited.  By  this  means  gold  may  be  obtained  of  almost 
absolute  purity,  or  |ga^,  as  it  is  termed. 

The  following  examples  will  show  the  dijeference  in  the  results,  and  the  degree  of 
accuracy  attainable,  by  the  various  methods  described. 

Ten  grains  of  pure  gold,  alloyed  with  three  times  its  weight  of  silver,  cupelled  and 
boiled  with  acid  at  22°  B.,  and  32°  B.,  once  weighed  10-016. 

Ten  grains  of  a  half-sovereign,  with  silver,  &c.,  and  acid  at  22°,  and  twice  at  32°  B., 

gave  915-4 

T.     •  again,  915-6 

With  acid,  as  before,  and  bisulphate  of  potash,  915-2 

again,  915  2 

1.,^'"'%^"*^  alloyed  with  copper,  to  bring  it  to  standard,  cupelled  with  silver  and 
kad  and  treated  with  acids  and  bisulphate,  gave  in  one  case  precisely  the  same  as 
was  taken  originally,  or  \^%  and  in  another  999-98. 

ppH=  c^'^^u^t  of  gold  bullion,  it  is  of  course  absolutely  necessary  that  the 

ac.ds  should  be  pure,  and  that  the  silver  used  should  be  most  carefully  freed  from  the 
traces  of  gold  which  It  usually  contains.  ^  iium  me 

taJr hnfhf  n  f''"'''?-     ""^^^  -"^'"l       generally  used  for  cupellation,  much  advan- 
tage has  been  found  in  employing  the  best  anthracite:  reducecl  to  the  proper  size  it 
contains  very  little  ash,  ,s  free  from  slag  or  clinker,  and  allows  the  heat  to  be  main 
re1ol~?rV^""^^'^^'-  -^-h  is  a  matter  o/ grfat'imTon: 

1^- S^^^^ 

mannischen  Probicrkunst,"  Clausthal   IRI';-  r-m,!  ■  „ri,  L         ',  '"g.zuf  Berg- und  Hutlen- 

Handbook  voor  Es.a,jeurs'Goucrund''iu:'elkeil™'"'b7Xn!'g^  "  ScheikuX 
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proportional,  like  the  assayer's  weights ;  and  the  pure  gold  is  called  fine.  Thus,  if 
gold  be  said  to  be  23  carats  fine,  it  is  to  be  understood  that,  in  a  mass  -weighing  24 
carats,  the  quantity  of  pure  gold  amounts  to  23  carats. 

In  such  small  work  as  cannot  be  assayed  by  scraping  off  a  portion  and  cupelling  it, 
the  assayer  endeavours  to  ascertain  its  fineness  or  quality  by  the  touch.  This  is  a 
method  of  comparing  the  colour  and  other  properties  of  a  minute  portion  of  tlie 
metal  with  those  of  small  bars,  the  composition  of  which  is  known.  These  bars 
are  called  touch-needles,  and  are  rubbed  upon  a  smooth  piece  of  black  basalt  or 
pottery,  which,  for  this  reason,  is  called  the  touchstone.  Black  flint  slate  M'iU  serve 
the  same  purpose.  Sets  of  gold  needles  may  consist  of  pure  gold  ;  of  gold,  23  i 
carats  with  ^  carat  of  silver  ;  23  carats  of  gold  with  one  carat  of  silver  ;  22J  carats  of 
gold  with  1^  carat  of  silver ;  and  so  on,  till  the  silver  amounts  to  four  carats;  after 
which  the  additions  may  proceed  by  whole  carats.  Other  needles  may  be  made  in  the 
same  manner,  with  copper  instead  of  silver  ;  and  other  sets  may  have  the  addition, 
consisting  either  of  equal  parts  of  silver  and  copper,  or  of  such  proportions  as  the 
occasions  of  business  require.  The  examination  by  the  touch  may  be  advantageously 
employed  previous  to  quartation,  to  indicate  the  quantity  of  silver  necessary  to  be 
added. 

In  foreign  countries,  where  trinkets  and  small  work  are  required  to  be  submitted  to 
the  assay  of  the  touch,  a  variety  of  needles  is  necessary,  but  they  are  not  much  used 
in  England.  They  aiford,  however,  a  degree  of  information  which  is  more  considerable 
than  might  at  first  be  expected.  The  attentive  assayer  compares  not  only  the  colour  of 
the  stroke  made  upon  the  touchstone  by  the  metal  under  examination  with  that  pro- 
duced by  his  needle,  but  will  likewise  attend  to  the  sensation  of  roughness,  dryness, 
smoothness,  or  greasiness,  which  the  texture  of  the  rubbed  metal  excites  when 
abraded  by  the  stone.  When  two  strokes  perfectly  alike  in  colour  are  made  upon  the 
stone,  he  may  then  wet  them  with  aquafortis,  which  will  affect  them  very  differently 
if  they  be  not  of  similar  compositions;  or  the  stone  itself  may  be  made  red-hot  by  the 
fire,  or  by  the  blowpipe,  if  thin  black  pottery  be  used ;  in  which  case  the  phenomena 
of  oxidation  will  differ  according  to  the  nature  and  quantity  of  the  alloy.  Six  prin- 
cipal circumstances  appear  to  affect  the  operation  of  parting;  namely,  the  quantity  of 
acid  used  in  parting,  or  in  the  first  boiling ;  the  concentration  of  this  acid ;  the  time 
employed  in  its  application ;  the  quantity  of  acid  made  use  of  in  the  reprise,  or  second 
operation  ;  its  concentration ;  and  the  time  during  which  it  is  applied.  From  experi- 
ment, it  has  been  shown  that  each  of  these  unfavourable  circumstances  might  easily 
occasion  a  loss  of  from  the  half  of  a  thirty-second  part  of  a  carat,  to  two  thirty-second 
parts.  The  assayers  explain  their  technical  language  by  observing  that,  in  the  whole 
mass  consisting  of  twenty-four  carats,  this  thirty-second  part  denotes  l-768th  part  of 
the  mass.  It  may  easily  be  conceived,  therefore,  that  if  the  whole  six  circumstances 
were  to  exist,  and  be  each  productive  of  errors  faUing  the  same  way,  the  loss  would 
be  very  considerable.  ,    ,j  -u  r  n  j 

It  is  therefore  indispensably  necessary  that  one  uniform  process  should  be  loUowed 
in  the  assays  of  gold;  and  it  is  a.matter  of  astonishment  that  such  an  accurate  process 
should  not  have  been  prescribed  by  Government  for  assayers,  in  an  operation  of  such 
great  commercial  importance,  instead  of  everyone  being  left  to  follow  his  own 
iudffment  The  process  recommended  in  the  old  French  official  report  is  as  follows  : 
Twelve  grains  of  the  gold  intended  to  be  assayed  must  be  mixed  with  thirty  grains  of 
fine  silver,  and  cupelled  with  108  grains  of  lead.  The  cupellation  must  be  carefully 
attended  to  and  all  the  imperfect  buttons  rejected.  When  the  cupellation  is  ended,  the 
button  must  be  reduced,  by  lamination,  into  a  plate  of  Ij  inches,  or  rather  more,  in 
length,  and  four  or  five  lines  in  breadth.  This  must  be  rolled  up  upon  a  qu>ll,  and 
placed  in  a  matrass  capable  of  holding  about  three  ounces  of  liquid,  when  filled  up  to 
its  narrow  part.  Two  ounces  and  a  half  of  very  pure  aquafortis,  of  the  strength  of  20 
degrees  of  Baume's  areometer,  must  then  be  poured  upon  it;  and  the  matrass  bemg 
placed  upon  hot  ashes,  or  sand,  the  acid  must  be  kept  gently  boiling  for  a  quarter  of  an 
hour  the  acid  must  then  be  cautiously  decanted,  and  an  additional  quantity  of  1> 
oiinces  mus'  be  poured  upon  the  metal,  and  slightly  boiled  for  twelve  minutes.  This 
being  likewise  carefully  decanted,  the  small  spiral  pieces  °f '"•^^'^l Jf/JJ^*-^^  ^ 
filtered  river  water,  or  distilled  water,  by  filling  the  matrass  with  this  Au'd.  The 
v-essel  is  then  to  be 'reversed,  by  applying  the  ^'^^-'"■^y  of  its  neck  against  thc^^^^^^ 
of  a  6pucible  of  fine  earth,  the  internal  surface  of  which  ,s  very  smooth.  Ihe  an 
neaUng  must  now  be  made,  after  having  separated  the  portion  of  -j^j.^/l^-^^'^^^^J 
fallen  into  the  crucible;  and  lastly,  the  annealed  gold  '""^t  be  weighed  For  t,,e 
certainty  of  this  operation,  two  assays  must  be  made  in  'l^*^  .^^-^f^— J' 
with  a  third  assay  upon  gold  of  twenty-four  carats,  or  upon  gold  the  fineness  of  hich 

?rr:?nJu:Sn*^rsr?e^trn\om  this  assay,  unless  thelatter  gold  should  prove  to 
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be  of  the  fineness  of  twenty-four  carats  exactly,  or  of  its  known  degree  of  fineness  ;  for, 
if  there  be  either  loss  or  surplus,  it  may  be  inferred  that  the  other  two  assays,  having 
undergone  the  same  operation,  must  be  subject  to  the  same  error.  The  operation  being 
made  according  to  this  process  by  several  assayers,  in  circumstances  of  importance, 
such  as  those  which  relate  to  large  fabrications,  the  fineness  of  the  gold  must  not  be 
depended  upon,  nor  considered  as  accurately  known,  unless  all  the  assayers  have  ob- 
tained an  uniform  result  without  communication  with  each  other.  This  identity  must 
be  considered  as  referring  to  the  accuracy  of  half  the  thirty-second  part  of  a  carat. 
For,  notwithstanding  every  possible  precaution  or  uniformity,  it  very  seldom  happens 
that  an  absolute  agreement  is  obtained  between  the  different  assays  of  one  and  the 
same  ingot;  because  the  ingot  itself  may  differ  in  its  fineness  in  different  parts  of  its 
mass. 

The  phenomena  of  the  cupellafion  of  gold  are  the  same  as  of  silver,  only  the 
operation  is  less  delicate,  for  no  gold  is  lost  by  evaporation  or  penetration  into  the 
bone-ash, and  therefore  it  bears  safely  the  highest  heat  of  the  assay  furnace.  Thebutton 
of  gold  never  vegetates  or  spits,  and  need  not  therefore  be  drawn  out  to  the  front  of 
the  mufiie,  but  may  be  left  at  the  further  end  till  the  assay  is  complete.  Copper  is 
retained  more  strongly  by  gold  than  it  is  by  silver ;  so  that  with  it  16  parts  of  lead  are 
requisite  to  sweat  out  1  of  copper;  or,  in  general,  twice  as  much  lead  must  be  taken 
for  the  copper  alloys  of  gold  as  for  those  of  silver.  When  the  copper  is  alloyed  with 
very  small  quantities  of  gold,  cupellation  would  afford  very  uncertain  results;  we 
must  then  have  recourse  to  liquid  analysis. 

M.  Vauquelin  recommends  to  boil  60  parts  of  nitric  acid  at  22°  Baume,  on  the  spiral 
slip,  or  cornet  of  gold  and  silver  alloy,  for  twenty-five  minutes,  and  replace  the  liquid 
afterwards  by  acid  of  32",  which  must  be  boiled  on  it  for  eight  minutes.  This  process 
is  free  from  uncertainty,  when  the  assay  is  performed  upon  an  alloy  containing  a  con- 
siderable quantity  of  copper.  But  this  is  not  the  case  in  assaying  finer  gold ;  for  then 
a  little  silver  always  remains  in  the  gold.  The  surcharge  which  occurs  here  is  2  or  3 
thousandths ;  this  is  too  much,  and  it  is  an  intolerable  error  when  it  becomes  greater, 
which  often  happens.  This  evil  may  be  completely  avoided  by  employing  the  fol- 
lowing process  of  M.  Chaudet.  He  takes  0'500  of  the  fine  gold  to  be  assayed  ;  cupels 
it  with  1-500  of  silver  and  I'OOO  of  lead;  forms,  with  the  button  from  the  cupel,  a 
riband  or  strip  three  inches  long,  which  he  rolls  into  a  cornet.  He  puts  this  into  a 
matrass  with  acid  at  22°  B.,  which  he  boils  for  3  or  4  minutes.  He  replaces  this  by 
acid  of  32°  B.,  and  boils  for  ten  minutes;  then  decants  off,  and  boils  again  with  acid 
of  32°,  which  must  be  finally  boiled  for  8  or  10  minutes. 

Gold  thus  treated  is  very  pure.  He  washes  the  cornet,  and  puts  it  entire  into  a  small 
crucible  permeable  to  water;  heats  the  crucible  to  dull  redness  under  themufl[le,  when 
the  gold  assumes  the  metallic  lustre  and  the  cornet  becomes  solid.  It  is  now  taken 
out  of  the  crucible  and  weighed. 

When  the  alloy  contains  platinum,  the  assay  presents  greater  difficulties.  In  general, 
to  separate  with  accuracy  the  platinum  from  the  gold,  we  must  avail  ourselves  of  a  pe- 
culiar property  of  platinum ;  when  alloyed  with  silver,  it  becomes  soluble  in  nitric 
acid.  Therefore,  by  a  proper  quartation  of  the  alloy  by  cupellation,  and  boiling  the 
button  with  nitric  acid,  we  may  get  a  residuum  of  pui'e  gold.  If  we  were  to  treat  the 
button  with  sulphuric  acid,  however,  we  should  dissolve  nothing  but  the  silver.  151 
The  copper  is  easily  removed  by  cupellation.  Hence  supposing  that  we  have  an  n. 
quarternary  compound  of  copper,  silver,  platinum,  and  gold,  we  first  cupel  it, 
and  weigh  the  button  obtained ;  the  loss  denotes  the  copper.  This  button, 
treated  by  sulphuric  acid,  will  suffer  a  loss  of  weight  equal  to  the  amount  of 
silver  present.  The  residuum,  by  quartation  with  silver  and  boiling  with 
nitric  acid,  will  part  with  its  platinum,  and  the  gold  will  remain  pure.  For 
more  detailed  explanations,  see  Platinum.  For  the  analysis  of  ores,  see  \ 
the  individual  metals. — T.  H.  H. 

ASTRAGAL.    An  ornamental  moulding,  generally  used  to  conceal  a 
junction  in  either  wood  or  stone. 

ASTRAGAL  PLANES.    Planes  fitted  with  cutters  for  forming  astragal 
mouldings.    They  are  commonly  known  as  moulding  planes. 

ASTRAGAL  TOOL,  for  turning.  By  using  a  tool  shaped  as  in  fig.  151, 
the  process  of  forming  a  moulding  or  ring  is  greatly  .facilitated,  as  one 
member  of  the  moulding  is  completed  at  one  sweep,  and  we  are  enabled  to 
repeat  it  any  number  of  times  with  exact  uniformity. 

ATMOMETER  (aTiihs,  vapour ;  fierpov,  a  measure).    An  instrument  to  measure 
the  quantity  of  water  evaporated  in  a  given  time  under  ordinary  atmospheric  con 
ditions.    Leslie,  Anderson,  and  others,  have  devised  instruments  for  this  nurnose  • 
but  the  local  circumstances  affect  the  result  so  largely,  that  small  reliance  can  be 
placed  on  the  instrument. 

Q  .3 
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ATOM,  (i,  not;  renuu,  I  cut.)  An  indivisible  particle.  This  dictionary  is  not  the 
place  for  any  close  examination  of  the  questions  connecting  themselves  with  the  con- 
stitution of  matter.  At  the  same  time,  since  many  of  the  articles  which  are  given  on 
manufacturing  chemistry  require,  in  the  explanation  of  the  processes,  some  reference 
to  the  theory  of  atomic  constitution,  it  may  be  advantageous  to  give  briefly  the 
views  entertained  by  our  modern  philosophers. 

With  few  exceptions,  the  views  promulgated  by  Dr.  Dalton  are  received  by  chemists. 
They  may  be  thus  expressed  :  All  elementary  bodies  are  formed  of  individual  atoms, 
the  different  species  of  which  imite,  generally  by  twos,  in  a  small  number  of  groups, 
constituting  compound  atoms  of  the  first  order,  always  mechanically  indivisible,  but 
chemically  divisible,  and,  in  their  turn,  constituting  all  the  other  orders  of  composition 
by  a  series  of  analogous  combinations. 

We  are  not  enabled  by  direct  experiment  to  determine  the  condition  of  any  ultimate 
atom  of  matter ;  but  the  results  furnished  by  chemical  science  clearly  point  to  the 
existence  of  elementary  units,  from  which  all  the  infinite  varieties  of  matter  are 
formed.  Sir  Isaac  Newton  thus  expresses  himself:  —  "  All  things  considered,  it  seems 
probable  that  God,  in  the  beginning,  formed  matter  in  solid,  massy,  hard,  impene- 
trable, movable  particles,  of  such  sizes,  figures,  and  with  such  other  properties,  and 
in  such  proportions  to  space,  as  most  conduced  to  the  end  for  which  He  formed  them  ; 
and  that  these  primitive  particles,  being  solids,  are  incomparably  harder  than  any 
porous  bodies  compounded  of  them ;  even  so  hard  as  never  to  wear  or  break  to 
pieces  ;  no  ordinary  power  being  able  to  divide  what  God  Himself  made  one  in  the 
first  creation.  While  the  particles  continue  entire,  they  may  compose  bodies  of  one 
and  the  same  nature  and  texture  in  all  ages  ;  but  should  they  wear  away,  or  break  in 
pieces,  the  nature  of  things  depending  on  them  would  be  changed.  Water  and  earth 
composed  of  old  worn  particles  would  not  be  of  the  same  nature  and  texture  now 
with  water  and  earth  composed  of  entire  particles  at  the  beginning.  And  therefore, 
that  nature  may  be  lasting,  the  changes  of  corporeal  things  are  to  be  placed  only  in 
various  separations,  and  new  associations,  and  motions  of  tliese  permanent  particles ; 
compound  bodies  being  apt  to  break,  not  in  the  midst  of  solid  particles,  but  where 
those  particles  are  laid  together  and  touch  in  a  few  points."  —  Horsleijs  Newton. 

With  the  metaphysical  theories,  which  would  lead  us  to  regard  all  matter  as  mere 
accumulations  of  force,  it  would  not  be  proper  at  present  to  deal. 

Experimental  philosophy  has  proved  to  us  that  the  conditions  of  matter  are  deter- 
mined by  certain  polar-attractive  forces  ;  and  that  these  are  opposed  or  balanced  by 
heat,  electricity,  and  the  force  which  regulates  chemical  combination.  Consequently 
every  ultimate  atom  of  matter  must  be  regarded  as  the  centre  of  such  a  set  of  physical 
forces  surrounding  it  as  an  atmosphere. 

ATOMIC  THEORY.  The  question  as  to  whether  matter  be  or  be  not  infinitely 
divisible,  has  been  debated  from  the  earliest  times,  and  is  probably  as  far  from  a  settle- 
ment as  ever;  we  can,  however,  scarcely  conceive  of  the  exi.stence  of  matter  at  all,  if 
there  he  no  limit  to  its  divisibility.  It  is  easy  to  demonstrate  that  a  mathematical 
line  is  infinitely  divisible,  but  a  mathematical  line  is  only  an  ideal  thing ;  having  only 
one  dimension,  it  can  have  no  physical  existence.  We  have,  therefore,  no  hesitation  in 
admitting  the  existence  of  atoms  of  matter  —  of  particles  infinitely  small,  it  is  true, 
as  regards  our  perceptions,  far  exceeding  in  minuteness  the  finest  subdivision  to 
which  we  can  submit  a  body,  but  yet  incapable  of  further  suhdivision.  To  such  in- 
sectible  molecules  the  term  atom  has  been  applied. 

If  we  take  any  substance  chemically  complex,  wc  may  suppose  the  existence  of 
atoms  in  this  body,  held  together  by  the  force  of  cohesion,  which  are  themselves 
heterogeneous,  being  made  up,  in  fact,  of  atoms  of  the  elementary  chemical  con- 
stituents. ,  „ 

Dr.  Dalton  suggested  the  happy  idea,  which  has  been  most  fruitful  m  its  results,  of 
accounting  for  the  constancy  of  chemical  combinations  by  assuming  that  they  were 
composed  of  one  or  more  atoms  of  the  several  elements,  the  weight  of  which  atoms  is 
represented  by  the  combining  proportions ;  that  carbonic  oxide,  for  instance,  contains 
single  atoms  of  carbon  and  oxygen,  whilst  carbonic  acid  is  composed  of  one  atom  of 
carbon  and  two  of  oxygen.  . 

It  must  always  be  remembered  that  the  combining  proportions  are  purely  the 
results  of  experiment,  and,  therefore,  incontestable,  whatever  may  be  the  fate  of  this 
theory,  which,  however,  has  now  stood  its  ground  for  many  years,  and  done  excellent 

service  to  science.  ,  ,     .  , 

This  theory  offers  a  most  satisfactory  explanation  of  the  different  laws  of  chemical 

combination.  ,  •  ,      r  i 

The  fact  of  bodies  uniting  only  in  certain  proportions,  or  multiples  of  those  pro- 
portions, is  a  necessary  consequence  of  the  assumption  that  the  weight  ot  the 
elementary  atoms  is  represented  by  the  combining  proportions ;  for,  if  they  united  in 
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any  otlier  ratio,  it  would  involve  the  splltling  up  of  these  atoms,  which  are  assumed 

to  be  indivisible.  ,        11.^1.  1.^1 

And,  of  course,  the  combining  proportion  of  a  compound  must  be  the  sum  of  the 
combining  proportions  of  the  constituents,  since  it  contams  withm  itself  one  or  more 
atoms  of  the  several  constituents.  . 

The  term  atom  is,  therefore,  very  often  used  instead  of  combramg  proportion  or 
equivalent,  a  body  being  said  to  contain  so  many  atoms  of  its  elements. 

All  that  is  assumed  in  this  theory  is,  that  the  atoms  are  of  constant  value  by  weight; 
the  same  atoms  may  be  arranged  in  a  different  -way,  and  hence,  although  any  par- 
ticular compound  contains  always  the  same  elements  in  the  atomic  ratios,  yet  the  same 
atoms  may,  by  difference  in  arrangement,  give  rise  to  bodies  agreeing  in  composition 
by  weight,  but  differing  essentially  in  properties.    See  Isomerism. 

M.  Dumas  has  suggested  the  subdivision  of  the  combining  numbers  of  certain 
elements,  but  this  idea  is  quite  subversive  of  the  atomic  theory,  as  it  is  at  present 
understood. 

The  atomic  theory  is  further  confirmed  by  the  observation,  that  if  the  specific  heat 
of  the  elements  be  compared,  it  is  found  that  in  a  large  number  of  cases  the  specific 
heat  of  quantities  of  the  bodies  represented  by  the  atomic  weights  coincides  with  each 
other  in  a  remarkable  manner. 

The  Atomic  Theory  of  Dalton  is  thus  set  forth  by  the  author : — 

"  When  anybody  exists  in  the  elastic  state,  its  ultimate  particles  are  separated  from 
each  other  to  a  much  greater  distance  than  in  any  other  state  ;  each  particle  occupies 
the  centre  of  a  comparatively  large  sphere,  and  supports  its  dignity  by  keeping  all 
the  rest — which,  by  their  gravity,  or  otherwise,  are  disposed  to  encroach  on  it — at  a 
respectful  distance.  When  we  attempt  to  conceive  the  number  of  particles  in  an 
atmosphere,  it  is  somewhat  like  attempting  to  conceive  the  number  of  stars  in  the 
universe — we  are  confounded  with  the  thought.  But  if  we  limit  the  subject,  by  taking 
a  given  volume  of  any  gas,  we  seem  persuaded  that,  be  the  divisions  ever  so  minute, 
the  number  of  particles  must  be  finite  ;  just  as  in  a  given  space  of  the  universe,  the 
number  of  stars  and  planets  cannot  be  infinite. 

"  Chemical  analysis  and  synthesis  go  no  further  than  to  the  separation  of  particles 
one  from  another,  and  to  their  reunion.  No  new  creation  or  destruction  of  matter  is 
within  the  reach  of  chemical  agency.  We  might  as  well  attempt  to  introduce  a  new 
planet  into  the  solar  system,  or  to  annihilate  one  already  in  existence,  as  to  create  or 
destroy  a  particle  of  hydrogen.  All  the  changes  we  can  produce  consist  in  separating 
particles  that  are  in  a  state  of  cohesion  or  combination,  and  joining  those  that  were 
previously  at  a  distance. 

"  In  all  chemical  investigations  it  has  justly  been  considered  an  important  object  to 
ascertain  the  relative  weights  of  the  simples  which  constitute  a  compound.  But,  un- 
fortunately, the  inquiry  has  terminated  there  ;  whereas,  from  the  relative  weights  in 
the  mass,  the  relative  weights  of  the  ultimate  particles  or  atoms  of  the  bodies  might 
have  been  inferred,  from  which  their  number  and  weights  in  various  other  compounds 
would  appear,  in  order  to  assist  and  to  guide  future  investigations,  and  to  correct 
their  results.  Now  it  is  one  great  object  of  this  work  ('  A  new  System  of  Chemical 
Philosophy ')  to  show  the  importance  and  advantage  of  ascertaining  the  relative  v.-eights 
of  the  ultimate  particles,  both  of  simple  and  compound  bodies,  the  number  of  simple  ele- 
mentary particles  which  constitute  one  compound  particle,  and  the  number  of  less  com- 
pound particles  which  enter  into  the  formation  of  each  more  compound  particle. 

"If  there  are  two  bodies,  A  and  b,  which  are  disposed  to  combine,  the  following  is 
the  order  in  which  combination  may  take  place,  beginning  -with  the  most  simple 
namely :  ' 
1  atom  of  A  +  1  atom  of  B  =  1  atom  of  C,  binary. 

1  atom  of  A  +  2  atoms  of  B  =  1  atom  of  D,  ternary. 

2  atoms  of  A  +  1  atom  of  B  =  1  atom  of  E,  ternary. 

1  atom  of  A  +  3  atoms  of  B  =  1  atom  of  F  quaternary. 

3  atoms  of  A  +  1  atom  of  B  =  1  atom  of  G  quaternary. 

&c.  &c. 

"  The  following  general  rules  may  be  adopted  as  guides  in  all  our  investigations 
respecting  chemical  synthesis  :  — 

"  1.  When  only  one  combination  of  two  bodies  can  be  obtained,  it  must  be  pre- 
sumed to  be  a  binary  one,  unless  some  cause  appears  to  the  contrary 
ter'nary^^^°  '''^  combinations  are  observed,  they  must  be  presumed  to  be  binary  or 

combinations  are  obtained,  we  may  expect  one  to  be  binary  and 
the  other  two  ternary. 

and  t  eTul'?et"arr''"'*'°"'  ''^""'^  ^^P^*^'      ^^"^'•y-  ternary, 

Q  4 
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5.  A  binary  compound  should  always  be  specifically  heavier  than  the  mere 
mixture  of  its  two  ingredients. 

"6.  A  ternary  compound  should  be  specifically  heavier  than  the  mixture  of  a 
binary  and  a  simple,  which  would,  if  combined,  constitute  it,  &c. 

"  7.  The  above  rules  and  observations  equally  apply  when  two  bodies,  such  as  c  and 
D,  D  and  E,  &c.,  are  combined."* 

For  a  fuU  examination  of  this  subject,  consult  "  An  Introduction  to  the  Atomic 
Theory,"  by  Charles  Daubeny,  M.D. ;  and  "  Memoirs  of  John  Dalton  and  History 
of  the  Atomic  Theory,"  by  Robert  Angus  Smith,  Ph.  D. 

The  following  exemplification  of  the  use  of  this  theory  is  given  by  the  former  of 
those  authors  :  — 

"  Let  us  suppose  that  we  have  obtained  from  a  given  quantity  of  the  substance  under 
examination  100  grains  of  a  salt  consisting  of  sulphuric  acid,  with  unknown  propor- 
tions of  soda  and  potass,  but  with  no  other  ingredient.  Let  us  set  down  the  quantity 
of  acid  at  ."jO  grains,  from  which  it  will  follow  that  the  weight  of  the  two  bases 
will  together  make  up  the  remaining  moiety.  Now  had  the  whole  of  this  latter 
consisted  of  soda,  the  quantity  of  acid  should  have  been  only  forty  grains,  because  the 
atomic  weight  of  sulphuric  acid  is  40,  whilst  that  of  soda  is  32,  and 

as  40  :  32  ::  50  :  40 

On  the  contrary,  if  the  whole  had  been  potass,  then  as  the  atomic  weight  of  this 
latter  is  48,  the  amount  required  to  neutralise  the  acid  would  have  been  60  grains  ;  for 

as  40  :  48  : :  so  :  60. 

But,  if  we  suppose  half  the  acid  to  be  combined  with  the  one  alkali,  and  half  with 
the  other,  then,  and  only  then,  will  the  weight  of  the  salt  correspond  exactly  with  that 
obtained  in  the  experiments  before  us  ;  for 

as  40  :  48  : :  25  :  so ;  and 
as  40  ;  32  ::  25  :  20 

50  +  50  =  100 

It  is  easy  to  apply  this  to  the  case  of  salts  containing  bromine  together  with  chlorine, 
assuming  that  we  are  sufficiently  acquainted  with  the  respective  atomic  weights  of 
both  these  principles. 

"  The  bromide  and  chloride  of  sodium  are  alike  precipitated  by  nitrate  of  silver  in 
the  form  of  an  insoluble  bromide  and  chloride  of  that  metal :  now  the  atomic 
weight 

Of  silver  is  stated  to  be  -  -  -  110 
„  chlorine  -  -  -  -  -  36 
„  bromine      -       -       -       -      -     78  "4 

Suppose,  therefore,  we  have  found  the  precipitate  to  weigh  151  grains;  and  that,  of 
these,  100  grains  have  been  ascertained  by  other  experiments  to  consist  of  silver: 
then 

as  110     :     78'4    ::    50     :     35 ;  and 

as  110    :      36   ::   50    :  16 


100     X     51     =  151. 

If  therefore,  half  the  silver  were  combined  with  bromine  and  the  other  half  with 
chlorine,  the  compound  produced  would  amount  to  exactly  151  grains,  which  is  found 
to  correspond  with  the  quantity  actually  obtained."    .  . 

The  following  Table  will  show  the  quantity  of  precipitate  that  may  be  expected  to 
result  from  the  addition  of  nitrate  of  silver  to  100  grains  of  a  salt  of  sodium,  according 
to  the  proportion  of  chloride  and  of  bromide  present  :— 

•  Dr  Anaus  Smitli,  in  his  "  Memoirs  of  Dalton,"  tlius  sums  up  the  labours  of  this  deep  thinker  :- 
This  Dalton  "  df  He  gave  the  first  idea  of  atomic  weights.  Under  th  s  head  came  Richter  and  Fischer  s 
,H  mbers  Richter  Knm  with  those  numbers,  never  could  obtaui  a  rationiil  theory  from  the 
;;i;^^a^  dMiSu  ^plains_these_  — 


ti^.:-=:n5;:nur.^;;:insSYr  '^•^^'"^'"^o'in^i.S'D:;^';."'!;.,^^^^^^^ 

to  me.  tLn,  that  what  happened  lusto.^^^^^^    ^?Cto    ?o\"h  " ummrt'of  the  hill,  ^nd^vh"en  comin 

beer!  so.  He  introduced  proportional  weights  into  the  theory,  and  found  tt  to  ag,Ci  .v,lh  facts,  ms  ii,, 
therefore,  the  quantitative  atomic  theory." 
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Quantity  of  Salt. 

Quantity  of 
Precipitat6. 

Quantity  of  Salt. 

Quantity  of 
Precipitate. 

Amount  of  Pre- 
cipitate from  tile 
two  Salts. 

Sr.  Sodiuin. 

Til.  Qi'lvfir 
Ul .  Oliver. 

Ch,  Sodium* 

Ch.  Silver. 

184-5 

100 

184'5 

0 

0 

90 

166'0 

10 

24-3 

190-3 

80 

148-0 

20 

48-3 

196-3 

70 

129'5 

30 

73-0 

202  0 

60 

111-0 

40 

95-5 

208-5 

50 

92-5 

50 

121-5 

214-0 

40 

74-0 

60 

146-0 

220-0 

30 

56-0 

70 

170-0 

220  0 

20 

37-0 

80 

195-0 

232-0 

10 

18-5 

90 

219-0 

237-5 

0 

00-0 

100 

243-0 

243-0 

ATOMIC  WEIGHTS,  EQUIVALENT,  CHEMICAL  EQUIVALENT, 
COMBINING  WEIGHT,  or  PROPORTION,  are  the  primal  quantities  in  wticli 
the  different  objects  of  chemistry,  simple  or  compound,  combine  -with  each  other, 
referred  to  a  common  body  taken  as  unity.  Oxygen  is  assumed  by  some  philo- 
sophers, and  hydrogen  by  others,  as  the  standard  of  comparison.  Every  chemical 
manufacturer  should  be  thoroughly  acquainted  with  the  combining  ratios  which  are, 
for  the  same  two  substances,  not  only  definite,  but  often  multiple ;  two  great  truths, 
upon  which  are  founded,  not  merely  the  rationale  of  his  operations,  but  also  the  means 
of  modifying  them  to  useful  purposes.  The  discussion  of  the  doctrine  of  atomic 
weights,  or  prime  equivalents,  belongs  to  pure  chemistry  ;  but  several  of  its  happiest 
applications  are  to  be  found  in  the  processes  of  art,  as  pursued  upon  the  largest  scale. 

The  following  propositions  may  be  regarded  as  the  laws  regulating  atomic  com- 
bination : — 

1.  The  equivalents  of  elementary  bodies  represent  the  smallest  proportions  in  which 
they  enter  into  combhiaiioji  ivith  each  other. 

2.  The  equivalent  of  a  compound  body  is  the  sum  of  the  equivalents  of  its  elements. 

3.  Combination  takes  place,  whether  between  elements  or  compounds,  either  in  the 
proportions  of  their  equivalents,  or  in  multiples  of  these  proportions,  and  never  iii  sub- 
viultiples. 

4.  The  law  of  definite  ana  multiple  proportion  is,  individual  compounds  always  contain 
exactly  the  same  proportions  of  their  elements.    See  Equivalents,  Chemicajl. 

ATOMIC  VOLUMES.  Recently  it  has  been  assumed  that  the  elements  unite 
invariably  in  equal  volumes — when  in  the  gaseous  state ; — or,  in  other  words,  that  the 
atoms  of  bodies  have  always  the  same  volume.  If  this  doctrine  be  maintained,  it 
becomes  necessary  to  alter  the  atomic  weights  or  combining  numbers  of  certain 
elements.  For  example,  water  contains  two  volumes  of  hydrogen  to  one  of  oxygen  ; 
but,  according  to  the  generally  received  idea,  it  consists  of  single  atoms  of  each 
element ;  it  is  clear,  therefore,  that  if  we  are  to  assume  that  the  atoms  of  hydrogen 
and  oxygen  have  the  same  volume,  we  must  either  halve  the  atomic  weight  of 
hydrogen  or  double  that  of  oxygen. 

Berzelius  suggested  that  all  the  atomic  weights  should  remain  the  same,  except 
those  of  hydrogen,  nitrogen,  phosphorus,  chlorine,  bromine,  and  iodine,  which  should 
halve  their  present  value.  Gerhardt,  on  the  other  hand,  adopts  the  more  convenient 
practice  of  allowing  hydrogen  and  its  congeners  to  retain  their  present  atomic  weights 
doubling  those  of  oxygen,  sulphur,  tellurium,  and  carbon.  ' 

ATROPINE.  (C^'H^^NO")  An  exceedingly  poisonous  alkaloid,  found  in  deadly 
nightshade  {Atropa Belladona')  and  m  stramonium  (^Datura  Stramonium).  The  alkali 
m  stramonium  was  long  thought  to  be  distinct  from  all  others,  and  was  consequently 
known  as  daturine  i  l>ut  the  identity  of  the  product  from  the  two  sources  has  been 
recently  shown  by  Von  Planta.  Many  processes  have  been  devised  for  the  prepara- 
Uon  of  atropine,  but  the  following  simple  method  is,  perhaps,  preferable  to  any  other. 
To  the  freshly  prepared  extract  of  belladonna  add  a  strong  solution  of  caustic  potash 
and  well  mix  in  a  mortar.  Digest  the  resulting  mass  at  a  temperature  of  80°  with 
benzoic  ;  separate  the  latter,  and  distil  off  the  hydrocarbon  in  a  retort  on  the  wl  er 
bath.  The  residue  m  the  retort  is  to  be  treated  with  water  acidulated  with  sulphuric 
acid;  the  acid  solution  is  to  be  precipitated  by  carbonate  of  soda,  and  the  resS 
atropine  may  tlien  be  obtained  pure  by  crystallisation  from  alcohol  Atropine  is  us^d 
in  medicine  for  producing  dilatation  of  the  pupil  of  the  eye.  The  smallp.t  nnrfjit  f 
very  dilute  solution  rubbed  on  the  eyelid  sufec'es  to  prodtfce  the  resi^T  xL^eff  ct  la 
for  several  hours.    When  pure,  atropine  crystallises  in  white  silky  prisma- a G.W 
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ATTAR  OF  ROSES,  more  commonly,  OTTO  OF  ROSES.  An  essential  oil, 
obtained  in  India.  Turkey,  and  Persia,  from  some  of  the  finest  varieties  of  roses.  It 
is  procured  by  distilling  rose  leaves  with  water,  at  as  low  a  temperature  as  possible. 
It  is  said  that  this  perfume  is  prepared  also  by  exposing  the  rose  leaves  in  water  to 
the  sun  ;  but,  from  the  fact  that  under  the  circumstances  fermentation  would  be 
speedily  established,  it  is  not  probable  that  this  is  a  method  often  resorted  to.  By 
dry  distillation  from  salt-water  baths,  no  doubt  the  finest  attar  is  obtained.  This 
essential  oil  is  only  used  as  a  perfume.  Attar  of  roses  is  adulterated  with  spermaceti 
and  with  castor  oil  dissolved  in  strong  alcohol. 

This  adulteration  may  be  detected  by  putting  a  small  drop  of  the  otto  of  roses  on  a 
piece  of  clean  writing  paper;  by  agitation  in  the  air,  the  volatile  oil  soon  evaporates, 
leaving  no  stain  if  pure ;  if  any  fixed  oil  is  present,  a  greasy  spot  is  left  on  the  paper. 

ATTENUATION.  Brewers  and  distillers  employ  this  term  to  signify  the  weak- 
ening of  saccharine  worts  during  fermentation,  by  the  conversion  of  the  sugar  into 
alcohol  and  carbonic  acid. 

AUGER.  The  auger  is  a  tool  for  boring  either  wood  or  stone.  The  single-Hp 
auger  is  forged  as  a  half-round  bar ;  it  is  then  coiled  into  an  open  spiral,  with  the 
flat  side  outwards.  The  ordinary  screw  anger  is  forged  as  a  parallelled  blade  of  steel ; 
it  is  twisted  red-hot ;  the  end  terminates  in  a  worm,  by  which  the  auger  is  gradually, 
drawn  into  the  work  as  in  the  gimlet ;  and  the  two  angles,  or  lips,  are  sharpened  to 
cut  at  the  extreme  ends,  and  a  little  up  the  sides  also.  The  American  screw  auger  has 
a  cylindrical  shaft,  around  which  is  brazed  a  single  fin  or  rib ;  the  end  is  filed  into  a 
worm,  as  usual,  and  immediately  behind  the  worm  a  small  diametrical  mortise  is 
formed  for  the  reception  of  a  detached  cutter,  which  exactly  resembles  the  chisel  edge 
of  the  centre-bit.  —  Holtzapffel 

AURUM  MUSIVUM  or  MOSAICUM.  Mosaic  Gold.  — For  the  preparation 
of  Mosaic  gold  the  following  process  is  recommended  by  Woulfe.  An  amalgam  of 
2  parts  of  tin  and  1  part  of  mercury  is  prepared  in  a  hot  crucible,  and  triturated  with 
1  part  of  sal  ammoniac,  and  1  part  of  flower  of  sulphur ;  the  mixture  is  sublimed  in 
a  glass  flask  upon  the  sand  bath.  In  breaking  the  flask  after  the  operation,  the  sub- 
limate is  found  to  consist,  superficially,  of  sal-ammoniac,  then  of  a  layer  of  cinnabar, 
and  then  of  a  layer  of  Mosaic  gold. 

There  are  several  other  processes  given  for  the  preparation  of  this  bisulphide  of 
tin,  but  the  above  probably  gives  the  best  results. 

Bergman  mentions  a  native  aurum  musivum  from  Siberia,  containing  tin,  sulphur, 
and  a  small  proportion  of  copper.    Dr.  John  Davy  gave  the  composition  as  — 

Tin    -       -       -    100     1     Sulphur    -       -       -  56-25 


Berzelius  as — 
Tin 


100 


Sulphur 


52-3 


Mosaic  gold  is  employed  as  a  bronzing  powder  for  plaster  figures,  and  it  is  said  to 
enter  sometimes  into  the  composition  of  aventurine. 

AUTOGENOUS  SOLDERING.    A  process  of  soldering  by  which  metals  are 

united,  either  by  the  ordinary  solders 
152  or  by  lead,  under  the  influence  of  a 

flame  of  hydrogen  or  of  a  mixture  of 
hydrogen  and  common  air. 

The  process  of  using  air  and  hydro- 
gen was  invented  in  France,  by  the 
Count  de  Richemont.  Hydrogen  gas 
J  is  contained  in  a  gasometer,  to  which  a 
flexible  tube  is  connected,  and  air  is 
urged,  from  a  bellows  worked  by  the 
foot,  through  another  tube,  and  on  to 
the  blowpipe,  where  the  hydrogen  is 
ignited.  By  means  of  the  flexible 
tubes  the  flame  can  be  moved  up  and 
down  the  line  of  any  joint,  and  the 
connecting  medium  melted.    Fig.  152. 

„S\= 

involuntary  motions. 
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The  term  automatic  is  now  applied  to  self-acting  machinery,  or  such  as  has  within 
itself  the  power  of  regulating  entirely  its  own  movements,  a  though  the  moving 
force  is  derived  from  without ;  and  to  what  pertains  to  such  machmery  ;  as  automatic 
operations  or  improvements. — Webster. 

The  word  "manufacture,"  in  its  etymological  sense,  means  any  system  or  objects 
of  industry  executed  by  the  hands  ;  but,  in  the  vicissitude  of  language,  it  has  now 
come  to  signify  every  extensive  product  of  art  which  is  made  by  machinery,  with 
little  or  no  aid  of  the  human  hand,  so  that  the  most  perfect  manufacture  is  that  which 
dispenses  entirely  with  manual  labour.  It  is  our  modern  cotton  and  flax  mills  that 
automatic  operations  are  displayed  to  most  advantage  ;  for  there  the  elemental  power 
Heat  has  been  made  to  animate  complex  organs,  imparting  to  forms  of  wood,  iron,  and 
brass,  an  agency  of  seeming  intelligence.  And  as  the  philosophy  of  the  fine  arts, 
poetry,  painting,  and  music,  may  be  best  studied  in  their  individual  master-pieces,  so 
may  the  philosophy  of  manufactures  in  these  its  noblest  creations. 

The  constant  aim  and  effect  of  these  automatic  improvements  in  the  arts  are  philan- 
thropic, as  they  tend  to  relieve  the  workmen  either  from  niceties  of  adjustment,  which 
exhaust  his  mind  and  fatigue  his  eyes,  or  from  painful  repetition  of  effort,  which 
distort  and  wear  out  his  frame.  A  well  arranged  power-mill  combines  the  operation 
of  many  work-people,  adult  and  young,  in  tending  with  assiduous  skill  a  system  of 
productive  machines  continuously  impelled  by  a  central  force.  How  vastly  conducive 
to  the  commercial  greatness  of  a  nation,  and  the  comforts  of  mankind,  human  industry 
can  become  when  no  longer  proportioned  in  its  results  to  muscular  effort,  which  is 
by  its  nature  fitful  and  capricious,  but  when  made  to  consist  in  the  task  of  guiding 
the  work  of  mechanical  fingers  and  arms  regularly  impelled,  with  equal  precision  and 
velocity,  by  some  indefatigable  physical  agent,  is  apparent  to  every  visitor  of  our 
cotton,  flax,  silk,  wool,  and  machine  factories.  This  great  era  in  the  useful  arts  is 
mainly  due  to  the  genius  of  Arkwright.  Prior  to  the  introduction  of  his  system, 
manufactures  where  everywhere  feeble  and  fluctuating  in  their  development ; 
shooting  forth  luxuriantly  for  a  season,  and  again  withering  almost  to  the  roots  like 
annual  plants.  Their  perennial  growth  then  began,  and  attracted  capital,  in  copious 
streams,  to  irrigate  the  rich  domains  of  industry.  When  this  new  career  commenced, 
about  the  year  1770,  the  annual  consumption  of  cotton  in  British  manufactures  was 
under  four  millions  of  pounds  weight,  and  that  of  the  whole  of  Christendom  was 
probably  not  more  than  ten  millions.  In  1850  the  consumption  in  Great  Britain  and 
Ireland  was  about  five  hundred  and  eighty-eight  millions  of  pounds,  and  that  of 
Europe  and  the  United  States  together,  one  thousand  and  ninety-two  millions.  la 
our  spacious  factory  apartments  the  benignant  power  of  Steam  summons  around  him 
his  myriads  of  willing  menials,  and  assigns  to  ^ch  the  regulated  task,  substituting, 
for  painful  muscular  effort  upon  their  part,  the  energies  of  his  own  gigantic  arm,  and 
demanding,  in  return,  only  attention  and  dexterity  to  correct  such  little  aberrations 
as  casually  occur  in  his  workmanship.  .Under  his  auspices,  and  in  obed'ience  to  Ark- 
wright's  policy,  magnificent  edifices,  surpassing  far  in  number  value,  usefulness,  and 
ingenuity  of  construction,  the  boasted  monuments  of  Asiatic,  Egyptian,  and  Roman 
despotism,  have,  within  a  short  period,  risen  up  in  this  kingdom,  to  show  to  what 
extent  capital,  industry,  and  science  may  augment  the  resources  of  a  State  while  they 
ameliorate  the  condition  of  its  citizens.  Such  is  the  automatic  system,  replete  with 
prodigies  in  mechanics  and  political  economy,  which  promises,  in  its  future  growth, 
to  become  the  great  minister  of  civilisation  to  the  terraqueous  globe,  enabling  this 
country,  as  its  heart,  to  diffuse,  along  with  its  commerce,  the  life-blood  of  knowledge 
to  myriads  of  people.  Of  these  truths,  the  present  work  affords  decisive  evidence  in 
almost  every  page. — Ure. 

AUTOMA.TIC  ARTS.  Such  arts  or  manufactures  as  are  carried  on  by  self- 
acting  machinery. 

AUTOMATON.  (aurJ^aToy— automates — self -moving.)  In  the  etymological 
sense,  this  word  (self-working)  signifies  every  mechanical  construction  which,  bv 
virtue  of  a  latent  intrinsic  force,  not  obvious  to  common  eyes,  can  carry  on,  for  some 
time,  certain  movements  more  or  less  resembling  the  results  of  animal  exertion 
without  the  aid  of  external  impulse.  But  the  term  automaton  is,  in  common  languaee' 
appropriated  to  those  mechanical  artifices  in  which  the  purposely  concealed  power  is 
made  to  imitate  the  arbitrary  or  voluntary  motions  of  living  beings.  Human  fieures 
of  this  kind,  are  sometimes  styled  Androides.  from  the  Greek  term,  like  a  man  ' 

Although,  from  what  has  been  said,  clockwork  is  not  properly  placed  under  the 
head  Automaton,  it  cannot  be  doubted  that  the  art  of  making  clocks,  in  its  nroeressivP 
improvement  and  extension,  has  given  rise  to  the  production  of  automata  The  most 
of  these,  in  their  interior  structure,  as  well  as  in  the  mode  of  applying  the  movin ' 
power,  have  a  distinct  analogy  with  clocks  ;  and  these  automata  are  frequfntly  mounted 
m  connection  with  watchwoik.     Towards  the  end  of  the  13th  century,  several 
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tower  clocks,  sucli  as  those  at  Strasburg,  Lubeck,  Prague,  Olmutz,  had  curious 
mechanisms  attached  to  them.  The  most  careful  historical  inquiry  proves  that  auto- 
mata, properly  speaking,  are  not  older  than  w/ieeZ-clocks ;  and  that  the  more  perfect 
structures  of  this  kind  are  subsequent  to  the  general  introduction  of  spring-clocks. 
Many  accounts  of  ancient  automata,  such  as  the  flying  pigeon  of  Archytas  of  Tarentum, 
appear  to  have  been  but  poor  mechanical  contrivances.  "  The  Pneumatics  of  Hero 
of  Alexandria  "  have  been  rendered  accessible  to  the  English  reader  by  the  translation 
of  Mr.  Benuet  Woodcroft.  In  this  work  will  be  found  descriptions  and  drawings  of 
several  curious  contrivances  which  must  be  included  amongst  automata.  The  fol- 
lowing, amongst  others,  may  be  quoted:  — 

"  An  automaton  which  drinks  at  certain  times  only,  on  a  liquid  being  presented 
to  it. 

"An  automaton  which  may  be  made  to  drink  at  any  time  on  a  liquid  being  pre- 
sented to  it.- 

"  An  automaton  which  will  drink  any  quantity  which  may  be  presented  to  it. 

"  An  automaton,  the  head  of  which  continues  attached  to  the  body  after  a  knife 
has  entered  the  head  at  one  side,  passed  completely  through  it,  and  out  at  the  other  ; 
which  animal  will  drink  immediately  after  the  operation." 

Beckmann  informs  us,  quoting  from  Plato,  that  Dsedalus  made  statutes  which 
could  not  only  walk,  but  which  it  was  necessary  to  tie,  in  order  that  they  might  not 
move  ;  and,  on  the  authority  of  Aristotle,  he  speaks  of  a  wooden  Venus,  and  remarks 
that  the  secret  of  its  motion  consisted  in  quicksilver  having  been  poured  into  it. 

John  Muller's  iron  flies  (or,  as  he  is  sometimes  called,  Regiomontanus)  and  his 
eagle  which  flew  towards  the  emperor  Maximilian,  in  Nuremberg,  iu  the  year  1740, 
•were  probably  exaggerated  statements  ;  for  such  master-pieces  of  art  would  form  now, 
with  every  aid  of  our  improved  mechanisms,  the  most  difficult  of  problems.  The 
imitation  of  flying  creatures  is  extremely  dif&eult,  for  several  reasons.  There  is  very 
little  space  for  the  moving  power,  and  the  only  material  possessed  of  requisite  strength 
being  metal  must  have  considerable  weight.  Two  automata  of  the  celebrated 
French  mechanician,  Vaucauson,  first  exhibited  in  the  year  1736,  have  been  greatly 
admired ;  namely  a  flute-player,  five  and  a  half  feet  high  with  its  cubical  pedestal, 
which  played  several  airs  upon  the  German  flute ;  and  that  not  by  any  interior  tube- 
work,  but  through  the  actual  blowing  of  air  into  the  flute,  the  motion  of  the  tongue, 
and  the  skilful  stopping  of  the  holes  with  the  fingers  ;  and  a  duck  which  imitated 
many  motions  of  a  natural  kind  in  the  most  extraordinary  manner.  In  1738  M. 
Vaucauson  published  a  memoir,  approved  of  by  the  Academy  of  Sciences,  m  which 
he  gave  a  full  description  of  the  machinery  employed  and  of  the  principles  of  its 
construction.  See  Brewster's  "  Letters  on  Natural  Magic."  This  artist  has  had  many 
imitators,  of  whom  the  brothers  Droz  of  Chaux  de  Fonds  were  the  most  distm- 
euished  Several  very  beautiful  clock  mechanisms  of  theirs  are  known.  One  of 
them  with  a  figure  which  draws  ;  another  playing  on  the  piano  ;  a  third  which  writes, 
besides  numerous  other  combined  automata.  Frederick  Von  Knauss  completed  a 
writing  machine  at  Vienna,  in  the  year  1760.  It  is  now  in  the  model  cabinet  of  the 
Polytechnic  Institute,  and  consists  of  a  globe  two  feet  in  diameter,  containing  the 
mechanism  upon  which  a  figure  seven  inches  high  sits,  and  writes  upon  a  sheet  ot 
paper  fixed  to  a  frame,  -whatever  has  been  placed  beforehand  upon  a  regulating 
cylinder.    At  the  end  of  every  line,  it  raises  its  hand  and  moves  it  sideways,  in  order 

Very  complete  automata  have  not  been  made  of  late  years,  because  they  are  very 
expensive;  and  by  soon  satisfying  curiosity,  they  cease  to  interest.  Ingenious  me- 
chanicians find  themselves  better  rewarded  by  directing  their  talents  to  the  self-acting 
machinery  of  modern  manufactures.  We  may  notice  here,  however,  the  mechanical 
Mpeter  of  Miilzl,  at  Vienna,  and  a  similar  work  of  Kauffmann,  at  Dresden  In 
Fr3  Switzerland  some  artists  continue  to  make  minute  automata  which  exute  no 
little  wonder;  such  as  singing  canary  birds,  with  various  movements  of  a  natura 
End  a°so  lit  le  birds,  somltimes  hardly  three  quarters  of  an  inch  long,  m  snuff-boxes 
and  watches  of  enamdled  gold.  Certain  artificial  figures  which  have  been  denomi- 
natrautomata,  hardly  deserve  the  name;  since  trick  and  confederacy  are  more  or 
"ess  concerned  in  their  operation.  It  is  likely,  also,  that  the  chess  player  of  Von 
Kemnden  which  excited  so  much  wonder  in  the  last  century,  had  a  concealed  con- 
S^ra  e  The  very  ingenious  little  figures  of  Tendler,  father  and  son,  ^vhich  imi  at  d 
SgUsh  horsemen  a^nd  ?ope  dancers,  constructed  at  E.senerz  in  Sfyria,  are  p^-ote^^^ 
no  more  true  automata  than  the  fantoccini,  or  figures  of  puppets,  which  are  cxliit..tca 
in  great  perfection  in  many  towns  of  Italy,  especially  at  Rome. 

The  moving  power  of  almost  all  automata  is  a  wound-up  steel  sP"ng  .J''^"^^^^^ 
comparison  with  other  means  of  giving  motion,  .  takes  up  the  smallc  t  roon^ 
easiest  concealed  and  set  a-going.    Weights  are  seldom  employed,  and  only  in  a  pai 
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tial  way.  The  employment  of  other  moving  powers  is  more  limited ;  sometimes  fine 
sand  is  made  to  fall  on  the  circumference  of  a  wheel,  by  which  the  rest  of  the  mecha- 
nism is  moved.  For  the  same  purpose  water  has  been  employed ;  and,  when  it  is 
made  to  fall  into  an  air-chamber,  it  causes  sulEcient  wind  to  excite  musical  sounds  in 
pipes.  In  particular  cases  quicksilver  has  been  used,  as,  for  example,  m  the  Chinese 
tumblers,  which  is  only  a  physical  apparatus  to  illustrate  the  doctrme  of  the  centre  of 

^'Sres  are  frequently  constructed  for  playthings,  which  move  by  wheels  hardly 
visible.  An  example  of  this  shnplest  kind  of  automaton,  which  may  be  introduced 
here  as  illustrating  the  self-acting  principles  of  manufactures,  is  shown  in  the  fagure. 

Fig.  153  exhibits  the  outlines  of  an  automaton,  representing  a  swan,  with  suitably 
combined  movements.  The  mechanism  may  be  described,  for  the  sake  of  clearness 
of  explanation,  under  distinct 
heads.  The  first  relates  to 
the  motion  of  the  whole  fi- 
gure. By  means  of  this  part 
it  swims  upon  the  water, 
in  directions  changed  from 
time  to  time  without  exterior 
agency.  Another  construc- 
tion gives  to  the  figure  the 
iaculty  of  bending  its  neck 
on  several  occasions,  and,  to 
such  an.  extent,  that  it  can 
plimge  the  bill  and  a  portion 
of  the  head  under  water. 
Lastly,  it  is  made  to  move  its 
head  and  neck  slowly  from 
side  to  side. 

On  the  barrel  of  the  spring 
exterior  to  the  usual  ratchet 
wheel,  there  is  a  main- wheel,  marked  1,  which  works  into  the  pinion  of  the  wheel  2. 
The  wheel  2  moves  a  smaller  one,  shown  merely  in  dotted  lines,  and  on  the  long 
axis  of  the  latter,  at  either  end  there  is  a  rudder,  or  water-wheel,  the  paddles  of 
which  are  denoted  by  the  letter  a.  Both  of  these  rudder-wheels  extend  through  an 
oblong  opening  in  the  bottom  of  the  figure  down  into  the  water.  They  turn  in  the 
direction  of  the  arrow,  and  impart  a  straight-forward  movement  to  the  swan.  The 
chamber  in  which  these  wheels  revolve  is  made  water  tight,  to  prevent  moisture 
being  thrown  upon  the  rest  of  the  machinery.  By  the  wheel  4,  motion  is  conveyed 
to  the  fly-pinion  5 ;  the  fly  itself,  6,  serves  to  regulate  the  working  of  the  whole 
apparatus,  and  it  is  provided  with  a  stop  bar,  not  shown  in  the  engraving,  to  bring  it 
to  rest,  or  set  it  a-going  at  pleasure.  Here,  as  we  may  imagine,  the  path  pursued  is 
rectilinear,  when  the  rudder-wheels  are  made  to  work  in  a  square  direction. 
An  oblique  bar,  seen  only  in  section  at  b,  movable  about  its  middle  point, 
carries  at  each  end  a  web  foot  c,  so  that  the  direction  of  the  bar  b,  and 
of  both  feet  towards  the  rudder- wheels,  determines  the  form  of  the  path 
which  the  figure  wiU  describe.  The  change  of  direction  of  that  oblique  bar 
is  effected  without  other  agency.  For  this  purpose  the  wheel  1  takes  into  the  pinion  7, 
and  this  carries  round  the  crown-wheel  8,  which  is  fixed,  with  an  eccentric  disc  9, 
upon  a  common  axis.  While  the  crown-wheel  moves  in  the  direction  of  the  arrow,  it 
turns  the  smaller  eccentric  portion  of  the  elliptic  disc  towards  the  lever  vi,  which, 
pressed  upon  incessantly  by  its  spring,  assumes,  by  degrees,  the  position  corresponding 
with  the  middle  line  of  the  figure,  and  afterwards  an  oblique  position ;  then  it  goes 
back  again,  and  reaches  its  first  situation ;  consequently,  through  the  reciprocal 
turning  of  the  bar  h  and  the  swim-foot,  is  determined  and  varied  the  path  which  the 
swan  must  pursue.  This  construction  is  available  with  all  automata  which  work  by 
wheels ;  and  it  is  obvious,  that  we  may,  by  different  forms  of  the  disc  9,  modify,  at 
pleasure,  the  direction  and  the  velocity  of  the  turnings.  If  the  disc  is  a  circle  for 
instance,  then  the  changes  will  take  place  less  suddenly ;  if  the  disc  is  an  outward'and 
inward  curvature,  upon  whose  edge  the  end  of  the  lever  presses  with  a  roller  the 
movement  will  take  place  in  a  serpentine  line.  ' 

The  neck  is  the  part  which  requires  the  most  careful  workmanship.  Its  outward 
case  must  be  flexible,  and  the  neck  itself  should  therefore  be  made  of  a  tube  of  sniral 
wire,  covered  with  leather,  or  with  a  feathered  bird-skin.  The  double  line  in  the 
interior  where  we  see  the  triangles  e  e  e,  denotes  a  steel  spring  made  fast  to  the 
plate  10,  which  forms  the  bottom  of  the  neck  ;  it  stands  loose,  and  needs  to  be  merelv 
so  strong  as  to  keep  the  neck  straight,  or  to  bend  it  a  little  backwards.  It  should  not 
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be  equally  thick  in  all  points,  but  it  should  be  weaker  \^1iere  the  first  graceful  bend  is 
to  be  made ;  and,  in  general,  its  stiffness  ought  to  correspond  to  the  curvature  of  the 
neck  of  this  bird.  The  triangles  e  are  made  fast  at  their  base  to  the  front  surface  of 
the  spring;  in  the  points  of  each  there  is  a  slit,  in  the  middle  of  -which  a  movable 
roller  is  set,  formed  of  a  smoothly  turned  steel  rod.  A  thin  catgut  string  /,  runs 
from  the  upper  end  of  the  spring,  -where  it  is  fixed  over  all  these  rollers,  and  passes, 
through  an  aperture  pierced  in  the  middle  of  10,  into  the  inside  of  the  rump.  If  the 
catgut  be  dra-wn  straight  back  to-wards/,  the  spring,  and  consequently  the  neck,  must 
obviously  be  bent,  and  so  much  the  more,  the  more  tightly  / is  pulled  and  is  shortened 
in  the  hollow  of  the  neck.  Ho-w  this  is  accomplished  by  the  -wheel-work  -will  pre- 
sently be  shown.  The  -wheel  11  receives  its  motion  from  the  pinion  s,  connected 
■with  the  main  -wheel  1.  Upon  11  there  is,  moreover,  the  disc  12,  to  whose  circum- 
ference a  slender  chain  is  fastened.  When  the  wheel  1 1  turns  in  the  direction  of  the 
arrow,  the  chain  will  be  so  much  pulled  onwards  through  the  corresponding  advance 
at  the  point  at  12,  till  this  point  has  come  to  the  place  opposite  to  its  present  situation, 
and,  consequently,  1 1  must  have  performed  half  a  revolution.  The  other  end  of  the 
chain  is  hung  in  the  groove  of  a  very  movable  roller  14 ;  and  this  will  be  turned 
immediately  by  the  unwinding  of  the  chain  upon  its  axis.  There  turns,  in  connection 
with  it,  however,  the  large  roller  13,  in  which  the  catgut /is  fastened;  and  as  this  is 
pulled  in  the  direction  of  the  arrow,  the  neck  will  be  bent  until  the  wheel  1 1  has 
made  a  half  revolution.  Then  the  drag  ceases  again  to  act  upon  the  chain  and  the 
cato-ut ;  the  spring  in  the  neck  comes  into  play :  it  becomes  straight,  erects  the  neck 
of  the  animal,  and  turns  the  rollers  13  and  14  back  into  their  first  position. 

The  roller  13  is  of  considerable  size,  in  order  that  through  the  slight  motion  of  the 
roller  14,  a  suf&cient  length  of  the  catgut  way  be  wound  off,  and  the  requisite  shorten- 
ing of  the  neck  may  be  effected ;  which  results  from  the  proportion  of  the  diameters 
of  the  rollers  11,  13,  14.  This  part  of  the  mechanism  is  attached  as  near  to  the  side 
of  the  hollow  body  as  possible,  to  make  room  for  the  interior  parts,  but  particularly 
for  the  paddle-wheels.  Since  the  catgut/ must  pass  downwards  on  the  middle  from 
10,  it  is  necessary  to  incline  it  sideways  and  outwards  towards  13,  by  means  of  some 

^™The^head'  constituting  one  piece  with  the  neck,  will  be  depressed  by  the  complete 
flexure  of  this;  and  the  bill,  being  tui-ned  downwards  in  front  of  the  breast,  will 
touch  the  surface  of  the  water.  The  head  will  not  be  motionless  ;  but  it  is  joined  on 
both  sides  by  a  very  movable  hinge,  with  the  light  ring  which  forms  the  upper  part 
of  the  clothing  of  the  neck.  A  weak  spring,  g,  also  fastened  to  the  end  of  the  neck, 
tends  to  turn  the  head  backwards  ;  but  in  the  present  position  it  cannot  do  so,  because 
a  chain  at  a,  whose  other  end  is  attached  to  the  plate  10,  keeps  it  on  the  stretch.  On 
the  bendine  of  the  neck,  this  chain  becomes  slack ;  the  spring  h  comes  into  operation, 
and  throws  the  head  so  far  back  that,  in  its  natural  position,  it  will  reach  the  water. 

Finally  to  render  the  turning  of  the  head  and  neck  practicable,  the  latter  is  not 
closely  connected  with  the  rump,  while  the  plate  10  can  turn  in  a  cylindrical  manner 
upon  its  axis,  but  cannot  become  loose  outwardly.  Moreover  there  is  upon  the  axi 
of  the  wheel  1,  and  behind  it  (shown  merely  as  a  circle  in  the  engraving)  a  bevel 
?heel  whTch  Works  into  a  second  similar  wheel,  15,  so  as  to  turn  it  in  a  hori- 
zontal dh-ection.  The  pin,  16,  of  the  last  wheel  works  upon  a  two-armed  lever,  9, 
3vlle  round  the  point  h,  and  this  lever  moves  the  neck  by  means  of  the  pm  17. 
?hrSorteTarm  of  the  lever  19  has  an  oval  aperture  in  which  the  p  n  16  stands.  As 
!t  f\Z  in  consequence  of  the  movement  of  the  bevel-wheel  15,  comes  into  the 
soou  as  this  in  consequence  ^^twards  on  its  smaller  diameter,  and  thereby 

dotted  position,  it  P"^\^^;'i^^?7'/':|jo  the  oblique  direction  shown  by  the  dotted 
^Th  'S  iTTa^Sg'col  o^  Its  wS  right^pposite  to  its  present  position,  sets 
lines.    The  pin      fj;7"ferpj,__  .^^^  kver,  by  the  further  progress  of  the  pin  in  its 
the  lever  again  straight     Then  he  lever    y  ^.^^  /"^^^      1^^^^  ^j^3^  15  ^as 

circular  path,  is  directed  ^^'^jV.Vaight.  The  longer  arm  of  the  lever  follows, 
T''  ^se'tSXSng  it  turns  th'e  neck  upon  its  plate  10  by 

of  thin  sheet  copper  or  brass.  automaton  ;  a  horse  which  moves  its 

Figs.  154,  155,  ^'^^^'^ ^^^^  J^ff,  ^'g^^^^  figures  sitting  in  it. .  The  man 

^;pe"•s^ot:v1  :^Ii^^s.  whtp;  tL  woman  bends  forward  from  hmim^^^^^^^ 
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the  right  hinder  foot,  move  themselves  backwards,  and  take  hold  of  the  ground  -with 
small  tacks  in  their  hoofs,  ■while  the  two  other  legs  are  bent  and  raised,  but  no  motion 


of  the  body  takes  place.  The  carriage,  however,  with  which  the  horse  is  con- 
nected, advances  upon  its  wheels.  By  studying  the  mechanism  of  the  foot,  a,  and  the 
parts  connected  with  it,  we  can  readily  understand  the  principles  of  the  movement. 
The  axis  of  wheel  4  is  crank-shaped,  on  both  sides,  where  it  has  to  operate  directly 
on  the  fore-feet;  but  for  each  foot  it  is  bent  in  an  opposite  direction,  as  is  obvious  in 
the  front  view  fig.  156.  This  crank,  or,  properly,  its  part  furthest  from  the  axis, 
serves  instead  of  the  pin  16  in  the  swan,  and  moves  like  it  in  an  oval  spot,  p,fiy.  154, 
a  two-armed  lever,  which  gives  motion  through  tooth-work,  but  not  as  in  the  swan, 
by  means  of  a  second  pin.  This  wheel-work  renders  the  motion  smoother.  The 
above  lever  has  its  fulcrum  at  n,fig.  156,  about  which  it  turns  alternately,  to  the  one 
and  the  other  side,  by  virtue  of  the  rotation  of  the  wheel  4.  The  toothed  arch,  or 
the  half-wheel  on  the  under  side,  lays  hold  of  a  shorter  lever,  in  a  similar  arch,  upon 
the  upper  joint  of  the  foot,  which  is  moved  forwards  and  backwards  upon  the  pivot  m. 
In  virtue  of  the  motions  in  the  direction  of  the  arrow,  the  foot  a  will  move  itself  first 
obliquely  backwards,  without  bending,  and  the  body  will  thereby  bend  itself  forwards. 
When  the  right  hand  foot  makes  the  same  motion,  both  the  other  feet  are  raised  and 
bent.  The  joints  of  the  foot  at  d  and  e  are  formed  of  hinges,  which  are  so  constructed 
that  they  can  yield  no  farther  than  is  necessary  at  every  oblique  position  of  the  foot. 
With  the  continued  rotation  of  the  wheel  4,  the  lever  turns  itself  about  n,  in  an 
inverted  direction  inwards,  and  impels  the  uppermost  foot-joint  forwards,  so  that  it 
forms  an  acute  angle  with  the  body  in  front.  The  foot  is  now  twice  bent  upon  its 
joints.  This  takes  place  by  the  traction  of  the  chain  t,  which  is  led  over  rollers  (as 
the  drawing  shows)  to  the  foot,  and  is  there  fastened.  As  its  upper  end  has  its  fixed 
point  in  the  interior  of  the  body,  it  is  therefore  drawn  by  the  eccentric  pin  r  standing 
m  the  vicinity  of  m,  and  thus  bends  the  foot  at  the  hinges.  If  there  were  space  for  it 
a  roller  would  answer  better  than  a  pin.  By  the  recedure  of  the  uppermost  joint  into 
the  first  position,  the  tension  of  the  chain  t  ceases  again  of  itself,  while  the  pin  r 
removes  from  it,  and  the  foot  is  again  extended  in  a  straight  line  by  the  small  sprino-s 
operating  upon  us  two  under  parts,  which  were  previously  bent  stiffly  by  the  chaiS 
By  the  aid  of  the  figures  with  this  explanation,  it  will  be  apparent  that  all  the  fore- 
teet  have  a  similar  construction,  that  the  proper  succession  of  motions  will  be  effected 
through  the  toothed  arcs,  and  the  position  of  the  cranks  on  the  axis  of  the  wheels  4 
and  5,  and  hence  the  advance  of  the  figure  must  follow.  The  wheel  6  puts  the  flv  7 
in  motion,  by  means  of  the  small  wheel  marked  1  ;  on  the  fixed  points  of  the  4 
chains,  by  means  of  a  ratchet-wheel  and  a  catch,  the  necessary  tension  will  ao-ain  be 
produced  when  the  chains  have  been  drawn  out  a  little.    There  is  sufiicient  room  for 

neressar^'^""  ^'""^  ""^  ^"""^  '^^^^  thought 

The  proper  cause  of  the  motions  may  now  be  explained.  In  fig.  155,  a  is  a  wheel 
connected  with  the  wound-up  spring,  by  which  the  motion  of  the  two  himan  fiJuref 
and  also,  if  desired,  that  of  the  horse,  may  be  effected.  The  axis  of  the  wheel  i 
carries  a  disc  w.  h  pins,  which  operate  upon  the  two-armed  lever  with  i  s  furcrun  e 
and  thus  cause  the  bending  of  the  upper  part  of  one  of  the  figures  whirh  W  n 
lunge  at/    On  the  axis  of  that  whecnhercFis  a  second  disc.  cXl^'^tot^:^  ,1 
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the  other  figure,  which,  for  the  sake  of  clearness,  is  shown  separate,  although  it 
should  sit  alongside  of  its  fellow.  On  the  upper  end  of  the  double-armed  lever  d, 
there  is  a  cord  whose  other  end  is  connected  with  the  moving  arm,  in  the  situation  i, 
and  raises  it  whenever  a  pin  in  the  disc  presses  the  under  part  of  the  lever.  A 
spring,  /i,  brings  the  arm  back  into  the  original  position,  when  a  pin  has  passed  from 
the  lever,  and  has  left  it  behind.  The  pins  at  c  and  d  may  be  set  at  difi'erent  dis- 
tances from  the  middle  of  the  disc,  whereby  the  motions  of  the  figures,  by  every 
contact  of  another  pin,  are  varied,  and  are  therefore  not  so  uniform,  and  consequently 
more  natural. 

For  the  connection  of  both  mechanisms,  namely,  the  carriage  with  the  horse, 
various  arrangements  may  be  adopted.  Two  separate  traction  springs  should  be 
employed;  one  at  a,  fig.  155,  in  the  coach-seat;  the  other  in  the  body  of  the  horse. 
In  the  coach-seat  at  b,  the  fly  with  its  pinion,  as  well  as  a  ratchet-wheel,  is  necessary. 
By  means  of  the  shaft,  the  horse  is  placed  in  connection  with  the  waggon.  It  may, 
however,  receive  its  motion  from  the  spring  in  the  carriage,  in  which  case  one  spring 
will  be  sufficient.  Upon  the  latter  plan  the  following  construction  may  be  adopted. — 
To  the  axis  of  h,fig.  155,  a  bevel  wheel  is  to  be  attached,  and  from  this  the  motion  is 
to  be  transmitted  to  the  bottom  of  the  carriage  with  the  help  of  a  second  bevel 
wheel  s,  connected  with  a  third  bevel  wheel  t.  This  again  turns  the  wheel  a,  whose 
long  axis,  v,  goes  to  the  middle  of  the  horse's  body,  in  an  oblique  direction,  through 
the  hollow  shaft.  This  axis  carries  an  endless  screw,  9,  fig.  1 54,  with  very  oblique 
threads,  which  works  into  the  little  wheel  8,  corresponding  to  the  wheel  1,  through 
an  opening  in  the  side  of  the  horse,  and  in  this  way  sets  the  mechanism  of  the  horse 
a-going.  With  this  construction  of  fig.  155,  a  spring  of  considerable  strength  is 
necessary,  or  if  the  height  of  the  carriage-seat  does  not  afford  sufficient  room,  its 
breadth  will  answer  for  placing  two  weaker  springs  alongside  of  each  other  upon  a 
common  barrel. 

AVENTURINE.  {Aventurine,  Fr.)    A  variety  of  quartz,  which  is  minutely 
spangled  throughout  with  yellow  scales  of  mica ;  is  known  as  Aventurine  qiiarlz.  It 
is  usually  translucent,  and  of  a  grey,  brown,  or  reddish-brown  colour.  There  is  also  an 
Aventurine  felspar  {Feldspath  aventurini,  Fr.).    Commercially,  in  France  and  some 
other  parts  of  Europe,  the  name  of  Pierre  de  soliel  is  given  to  the  finest  varieties  of 
the  felspar  aventurine,  some  lapidaries,  however,  calling  this  stone  by  the  name  of 
Aventurine  orientale.    This  aventurine  occurs  at  Capa  de  Gata,  in  Spain  ;  it  has 
reddish  and  yellow  internal  reflections. 

An  artificial  aventurine  has  been  manufactured  on  a  large  scale,  for  a  long  period, 
at  the  glass-works  of  Murano,  near  Venice.    According  to  Wohler's  examination, 
aventurine  glass  owes  its  golden  iridescence  to  a  crystalline  separation  of  metallic 
copper  from  the  mass  coloured  brown  by  the  peroxide  of  iron. 

C.  Karstea  analysed  the  artificial  aventurine  from  the  glass  manufactory  of  Bigaglia, 
in  Venice,  and  found  it  to  contain  — 

Silicic  acid  67*3 
Lime  .-.-----9'0 

Protoxide  of  iron       ------  3-4 

Binoxide  of  tin  -       -       -       -       -       -       -  2-3 

Protoxide  of  lead       -       -       -       -       "       -  I'O 

Metallic  copper  -------  4-0 

Potash      --------  5-3 


Soda 


7-0 


These  numbers  agree  in  a  remarkable  manner  with  the  results  formerly  obtained  by 
Peligot,  and  may  therefore  be  regarded  as  truly  representing  the  composition  of  the 

^' In'  the  aventurine  glaze  for  porcelain,  a  crystalline  separation  of  green  oxide  of 
chromium  from  the  brown  ferruginous  mass  of  the  glaze  produces  a  smiUar  effect. 
This  glaze  is  prepared  as  follows,  accordmg  to  A.  Wachter  :  — 

31  parts  of  fine  lixiviated  dry  porcelain  earth  from  Halle, 

43  „  „         dry  quartz  sand, 

14       „  gypsum, 

J  2  „  „        fragments  of  porcelain, 

are  stirred  up  with  300  parts  of  water,  and  by  repeated  straining  through  a  linen  sieve 
uniffnn^^^^^  in  it,  and  intimately  mixed.    To  this  paste  is  added,  under  con- 

stant agitation,  and  one  after  the  other,  aqueous  solutions  of 

19  parts  bichromate  of  potash, 
100    .,    protosulphate  of  iron, 
47    „    acetate  of  lead, 
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and  then  so  much  solution  of  ammonia  that  the  iron  is  completely  separated.  The 
salts  of  potash  and  ammonia  are  removed  by  frequent  decantation  with  spring  water. 

The  baked  porcelain  vessels  are  dipped  into  the  pasty  mixture  obtained  as  above 
described,  in  the  same  manner  as  with  other  glazes,  and  then  fired  in  the  porcelain 
furnace.  After  this  they  are  covered  with  a  brown  glaze,  which  in  reflected  light 
appears  to  be  filled  with  a  countless  number  of  light  gold  spangles. 

A  thin  fragment  of  the  glaze  appears,  under  the  microscope,  by  transmitted  light, 
as  a  clear  brownish  glass,  in  which  numerous  transparent  green  six-sided  prisms  of 
oxide  of  chromium,  and  some  brownish  crystals,  probably  of  oxide  of  chromium  and 
peroxide  of  iron,  are  suspended.  The  oxide  of  chromium,  therefore,  separates,  on  the 
slow  cooling  of  the  glaze  in  the  porcelain  furnace,  from  the  substance  of  the  glaze  — 
a  sUicate  of  potash,  lime,  and  alumina,  saturated  with  the  peroxide  of  iron  —  and 
shines  through  the  brownish  mass  with  a  golden  colour.  When  the  aventurine  glaze 
is  mixed  with  an  equal  amount  of  colourless  porcelain  glaze,  the  glassy  mass  no 
longer  has  a  brown  colour  after  the  burning,  but  a  light  greenish-grey,  and  the 
eliminated  crystalline  spangles  likewise  exhibit  in  reflected  light  their  natural  green 
colour. 

A  VENA  SATIVA.    The  common  oat  (which  see). 

AVERRUNCATOR.  A  pair  of  pruning  shears,  which,  on  being  mounted  on  a 
pole  some  ten  feet  long,  and  actuated  by  a  string  of  catgut,  can  be  used  for  pruning 
at  a  considerable  distance  above  the  head. 

AVOCADO  PEAR  OIL.  An  oil  obtained  from  the  oleaginous  fruit  the  Avocado 
pear-tree  {Laurus  Persea),  a  native  of  Trinidad.  A  portion  of  this  oU  having  been 
submitted  to  Dr.  Hofmann  by  the  Governor  of  Trinidad,  he  reported  on  its  character 
and  composition.    The  following  is  an  extract  from  his  report :  — 

"  According  to  my  present  experience,  the  oil  of  the  Avocado  pear  is  less  valuable 
as  a  lubricating  material.  To  make  it  fit  for  the  higher  classes  of  machinery,  its 
mucilaginous  constituents  must  be  removed  by  the  same  refining  process  requisite  for 
its  adaptation  in  illuminating  purposes.  This  will  slightly  increase  its  price.  Even 
when  purified  it  retains  an  attraction  for  oxygen,  by  which  it  becomes  rapidly 
coloured,  viscid,  and  actually  acid.  It  cannot,  either  in  price  or  in  applicability, 
compete  with  that  remarkable  substance  '  ParafBne  oil,'  which  has  been  discovered 
within  the  last  year  by  Mr.  James  Young,  and  which  is  now  manufactured  by  him  on 
a  large  scale,  by  the  distillation,  at  a  low  temperature,  of  several  varieties  of  coaL 

"  On  the  other  hand,  the  oil  of  the  Avocado  pear  is  very  applicable  for  the  pro- 
duction of  good  soap.  I  have  the  honour  of  transmitting  to  your  Excellency  specimens 
prepared  with  the  oil:  the  smaller  one,  which  possesses  a  yellow  colour,  is  prepared 
with  the  oil  in  its  original  condition ;  the  larger  one  is  made  with  a  portion  of  oil 
which  had  previously  been  bleached  by  chlorine.  From  this  specimen  it  is  obvious 
that  the  oil,  although  poor  in  stearine,  nevertheless  furnishes  a  soap  which  is  tolerably 
hard  and  solid.  It  ought  to  be  remembered  that  it  is  difficult  to  obtain  a  hard  soap 
by  working  on  the  small  scale  prescribed  by  the  limited  amount  of  material  at  my 
disposal.  For  the  perfect  elaboration  of  this  investigation  also,  a  large  supply  of 
material  will  be  of  great  advantage;  but  I  have  even  now  no  hesitation  in  statin o- 
that,  for  the  purposes  of  the  soap-maker,  the  oil  of  the  Avocado  pear  will  have  at 
least,  the  same  value  as  palm  oil."  ' 

AXE.    A  tool  much  used  by  carpenters  for  cleaving  and  roughly  fashioning 
blocks  of  wood.    It  is  a  thin  iron  wedge  with  an  oblong  steel  edge,  parallel  to  which 
m  the  short  base,  is  a  hole  for  receiving  and  holding  fast  the  end  of  astrone  wooden 
handle. 

AXLES,  of  carriages.    See  Wheel  Carriages. 
AXUNGE.    Hog's  lard.    See  Fat  and  Oils. 

AZIMUTH  COMPASS.  The  azimuth  compass  is  used  chiefly  to  note  the  actual 
magnetic  azimuth,  or  that  arch  of  the  horizon  intercepted  between  the  azimuth  or 
meridkn*'"'      P^^^"'^  through  the  centre  of  any  heavenly  body  and  the  magnetic 

The  card  of  the  azimuth  compass  is  subdivided  into  exact  degrees,  minutes  and 
seconds.  To  the  box  is  fixed  two  "  sights,"  through  which  the  suf  or  a?tar  may  be 
viewed  The  position  into  which  the  index  of  the  sights  must  be  turned  to  see  it 
will  indicate  on  the  card  the  azimuth  of  the  star.  Whenihe  observations  are  ntended 
to  be  exact,  telescopes  take  the  place  of  the  sights.  By  this  instrument  we  no?e  the 
actual  magnetic  azimuth ;  and,  as  we  know  the  azimuth  calculated  from  the  N  and 
S.  hue,  the  variation  of  the  needle  is  readily  found.  ^ 

AYR  STONE,  called  also  Scotch  stone  and  snake  stone,  is  much  in  reouest  « 
pohshiug  stone  for  marble  and  for  copper  plates.  These'stones  are  alXs  w 
damp,  or  even  wet,  to  prevent  their  becoming  hard.  aways  Jsept 

The  harder  varieties  of  Ayr  stone  are  now  employed  as  whetstones. 
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AZOBENZIDE    (C-'H"'N')    A  peculiar  substance  formed  by  acting  -with  an 
alcoholic  solution  of  potash  upon  nitrobenzole,  or  as  it  is  sometimes  called,  artificial 
oil  of  bitter  almonds.    (See  Nitrobenzole.)    If  nitrobenzole,  dissolved  m  alcohol, 
with  the  addition  of  solid  potash  be  distUled  a  complex  and  by  no  means  ^ ell  under- 
stood reaction  occurs.    The  azobenzide  distils  over  mixed  with  aniline.    The  fluid 
?  ea?ed  wi  h  hydrochloric  acid,  to  dissolve  the  aniline,  is  passed  through  a  wet  hlter; 
the  aniUne  salt  passes  through,  leaving  the  azobenzide  as  a  red  oil,  which  m  a  few 
momen  s  solidifies  into  a  mass  of  rich  golden-brown  crystals  of  considerable  size, 
Zn  when  working  on  a  very  small  quantity.    The  alcohol  enters  into  the  reaction, 
and  oxalic  acid  is  formed,  which  unites  with  the  potash.    Four  equivalents  of  nitro- 
benzole and  two  equivalents  of  alcohol  appear  to  yield  one  equivalent  of  azobenzide, 
two  equivalents  of  aniline,  four  equivalents  of  oxalic  acid,  and  eight  equivalents  of 
water  ;  or,  in  symbols  — 

4C'2ffNO*  +  2C*W0'^  =  C^'WW  +  2C'2H'N  +  4C'0«  +  8HO. 

Nitrobenzole.  Alcohol.  Azobenzide.  Aniline.  Oxalic  acid. 

Azobenzide  yields  numerous  derivations.    With  fuming  nitric  acid  it  gives  two 
nitto  compounds;  viz.,  nitroazobenzide  and  binitroazobenzWe     Azobenzide  tr^at^d 
with  sulDhide  of  ammonium,  yields  an  alkaloid  caUed  benzidme,  <y*Wm  .— C.  W. 
^/OBENZ0IDE     When  bitter  abnonds  are  distilled,  per  descensum       oi  is 
AZOBE^l^Ui^ii.    ^^Jie  ammonia,  and  the  substance  thus  formed  be 

^erd'^ijrir^  Tw\UTwde™  is  probably  impure  hydroben- 

O  a  Vf     See  lire's  Chemical  Dictionary. 
"TzO^EN^oTlE     A  substance  formed  simultaneously  with  hydrobenzamide 
and  benzydramide,  when  oil  of  bitter  almonds  is  treated  with  ammoma.-C.  G.  W. 

ISeS  sS~in  vegetable  substance.  wHch^^^^^^^^  a^ote,  we. 

supposed  at  one  time  to  partake^^^^^^ 

table  products,  indigo,  cafeme,  gl^^en,  ana  many  owe  ancients.   "  Cseru- 

AZ\IRE.    This  term  was  appbed^^^^^^^^  L'tiS)f  the  Scythian  (natural), 

leum,  or  azure,  is  of  three  fc  nds  .  tne  f  Sy^^^^  ^  ^  P/inw.)  Girardin, 
which  is  inferior;  the  Cyprian,  the  b  st  -(T^^^^^  n^^^^  ^^^^^ 

writing  of  the  ancient  colours,  says.     This  az  re  wnicn  carbonate 


-rrS  -p"uXUS*  r«S"if  e..ed 

"tE'°  »me  'S™  give.  »  ±e  Lapi.  «  I""™'  » 

the  progress  of  knowledge. 

B 

BABLAH.    The  rind  or  shell  which^^^^^^^^^^^^ 
it  comes  from  the  East  Indies,  ^^^^^  an  azotized  substance ;  but  the 

contains  gallic  acid,  t^^^'^^' f  "f^^^°"'°^,a^ran^^^^^^    in  reference  to  that  of  gaU.c 
proportion  of  tannin  is  smaller  than     s'lmach  ana  ga   ,  ^^^^^^^ 
Li  which  is  considerable  in  rtie  baWah^     t  has  been^us  ^^^^  y  ^^^^^.^^ 
ducing  various  shades  of  drab,  as  a  suubuiu 

dye-stu£Fs.  ,    f    mineral  lode  is  that  part  which  is  nearest 
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BACK.    A  brewer's  utensil. 

BAGASSE.  The  sugar-cane,  in  its  dry  crushed  state,  as  delivered  from  the 
sugar-mill.    It  is  much  employed  for  fuel  in  the  colonial  sugar-houses. 

BAIN-MARIE.  A  vessel  of  water  in  which  saucepans,  &c.,  are  placed  to  warm 
food. 

BAIZE.    A  coarse  woollen  stuff  with  a  long  nap,  sometimes  frized  on  one  side. 

BAKERS'  SALT.  The  sesquicarbonate  of  ammonia,  so  called  because  it  is  often 
used  as  a  substitute  for  yeast  in  bread  and  pastry. 

BAKING.  (Cuire,  Fr. ;  Bachen,  Germ.)  The  exposure  of  any  body  to  such  a 
heat  as  will  dry  and  consolidate  its  parts  without  wasting  them.  Thus  wood,  pottery, 
and  porcelain,  are  baked,  as  well  as  bread.    See  Biscuit  ;  Bread. 

BAL.  An  ancient  Cornish  miner's  term  for  a  mine.  Bal-maidens  is  a  name 
given  to  girls  working  at  a  mine. 

BALACHONG.  An  article  of  food  much  used  in  the  Eastern  Archipelago,  con- 
sisting of  fish  and  shrimps  pounded  together. 

BALANCE.  To  conduct  arts,  manufactures,  and  mines,  with  judgment  and  suc- 
cess, recourse  must  be  had,  at  almost  every  step,  to  a  balance.  Experience  proves 
that  all  material  bodies  existing  upon  the  surface  of  the  earth  are  constantly  solicited 
by  a  force  which  tends  to  bring  them  to  its  centre,  and  that  they  actually  fall  towards 
It  when  they  are  free  to  move.  This  force  is  called  gravity.  Though  the  bodies  be 
not  free,  the  effort  of  gravity  is  still  sensible,  and  the  resultant  of  all  the  actions  which 
It  exercises  upon  their  material  points  constitutes  what  is  popularly  called  their 
weight.  These  weights  are,  therefore,  forces  which  may  be  compared  together,  and 
by  means  of  machines  may  be  made  to  correspond  or  be  counterpoised. 

To  discover  whether  two  weights  be  equal,  we  must  oppose  them  to  each  other  in  a 
machme  where  they  act  in  a  similar  manner,  and  then  see  if  they  maintain  an  equi- 
librium ;  for  example,  we  fulfil  this  condition  if  we  suspend  them  at  the  two  extremities 
of  a  lever  supported  at  its  centre,  and  whose  arms  are  equal.  Such  is  the  general  idea 
of  a  balance.  The  beam  of  a  good  balance  ought  to  be  a  bar  or  double  cone  of  metal,  of 
such  strength  as  to  secure  perfect  inflexibility  under  any  load  which  may  be  fitly  applied 
to  Its  extremities.  Its  arms  should  be  quite  equal  in  weight  and  length  upon  each  side 
ot  Its  point  of  suspension ;  and  this  point  should  be  placed  in  a  vertical  line  over  the 
centre  of  gravity  ;  and  the  less  distant  it  is  from  it,  the  more  delicate  will  be  the  balance 
Were  it  placed  exactly  in  that  centre,  the  beam  would  not  spontaneously  recover  the 
horizontal  position  when  it  was  once  removed  from  it.  To  render  its  indications  more 
readily  commensurable,  a  slender  rod  or  needle  is  fixed  to  it,  at  right  angles,  in  the  line 
passmg  through  its  centres  of  gravity  and  suspension.  The  point,  or  rather  edge,  of 
suspension,  is  made  of  perfectly  hard  steel,  and  turns  upon  a  bed  of  the  same.  For 
common  uses  the  arms  of  a  balance  can  be  made  sufficiently  equal  to  give  satisfactory 
results;  but,  for  the  more  refined  purposes  of  science,  that  equality  should  never  be 
""^^  *f  '1'  T^-'  fo'^t'^^tely,  exact  weighing  is  quite  independent  of  that 
equality,    io  weigh  a  body  is  to  determine  how  many  times  the  weight  of  that  body 

nrnlr'^o  ^^f      °\  ^^'g^''     «^  ^'^'"'^  °^  example.  In 

if  1°  '   '     P'^''^      substance,  suppose  a  piece  of  gold,  in  the  left  hand 
i   f  ^alance  ;  counterpoise  it  with  sand  or  shot  in  the  other,  till  the  index 
hori.L^!fi    "ii^  "^'^^^  °^      scale,  proving  the  beam  to  be 

multlX  wpilr  gently  the  piece  of  gold,  and  substitute  in  its  place  standard 

t^pS.Ii  ^  V  graduation,  EngUsh  or  French,  until  the  needle  again  resumes 

?Lsf wptr   °>i  oscillations  upon  either  side  of  the  zero  pokit  are  equal 

in  Z  Zlt  ■  ^  f  P'-esent  precisely  the  weight  of  the  gold,  since  they  are  placed 
laid  in  the  oth~r'''  ^""^  ''''  '^"^^  equilibrium  with%he  ^eigh^ 

th7,I'n!n'!!!f''°'^-  "l^^i'S^'^S  is  obviously  independent  of  the  unequal  length  as  well  as 
S^SsTble  ^^^he  fil^,f -T'.!*"^'  .  For  its  perfection  two  requisites  only  are 

n  thftwo  oDwatTon,  fol^  suspension  should  be  rigorously  the  same 

TdXr^^v^ethirrtiT^^^^^^ 

hard  temnered  f«  tn^^»  ■        t^^^^J  ^""^^  °^  ^^'^  ^eam,  both  made  of  steel  so 

SaTancSuS  b"  vl^  seS  Va      whef  °"    '^^^^.^^'^^''^  ^^^l^*'- 
disturbed,  and  its  needle  may  os'^K  hv  th^^^  '°  equilibrium  and  loaded,  it  may  be 
scales.    This  sensibiUt;  Ko^  tTe^^^^^^^^^^^ 
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be  the  more  perfect  the  less  friction  there  is  between  that  Ani/e-ed^e  surface  and  the 
plane  which  supports  it.    Both  should  therefore  be  as  hard  and  highly  pohshed  as 
possible :  and  should  not  be  suffered  to  press  against  each  other,  except  at  the  time  of 
weijrhinff    Every  delicate  balance  of  moderate  size,  moreover,  should  be  suspended 
within  f' glass  case,  to  protect  it  from  the  agitations  of  the  air,  and  the  corroding 
influence  of  the  weather.   In  some  balances  a  ball  is  placed  upon  the  index  or  needle, 
(-whether  that  index  stand  above  or  below  the  beam,)  which  may  be  made  to  approach 
or  recede  from  the  beam  by  a  fine-threaded  screw,  with  the  effect  of  varying  the 
Pontre  of  eravitv  relatively  to  the  point  of  suspension,  and  thereby  mcreasing  at  will, 
ekher  the  sensibility  or  the  stability  of  the  balance.    The  greater  the  length  of  the  arms, 
the  less  distant  the  centre  of  gravity  is  beneath  the  centre  of  suspension  the  better 
uolished  its  central  knife-edge  of  30°,  the  lighter  the  whole  balance,  and  the  less  it  is 
loaded  the  greater  will  be  its  sensibility.    In  all  cases  the  arms  must  be  quite  in- 
flexible   A  balance  made  by  Ramsden  for  the  Royal  Society  is  capable  of  weighing 
ten  pounds,  and  turns  with  one  hundredth  of  a  grain,  ^^ich  is  the  seven-miUionth 
part  of  the  weight.    In  pointing  out  this  balance,  Dr.  WoUaston  remarked  it 
was  so  delicate,  that  Mr.  Pond,  then  Astronomer- Royal,  when  making  some 
observations  with  it,  found  its  indications  affected  by  his  relative  position  before  it 
although  it  was  inclosed  in  a  glass  case.    When  he  stood  opposite  the  right  arm,  that 
end  of  the  beam  preponderated,  in  consequence  of  its  becoming  expanded  by  the 
radiat  on  of  heat  from  his  body  ;  and  when  he  stood  opposite  the  left  arm,     "lade  this 
nreDonderate  in  its  turn.    It  is  probable  that  Mr.  Pond  had  previously  adjusted  the 
ceXs  of  gra^Tty  and  suspension  so  near  to  each  other  as  to  give  the  balance  its  maxi- 
mum sensfbmty  consistent  with  stability.    Were  these  centres  made  to  coincide  he 
beam  when  the  weights  are  equal,  would  rest  in  any  position,  and  the  addi  ion  of  the 
Sl'ert  weight  woidd  overset  the  balance,  and  place  the  beam  in  a  vertical  positioi^ 
ft^m  which  ft  would  have  no  tendency  to  return.    The  sensibility  m  this  case  would 

than  the  centre  of  to  counterpoise  a  pound  weight  in  the  other. 

wJ^utln'^rring  into  the  construction  of  balances  -hich  is  not  die  p^^^^^^^^^^^^ 
dictionary,  it  does  not  appear  practical  to  enter  further  than  Dr.  Ure  has  done 

B  AlScE  for  WEIGHING  COIN  introduced  at  the  Bank  of  England  in  the 

'Zlmm.^  Cotton,  then  Deputy-Governo^  and  d^^^^^^^^^ 
Governor  of  the  Bank  ^^d  long  regarded  the  mode  of  wei^^^^^^^^ 
balances  with  dissatisfaction,  on  ^^/JM^JJ^;^^^^^^ 

or  weigher,  owing  to  the  °J ,  ^^i^^^^PS^  the  narrow 

beam  indicator,  and  the  necessity  of  reducmg  the  tunctmns  oi  i  labour 
office  of  influencing  a  few  ^^^f^^ltly  "peaked  a 

could  not  be  endured  for  hours  together  7^™! J^Xount  U  to  be  due  to 

in  errors.    Errors  more  -f^}f^%f^''AlTe.^-  c™ts  of  aiJ  also  acting  upon 
the  rapid  wearing  of  the  kmfe-edges      t^i^  ""X^^g^ib  of  the  "teller"  sometimes 
he  pans  produced  ^^^^']'?\l''f'j.'^^^^  amounted  to 

Sr'S  hrurs^oV  not  indicate  n^^^^^^^^  ,,,,,ts  of  the  hand- 

^  Upon  taking  into  consideration  the  might  be  superseded  by  a 

weighing  system,  Mr.  Cotton  conceived  t^e  idea  tnat  it     g  r  ^^.^^  ^ 

machine^defended  from  external  influences,  -"^^XTu^^^i^^^^nimunicated  his  plan 
Z  by  hand,  and  within  the  fourth  of  %g[Xth  engS!^ho  undertook  the  construe- 
to  Mr.  David  Napier,  of  York  Road  LambetK^^^^^ 

tion  of  an  experimental  machine     ^ts  c^PabU  J'es^^^  ^^^^  ,„ore  ''au- 

Mr.  William  Miller,  of  the  Bank.  The  resuu  wa  f^^her  additions  have  been 
tomaton  balances"  were  ordered  ;  ^^^"If  riJ'^_V,°tion  at  the  Bank  of  England.  But 
made,  so  that  at  present  there  are  ten  in  daib^^  o^^^^^^^^       institution  of  tellers  passed 
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the  Direction,  to  obtain  the  adoption  of  an  invention  by  which  a  very  large  annual 
saving  has  been  eflfected. 

The  mechanical  adaptation  of  the  principles  involved  in  the  Automaton  Balance,  as 
contrived  by  Mr.  Napier,  may  be  shortly  explained: — The  weighing  beam,  of 
steel,  is  forked  at  the  ends,  each  extremity  forming  a  knife-edge  ;  and  in  tifb  centre 
the  fulcrum  knife-edge  extends  on  each  side  of  the  plate  of  the  beam,  and  rests  in 
hollows  cut  in  a  bowed  cross-bar  fixed  to  the  under  side  of  a  rectangular  brass  plate, 
about  12  inches  square,  which  is  supported  at  the  corners  by  columns  fixed  to  a  cast- 
iron  table  raised  a  convenient  height  on  a  stand  of  the  same  metal.    To  form  a  com- 
plete enclosing  case,  plates  of  metal  or  glass  are  slid  into  grooves  down  the  columns. 
When  the  beam  is  resting  with  its  centre  knife-edge  in  the  hollows  of  the  cross-bar 
just  referred  to,  its  upper  part  is  nearly  on  a  level  with  the  under-side  of  the  brass 
plate,  in  which  a  long  slot  is  made,  so  that  the  beam  can  be  taken  out  when  the  feed- 
ing slide-box,  and  its  plate,  which  covers  this  slot,  are  removed.    On  the  top  of  the 
covering  plate  of  the  feeding  slide  a  tube  hopper  is  placed,  and  a  hole  in  the  plate 
communicates  with  the  slide  ;  another  hole  is  pierced  in  the  same  plate  exactly  over 
one  end  of  the  beam,  upon  the  knife-edges  of  which  a  long  rod  is  suspended  by  hol- 
lows formed  in  a  cross-bar  close  to  its  upper  end,  where  the  weighing  platform  is 
fitted.    A  rod  is  also  suspended  at  the  other  end  of  the  beam  in  a  similar  manner ; 
but  instead  of  a  weighing  plate,  it  has  a  knob  at  top,  which,  when  the  beam  is  hori- 
zontal, comes  into  contact  with  an  adjustable  agate  point.    The  lower  end  of  this- 
pendant  rod  is  stirrup-shaped,  for  holding  the  counterpoise.    Two  displacing  slides 
are  provided,  one  on  each  side  of  the  feedmg  slide,  and  at  right  angles  to  each  other ; 
and  a  gripping  apparatus  is  fixed  to  the  under  side  of  the  brass  top  plate,  arranged  so 
as  to  hold  the  pendant  on  which  the  scale-plate  is  fitted  during  the  change  of  the 
com.    A  dipping  finger  is  also  attached  to  the  frame  of  the  gripping  apparatus,  its 
end  passmg  mto  a  small  slot  in  the  pendant  rod,  and  acting  upon  a  knife-edge  at  the 
lower  end  of  the  slot.    There  are  four  shafts  crossing  the  machine  ;  the  one  through 
which  the  power  is  applied  is  placed  low  and  at  the  centre,  and  carries  a  pinion  which 
gears  with  a  wheel  of  twice  its  diameter  on  a  shaft  above  ;  this  wheel  gears  with  two 
similar  wheels  fixed  to  shafts  on  each  side  of  the  centre.    Cams  for  acting  upon  the 
feeding  slide,  through  the  medium  of  a  rocking  frame,  are  carried  by  the  shaft  placed 
at  the  end  of  the  machine  where  the  counterpoise  hangs,  and  the  other  two  shafts  on 
the  same  level  bear  cams  for  working  the  gripping  apparatus,  the  dipping  finger,  and 
the  displacmg  slides.  e  >  " 

Having  described,  as  clearly  and  as  popularly  as  we  can,  the  general  features  of  the 
Tnl^npTfin JiU  proceed  to  indicate  its  manner  of  action.  Suppose,  then,  the 
hopper  fiUed,  and  a  hollow  mclmed  plane  about  two  feet  long,  which  has  been  added 
!i    1  V  i''  'P^enti^e  genius  of  one  of  the  gentlemen  in  the  weighing-room 

also  loaded  Its  whole  length  with  the  pieces  to  be  weighed,  the  machine  is  set  in 
motion,  and  the  feedmg  slide  pushes  the  lowest  piece  forward  on  to  the  weiehina- 
plate,  the  grippers  meantime  holding  fast  by  the  neck  of  the  pendant,  so  as  to 
keep  the  plate  perfectly  steady;  the  dipping-finger  is  also  at  its  lowest  position 
and  resting  upon  the  knife-edge  at  the  bottom  of  the  slot  in  the  pendant  rod  thus 
keeping  the  beam  horizontal,  and  the  knob  on  the  counterpoise  pendant,  in  contact 
with  the  agate  pomt  already  mentioned.    When  the  coin  is  fairly  p  kced  on  the 
weighmg-plate,  the  grippers  let  go  their  hold  of  the  pendant  rod,  and  the  dinniJ^ 
finger  IS  raised  by  its  cam  ;  if  then  the  coin  is  too  light,  the  coin  end  of  the  beam  wH 
nse  along  with  the  dipp  ng-finger,  and  the  counterpois;  end  wilf  descend  ffXavv 
the  beam  wiU  remain  without  motion,  the  agate  point  preventing  it.    As  soon  asTh^o' 
tZht.fr  ^«^'f «  tli^  P^Per  height,  and  thus  has  aUowed  s^cient  time  for  le 

reautntlv  £  'l'^"^'  f"'  "^''^  the  pendanrand 

and  Wn^r?!  f  K  r  ^^'Sl"°g-Plate,  at  the  high  level,  if  the  coin  has  proved  lisht 

Knocks  It  olf,  if  remainine  on  the  low  level  into  tlio  « i,„„     »  v  ,  ' 

placing  slide  then  advance!    This  sTrEs  h  gher  than  the'^firsr^nH  ^'t 
light  piece  which  the  other  has  missed,  into  the  receotacle  for  tlL  r  -^"""T^"' 
these  operations  the  feeding-slide  has  brought  fnrw^^        ?u        -^^^  ^"""g 
just  described  is  repeated.    TKendlntt  on^^  rpn  ^""I^"'         f'"^  P^^^^^s 
plane  at  intervals,  a'nd  remove  thf «  eo  n  iom^^^^^^^ 

the  workmanship,  and  the  harmmiv  nf  ti,o  -no..-  ooxes.    ihe  perfection  of 

appreciated  from^'the Tct  than7n,ecesVrP  W  "^'^^  best 
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constructor  of  Mr.  Babbage's  Calculating  Machine.  'But  Mr.  Napier  overcame  tlie 
difficulty  by  raising  the  centre  of  gravity  so  as  to  coincide  -with  the  centre  of  action, 
which  cave  it  much  greater  sensibility  ;  and  he  provided  the  dipping-finger,  to  bring 
the  beam  to  a  horizontal  position  after  each  weighing,  instead  of  an  influencing  weight 

in  the  beam  itself.  , .      .  „     ,  ^  ,  n  •  j   j    4.i,„„„  „ , 

The  wear  and  tear  of  these  machines  is  found  to  be  very  small  indeed ;  those  sup- 
Blied  in  184"  and  1843,  and  in  daily  use  ever  since,  weigh  with  the  same  accuracy  as 
at  first,  although  they  may  be  said  to  have  cost  nothing  for  repairs.  The  principal 
cause  of  this  long-continued  perfection  is  that  the  beam  does  not  oscillate,  unless  the 
coin  is  light,  and  even  then  the  space  passed  through  does  not  exceed  the  thickness  of 

the^oin.^^  when  the  Moneyers  were  no  longer  masters  of  the  Royal  Mint,  and 
the  new  authorities  began  to  regard  the  process  of  weighing  the  coin  detail 
bv  hand  as  a  laborious,  expensive,  and  inaccurate  method,  the  firm  ot  Napier 
and  Son,  at  an  interview  with  Sir  John  Herschel,  the  Master,  and  Captain 
Harness,  the  Deputy-Master,  received  an  order  for  five  machmes  to  be  designed  to 
-suit  the  requirements  of  the  Mint,  which  involved  a  complete  change  in  the  me- 
chanical arrangement  of  the  machine  as  used  at  the  Bank,  it  bemg  necessary  to_divide 
the  "  blanks,"  or  pieces  before  they  are  struck,  into  three  classes  :  too  light  too 
heavy,"  and  "  medium,"  or  those  varying  between  certain  given  limits.  It  wouW 
occup;  too  much  space  to  attempt  a  description  of  the  mechamcal  disposition  of  this 
machine  and  it  coiJd  not  be  satisfactorily  accomplished  without  the  aid  of  drawings  ; 
kt  it  suffice,  then,  to  say  that  the  displacing-slides  are  removed  and  a  long  vibrating 
conductSg  tube  deceives  the  blanks^s  they  are  in  turn  pushed  off  the  ^^eig^mg- 
Tte  by  the  on-coming  blanks ;  but,  according  to  the  weight  of  the  Wank  the 
Ker  end  of  the  tube  is  found  to  be  opposite  to  one  of  three  .«Pe°>°g«,  l^^^^^^S 
tlJee  boxes.  The  tube  is  sustained  in  its  proper  position,  during  the  descent  of  the 
ank  l^weighed  through  it,  by  a  stop-finger,  the  height  of  which  is  regidated  by  a 
SSing-finger%^^^^^^ 

^^:S'trLgi  l£l^T.S^  -^-1^       knife-edge  has  attained,  and 

^,  ,  T  A  Thp^onnterooise  employed  is  less  than  the  true  standard  weight, 
?vte  au^S^fwhilh  mTSTwed"^^  in  that  direction;  and  in  case  a 

by  the  quantity  ^^""J^ll,  ■  counterpoise  raised,  but  a  smaU  weight,  equal  to 
blank  IS  too  ^^^P'-^^l^^X^.^^^^  ligM  "  and  "  too  he^vy,"  is  raised  also ;  this  small 
l':igMfom^n:  resfoTs^P^^^^^^^^         for  it  when  the\eam  is  horizontal,  and  is 

only  disturbed  by  a  too  ''^^l^^  ^^^^J^-  ^^^^te  and  rapid  than  those  made  for  the 

These  machm  s  have  ^^^^^^^^  ^^^^^p^       improvements  intro- 

Bank  ;  and  Professor  uranam,  1,     i  number,  and  dispensed 

Sy'lShet^^^^^^  Si-aid'that  the  saving  accruing  from  this  change 

^'TK'^rSiirV:^^%^^o  rose-re,  varieties  of  spinel.    See  R^v. 

itSsT»D^ the  force  of  cannon- 
ballistic  pendulum  derives  Its  name  from  tbis  ^^^^  .^^^  ^^^^  ^^^^^^^ 

Se;^:idSrS'^^^^^^^^  t^e  blow  received  from  the  ball,  thus  measur- 

^tSoN.  In  France,  a  quan^.  of  gla^  ^^^^^  SSl^onl. 
plates  each;  of  12j^bu^^^^  ^.^^  ^,,m 

BALLOON,  AIR.  ..^  ^^^Ihri^^the  Ifmosphere,  ascends  in  it.  Numerous 
which,  being  specifically  ligb  er  than  ti  e       j         ^^^^^^^  aeronaut,  so 

attempts  have  been  made  to  bring  ff^f"^"""     o^phere ;  but  all  of  these  have  proved 
as  to  guide  them  across  the  ^"/'I'jf^^J.'^e's  Sg  always  moved  with  the  aerial 
unsuccessful,  the  balloon  and  its  ^oyag^r^  ^Hch  have  been  adopted, 
current,  in  spite  of  the  "mechanical  apphances^^  compound  of  ethereal  or 

BALSAM.    (.Baume,  1-r.;  ff^^^^^l'^J,,,  acid.    Most  balsams  have  the  con- 
essential  oils,  with  resin,  and  ftequeutly  Dcn 

sistence  of  honey  ;  but  a  l^^^/^^  ^^^'J^trees  and  shrubs  in  tropical  climates.  They 
spontaneously,  or  by  '"f.^^^^f^^^f^J  smells,  aromatic  hot  tastes,  but  lose  their  odori- 
have  peculiar  and  sometimes  powerlui  smeus, 
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ferous  properties  by  long  exposure  to  the  air.  They  are  insoluble  in  water ;  soluble, 
to  a  considerable  degree,  in  ether ;  and  completely  in  alcohol.  When  distilled  with 
water,  ethereal  oil  comes  over,  and  resin  remains  in  the  retort. 

Of  the  various  kinds  of  Balsams  we  imported,  in  1856,  the  following  quantities: — 

Canada   1",177  lbs. 

Capivi   927  cwts. 

Riga   328  lbs. 

Tolu   1,452  lbs. 

BALSAM  OF  COPAIVA.  (Baume  de  Copahu,  Fr. ;  Kopaiva  Balsam,  Germ.) 
Copaiva  balsam,  balsam  of  copahu,  or  capivi,  is  obtained  from  incisions  made  in  the 
trunk  of  the  Copaifera  officinalis,  a  tree  which  grows  in  Brazil  and  Cayenne.  It  is 
also  very  frequently  obtained  from  the  C.  Multijuga,  C.  Langodorfi,  and  C.  Coriacea. 
Dr.  Pereira  has  figured  these  and  several  other  species  of  copaifera.  It  is  pale  yellow, 
semi-liquid,  clear  and  transparent,  has  a  bitter,  sharp,  hot  taste;  a  penetrating  dis- 
agreeable smell ;  a  specific  gravity  of  from  0'950  to  0'996.  It  dissolves  in  absolute 
alcohol,  partially  in  spirits  of  wine,  forms  with  alkalis  crystalline  compounds.  It 
consists  of  45'59  ethereous  oil,  5275  of  a  yellow  brittle  resin,  and  1'66  of  a  brown 
viscid  resin.  The  oil  contains  no  oxygen,  has  a  composition  like  oil  of  turpentine, 
dissolves  caoutchouc  (according  to  Durand),  but  becomes  oxidised,  in  the  air,  into  a 
peculiar  species  of  resin. 

This  substance  is  extensively  used  in  medicine.  It  was  formerly  often 
adulterated;  some  unctuous  oil  being  mixed  with  it,  but  as  this  is  easily  dis- 
covered by  its  insolubility  in  alcohol,  castor  oil  has  since  been  used.  The  pre- 
sence of  this  cheaper  oil  may  be  detected, —  1,  by  agitating  the  balsam  with  a 
solution  of  caustic  soda,  and  setting  the  mixture  aside  to  repose,  when  the  balsam 
will  come  to  float  clear  on  the  top,  and  leave  a  soapy  thick  magma  of  the  oil  below  ; 
2,  when  the  balsam  is  boiled  with  water,  in  a  thin  film,  for  some  hours,  it  will  become 
a  brittle  resin  on  cooling,  but  it  will  remain  viscid  if  mixed  with  castor  oil ;  3,  if  a 
drop  of  the  oil  on  white  paper  be  held  over  a  lamp,  at  a  proper  distance,  its  volatile 
oil  will  evaporate  and  leave  the  brittle  resin,  without  causing  any  stain  around,  which 
the  presence  of  oil  will  produce  ;  4,  when  three  drops  of  the  balsam  are  poured  into  a 
watch-glass,  alongside  of  one  drop  of  sulphuric  acid,  it  becomes  yellow  at  the  point 
of  contact,  and  altogether  of  a  saffron  hue  when  stirred  about  with  a  glass  rod;  but  if 
sophisticated  with  castor  oil,  the  mixture  soon  becomes  nearly  colourless,  like  white 
honey,  though  after  some  time  the  acid  blackens  the  whole  in  either  case;  5,  if  3  parts 
m  bulk  of  the  balsam  be  mixed  with  1  of  good  water  of  ammonia  (of  0-970  specific 
gravity)  in  a  glass  tube,  it  will  form  a  transparent  solution  if  it  be  pure,  but  will  form 
a  white  liniment  if  it  contains  castor  oil ;  6,  if  the  the  balsam  be  triturated  with  a 
little  of  the  common  magnesia  alba,  it  will  form  a  clear  solution,  from  which  acids 
dissolve  out  the  magnesia,  and  leave  the  oQ  transparent  if  it  be  pure,  but  opaque  if  it 
be  adulterated.  When  turpentine  is  employed  to  falsify  the  balsam,  the  fraud  is 
detected  by  the  smell  on  heating  the  compound. 

This  balsam  is  used  in  the  manufacture  of  some  varieties  of  tracing  paper  -  and 
many  lacquers  and  varnishes  have  the  balsam  of  copaiva  as  one  of  their  constituents 
A  peculiar  variety  of  copaiva  has  been  examined  by  Posselt,  but  it  does  not  appeal-  to 
have  become  an  article  of  commerce.  ippe.u  lo 

BALSAM,  MECCA.  (Baume  de  la  Mecque,  Baume  du  Judee,  Fr.)  Mecca 
balsam,  or  opobalsam  is  obtained  both  by  incisions  of,  and  by  boiling,  the  branches 

Efvnt"whlt..fr  "^''^'^  Srol  in  AfabSfFelL  and 

thf  iFkh  Z         !    n  t""^  ^^^""'^^      degrees  transparent,  yellow, 

tflw'      1  ^^^'^tually  solid.    Its  smell  is  peculiar,  but  agreeable;  t  tast;s  bittl,' 

sSed  s:";if^^^i.ss-:te?s^^^ 

LTw^t^^rL^inTriXs'^ThTtre^ 

imported  in  the  husk  of  the  cocoa-nut,  whence  ft  is  called  bin  J  ^  ''''''  '"'f 
brown,  transparent  only  in  thin  layers  of  tL  con  Lencf  of  ST  '"^"l-  " 
agreeable  smell,  an  acrid  and  bitter  laste  ;  formefof  two  mnt?pr    f  t"'-pent>ne,  an 
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talsam.  Stoltze  regards  it  as  formed  of  69  parts  of  a  peculiar  oil,  20-7  of  a  resin 
little  soluble  in  alcohol,  of  6-4  of  benzoic  acid,  of  0-6  of  extractive  matter,  and  0-9  of 

The  celebrated  Pomade  Divine,  which  was  a  few  years  since  very  celebrated,  con- 
tained a  considerable  quantity  of  the  balsam  of  Peru.  One  of  the  best  recipes  for  Us 
preparation  was  the  following : — 

Fine  olive  oil  18  ozs. 

Balsam  of  Peru  ^ 

Oris  root     -  6  drachms. 

Strained  storax  1  drachm. 

This  with  some  bruised  nutmegs  an'd  cinnamon,  was  macerated  in  a  water- bath  for 
three  hours,  and  then  filtered.  This  aromatic  oil  was  mixed  with  6  ozs.  of  white 
wax,  1  oz.  of  spermaceti ;  these  were  melted  together,  and  a  few  drops  of  the  essential 
oils  of  nutmegs,  cinnamon,  and  cloves  added.  .,.^,1.1  a 

A  French  authority  states  that,  dissolved  in  four  times  its  weight  of  alcohol  and 
spread  upon  sarsenet  already  covered  with  a  layer  of  isinglass,  it  formed  the  tajffetas 

o"ne1housand  parts  of  good  balsam  should,  by  its  benzoic  acid,  saturate  75  parts  of 
crystallised  carbonate  of  loda.    It  is  employed  as  a  perfume  for  pomatums,  tinctures 
lo  Jenges;  sealing-wax,  and  for  chocolate  and  liqueurs,  instead  of  vanilla,  when  this 

'^TvUo^LTo'^iS  who  basbeen  engaged  in  collecting  this  balsam  since  1836 
drives  the  following  as  the  process  used  by  the  Indians  to  obtam  it.  An  incision  is 
gives  the  /  or  three  inches  broad,  and  three  to  four  inches  long. 

below  -PemW.m^^^  ^^^^       ^^^^  „f  S,l^,d  (in 

The  British  Consul  thus  describes  its  production altogether  only 
In  the  district  of  ^^^ua^h^^^ 

n''^hV?o%'C  mS  thT  Stal  quantity  capable  of  being  produced  in  the 

iO^OO  Z    Wn  the  season 

s  ria^  oTttWfiSrry'tS       ;t  ^ 

£U  but  thfs  operation  ™iaM^^^^^^^^  ^  shaded 

The  Indians  employed  ^  ^"^'J^S  ^e  gum  say  ^^^^  ^^^^  ^.^^^ 

yield  a  greater  quantity;  ^^^^^^^^^^^^^  particularly  in  Calcutta,  where  a  con- 
most.  This  has  been  P7^^<l,,^J,ff P^^e^s^^H  have  been  so  planted.  During 
siderable  quantity  is  yearly  oozes  away  spontaneously.  This 

r  °^rSm°  is^cXXaTelw'r^^^^  -ighs  less  than  the 

otheVanfemiis  itons  odour;  is  volati^  and_pungent. 

Of  Balsam  of  Peru  we  imporlea,  in  ib.'jd  .  Computed  real  Valae 

-         543    -        -  :&10,215 
From  Central  America     -       -           •'^'^       _       .  ^30 
Honduras,  British  Settlement   -   504   

40,047  £10,345 
BALSAM  OF  TOLU.  ^^^^^^J^^^^ 

fresh  of  the  consistence  of  ^-P^^   ^k^^  L  soluble  in  alcohol  and  ether ; 

reddish  brittle  resmous  mass  of  a  ^^^^^pj^^^^  that  both  the  balsams  of  Pern 
affords,  with  water,  benzoic  acid.    «  ^PP^^J^     „y  ToIu  is  used  to  manufacture  Tolu 

and  of  Tolu  are  obtained  fjom  one  tree.             /  sometimes  employed  by 

lozenges,  and  the  Syrup  of  Tolu  Jr  ™^  f^rmvMion  of  funngatt,^ 
confectioners  to  flavour  sweetmeats,  by  peri 

pastiles.             ^    ,      _,      T„M„nischer  Rohr,  Germ.)    A  species  of  cane,  tnc 
BAMBOO.    iBambon,  Fr. ;  Indtaniscner  tiw  , 
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Bamhos  arundinacea  of  botanists.  A  most  important  vegetable  product  in  the  East, 
■where  it  is  used  m  the  construction  of  houses,  boats,  bridges,  &c.  Its  grain  is  used  for 
bread;  its  fibre  is  manufactured  into  paper. 

Walking  sticks  are  frequently  said  to  be  of  bamboo;  they  are  the  mian,  a  different 
plant. 

BANDANNA.  A  style  of  calico  printing,  in  -which  white  or  brightly-coloured 
spots  are  produced  upon  a  red  or  dark  gi-ound.  It  seems  to  have  been  practised  from 
time  immemorial  in  India,  by  binding  up  firmly  with  thread  those  points  of  the  cloth 
wiich  were  to  remain  white  or  yellow,  while  the  rest  of  the  surface  was  freely  sub- 
jected to  the  dyeing  operations. 

The  European  imitations  have  now  far  surpassed,  in  the  beauty  and  precision  of  the 
design,  the  oriental  patterns,  having  called  into  action  the  refined  resources  of  me- 
chanical and  chemical  science.  In  "Brande's  Journal"  for  July,  1823,  Dr.  Ure 
described  the  bandanna  gallery  of  Messrs.  Monteith  at  Glasgow,  which,  when  in  full 
action  some  years  ago,  might  be  reckoned  the  most  magnificent  and  profitable  printing 
establishment  in  the  world.  The  white  spots  were  produced  by  a  solution  of  chlorine, 
made  to  percolate  down  through  the  Tukrey  red  cotton  cloth,  in  certain  points  defined 
and  circumscribed  by  the  pressure  of  hollow  lead  types  in  plates,  in  a  hydraulic  press. 
Fig.  155  is  an  elevation  of  one  press  :  a,  the  tob  of  the  entablature;  b  b,  the  cheeks 

.1.57 


or  pillars  ;  c,  the  upper  block  for  fastenmg  the  upper  lead  perforated  pattern  to-  u 
the  lower  block  to  which  the  fellow  pattern  is  affixed,  and  which  moves  up  and  dowa 
with  the  piston  of  the  press  ;  e,  the  piston  or  ram  ;  f,  the  sole  or  base ;  of  the  wat^r 
trough  for  the  discharged  or  spotted  calico  to  fall  into  ;  h,  the  smaU  cis  ern  for  the 
aqueous  chlorme  or  liquor-metre,  with  glass  tubes  for  indicating  the  height  of  iLmr 
mside  the  cistern  ;  e  e,  g  ass  stopcocks,  for  admitting  the  liquor  into  tE  dstern  from 
the  general  reservoir;/y;  stopcocks  for  admitting  water  to  wash  out  the  ohlS 
the  pattern  lead-plates,  with  screws  for  setting  fhe  patterrpaX  to  eaT olh^f I 
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tn  m  projecting  angular  pieces  at  each  comer,  perforated  with  a  half-inch  hole  to 
receive  the  four  guide-pins  rising  from  the  lower  plate,  which  serve  to  secure  accuracy 
of  adjustment  between  the  two  faces  of  the  lead  pattern  plates  ;  h  h,  two  rollers,  which 
seize  and  pull  through  the  discharged  pieces,  and  deliver  them  into  the  water  trough. 
To  the  left  of  d  there  is  a  stopcock  for  filling  the  trough  with  water ;  I  is  the  waste 
tub  for  chlorine  liquor  and  water  of  washing.  The  contrivance  for  blowing  a  stream 
of  air  across  the  cloth  through  the  pattern  holes  is  not  represented  in  the  figure. 

Sixteen  engines,  similar  to  the  above,  each  possessing  the  power  of  pressing  with 
several  hundred  tons,  are  arranged  in  one  line,  in  subdivisions  of  four,  the  spaces 
between  each  subdivision  serving  as  passages  to  allow  the  workmen  to  go  readily  from 
the  front  to  the  back  of  the  presses.  Each  occupies  25  feet,  so  that  the  total  length 
of  the  apartment  is  100  feet.  .  ,    ,  ,      ,  .  n  jn  *i 

To  each  press  is  attached  a  pair  of  patterns  in  lead  (or  plates  as  they  are  called),  the 
manner  of  forming  which  will  be  described  in  the  sequel.  One  of  these  plates  is  fixed 
to  the  upper  block  of  the  press.  This  block  is  so  contrived  that  it  rests  upon  a  kmd 
of  universal  joint,  which  enables  this  plate  to  be  appUed  exactly  to  the  under  fellow- 
Dlate  The  latter  sits  on  the  movable  part  of  the  press,  commonly  called  the  sill. 
When  this  is  forced  up,  the  two  patterns  close  on  each  other  very  nicely  by  means  ot 
the  euide-pins  at  the  corners,  which  are  fitted  with  the  utmost  care. 

The  power  which  impels  this  great  hydrostatic  range  is  placed  m  a  separate  apart- 
ment called  the  machinery  room.  This  machinery  consists  of  two  press  cylmders  of 
^peculiar  construction,  having  solid  rams  accurately  fitted  to  them.  To  each  of  these 
cvh'nders  three  little  force-pumps,  worked  by  a  steam-engme,  are  connected. 
^The  piston  of  a  large  cylinder  is  eight  inches  in  diameter,  and  is  loaded  with  a  top 
weiSit  of  five  tons.  This  piston  can  be  made  to  rise  about  two  feet  through  a  leather 
weignt  °^  ^ '""''t,,  j^^il^^^  has  a  piston  of  only  one  inch  in  diameter,  which 
f:Si:.^  ^\t^i^^^^^^^  tonl    It  is  capV  like  the  other,  of  being 

""""itlXVeS^t^^^^^  lo-st  point,  four  of  the  six  smaU  force-pu^^^^ 

hupposmg  lue  p         steam-engine,  two  of  them  to  raise  the  large  piston,  and  two 
T  In  Hhort  ti'me  so^much  water  is  injected  into  the  cylinders  that  the 

in  order  to  remove  or  draw  through  tlie  cloth.  stretched  over  each 

From  12  to  14  pieces, of  cloth  P™^ly/y^,J J.^'^^^ret  p^^^^^^^  layers  are  then 
other  as  parallel  as  possible,  by  a  P^'f.^J'^",  ""^^g^  a  drum  This  cylinder  is  now 
rolled  round  a  wooden  cylinder  ca  led  by^he  ^^orkm^^^^^  J^^^  ^^^^^^ 

placed  in  its  proper  «it^^ti°n  at  the  back  o?  the^^^^^ 

of  cloth,  equal  to  the  area  of  the  plates,  is  ^he  valve  connected  with  the 

attached  to  the  two  corners     f^-^J'^.teJs^  the  press,  and  instantly 

eight-inch  driving  ^yli^^f'^^J^^'J^X  plate  with  its  cloth  close  to  the  upper  one. 
lifts  its  lower  block  so  as  to  apply  the  ^^^e^^^^^^^^^  ,e  of  five  tons  in  the  one- 

This  valve  is  then  shut  a'ld  ^^^°P^^^^^^        is^on  of  the  press,  which  is  eight 

tons  in  a  couple  of  seconds.         . ,     ^i^™  or  discharging  liquor  (aqueous  chlor.ne, 
The  next  step  is  to  admit       bkaching  or  b^j^^       ^.^^^  loth. 

obtained  by  adding  «^lpl^^"f^,^f,:i°  ^  a^^^^^  '''VZ 
This  liquor  is  contamed  m  a  l^Jg^^^'^*^'"' 'ached  to  the  presses,  which  cisterns  have 
at  pleasure  into  small  lead  "^^f      ^{^.''"S^^^     liquor  according  to  the  pattern 

ferVhe^t^^^^^^^^^  '''' 

fcasure-clster.  H,  the  Uc^i^^W  - 
upper  lead  plate,  whence  it  descends  on_^he  c  o  P^^  .^^^        ,^s  e 

in  its  passage  the  T^'^^^y-'^^l^yMock  As  soon  as  the  chlorine  hquor  has  passed 
pipe  from  a  groove  in  the  ."^^^l^^Xr  j^anner  to  wash  away  the  chlorine,  otherwise 
through,  water  is  admitted  in  a  similar  manni 


BARILLA. 


251 


upon  relaxing  the  pressure,  the  outline  of  the  figure  discharged  would  become  ragged. 
The  passao-e  of  the  discharge  liquor,  as  well  as  of  the  water  through  the  cloth,  is 
occasionally  aided  by  a  pneumatic  apparatus,  or  blowing  machine,  consisting  of  a 
large  gasometer  from  which  the  air,  subjected  to  a  moderate  pressure,  may  be  allowed 
to  issue  and  act,  in  the  direction  of  the  liquid,  upon  the  folds  of  the  cloth.  By  au 
occasional  twist  of  the  air  stopcock,  the  workman  also  can  ensure  the  equal  distribu- 
tion of  the  discharging  liquor  over  the  whole  excavations  in  the  upper  plate.  When 
the  demand  for  goods  is  very  brisk,  the  air  apparatus  is  much  employed,  as  it  enables 
the  workman  to  double  his  product. 

The  time  requisite  for  completing  the  discharging  process  in  the  first  press  is  suffi- 
cient to  enable  the  other  three  workmen  to  put  the  remaining  15  presses  in  play.  The 
discharger  proceeds  now  from  press  to  press,  admits  the  liquor,  the  air,  and  the  water; 
and  is  followed  at  a  proper  interval  by  the  assistants,  who  relax  the  press,  move  for  • 
wards  another  square  of  the  cloth,  and  then  restore  the  pressure.  Whenever  the  six- 
teenth press  has  been  liquored,  &c.,  it  is  time  to  open  the  first  press.  In  this  routine 
about  ten  minutes  are  employed  ;  that  is,  224  handkerchiefs  (16  x  14)  are  discharged 
every  ten  minutes.  The  whole  cloth  is  drawn  successively  forward,  to  be  successively 
treated  according  to  the  above  method. 

When  the  cloth  is  removed  from  the  press  it  is  passed  between  the  two  rollers  in  front, 
from  which  it  faUs  into  a  trough  of  water  placed  below.  It  is  finally  carried  oS  to 
the  washing  and  bleaching  department,  where  the  lustre  of  both  the  white  and  the  red 
is  considerably  brightened. 

By  the  above  arrangement  of  presses,  1600  pieces,  consisting  of  12  yards  each  = 
19,200  yards,  are  converted  into  bandannas  in  the  space  of  ten  hours,  by  the  labour  of 
four  workmen. 

The  patterns,  or  plates,  which  are  put  into  the  presses  to  determine  the  white 
figures  on  the  cloth,  are  made  of  lead  in  the  following  way : — A  trellis  frame  of  cast 
iron,  one  inch  thick,  with  turned-up  edges,  forming  a  trough  rather  larger  than  the 
intended  lead  pattern,  is  used  as  the  solid  groundwork.  Into  this  trough  a  lead  plate, 
about  one  half-inch  thick,  is  firmly  fixed  by  screw-nails  passing  up  from  below.  To 
the  edges  of  this  lead  plate  the  borders  of  the  piece  of  sheet  lead  are  soldered,  which 
covers  the  whole  outer  surface  of  the  iron  frame.  Thus  a  strong  trough  is  formed, 
one  inch  deep.  The  upright  border  gives  at  once  great  strength  to  the  plate  and 
serves  to  confine  the  liquor.  A  thin  sheet  of  lead  is  now  laid  on  the  thick  lead  plate, 
in  the  manner  of  a  veneer  on  toilette  tables,  and  is  soldered  to  it  round  the  edges. 
Both  sheets  must  be  made  very  smooth  beforehand,  by  hammering  them  on  a  smooth 
stone  table,  and  then  finishing  with  a  plane  ;  the  surface  of  the  thin  sheet  (now 
attached)  is  to  be  covered  with  drawing  paper,  pasted  on,  and  upon  this  the  pattern  is 
drawn.  It  is  now  ready  for  the  cutter.  The  first  thing  which  he  does  is  to  fix  down 
with  brass  pins  all  the  parts  of  the  pattern  which  are  to  be  left  solid.  He  now  pro- 
ceeds with  the  little  tools  generally  used  by  block-cutters,  which  are  fitted  to  the 
different  curvatures  of  the  pattern,  and  he  cuts  perpendicularly  quite  through  the  thin 
sheet.  The  pieces  thus  detached  are  easily  lifted  out,  and  thus  the  channels  are 
formed  which  design  the  white  figures  on  the  red  cloth.  At  the  bottom  of  the  chan- 
nels a  sufficient  number  of  small  perforations  are  made  through  the  thicker  sheet  lead 
so  that  the  discharging  liquor  may  have  free  ingress  and  egress.  Thus  one  plate  is 
finished,  from  which  an  impression  is  taken  in  the  hydrostatic  press,  by  means  of 
printers  ink,  on  paper  pasted  upon  another  plate.  Each  pair  of  plates  constitutes  a 
set  which  may  be  put  into  presses  and  removed  at  pleasure. 

BANDOLINE,  called  also  clysphitique  and  fixature,  a  mucilage  of  Carraeeen 
moss;  used  for  stiffening  the  hair  and  keeping  it  in  order. 

BARBARY  GUM.  Sometimes  caUed  Morocco  gum.  The  product  of  the  Acacia 
gummifera.    Imported  from  Tripoli,  Barbary,  and  Morocco.    See  Arabic,  Gum. 

BARBERRY,    (fierberris,  h^U  Epine-vinette,YT.)    It  is  probable  that  this  name 

^fvPnT-f^'r  'P'"'"''  The  name  Oxycanthus,  also 

given  to  it,  indicates  a  like  origm.  ' 

The  barberry  is  a  shrubby  plant,  common  in  hedges  in  England;  sometimes  called 
the  pipperidge  bush.  The  berries  are  used  in  houtewifery.  ^  The  rooroHhL  Sant 
contains  a  yellow  coloviring  matter  which  is  soluble  in  water  and  alcohol  and  k 
rendered  brown  by  alkahs.    The  solution  is  employed  in  the  manufacture  of  moroto 

BARILLA.  (Soude,Bar{Ue,  Fr.;  Barilla,  Germ.)  A  crude  soda  nrocured  W  th^ 
incineration  of  the  sahola  soda,  a  plant  cultivated  for  this  purpose  Fn  Spab  sfoHv 
Sardinia,  and  the  Canary  Islands.  In  Alicante  the  plants  are  raised  f^mS  which 
is  own  at  the  close  of  the  year,  and  they  are  usually  fit  to  be  gatheredTn  Set.tJ^S 
following.  In  October  the  plants  are  usually  burned  For  thtrnnrn^L^^ 
made  in  the  earth,  capable  of^ontaining  a  ton'or  a  tol'and  JhSf  oHo^a"  frt\:" 
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are  laid  across  these  cavities,  and  the  dried  plants,  sftatified  -with  dry  seeds,  are 
placed  upon  them.  The  -whole  is  set  on  fire.  The  alliali  contained  m  the  plants  is 
fused,  and  it  flows  into  the  cavity  beneath,  a  red-hot  fluid.  By  constantly  heaping  on 
plants,  the  burning  is  continued  until  the  pits  are  full  of  barilla  ;  they  are  then  covered 
up  with  earth,  and  allowed  to  cool  gradually.  The  spongy  mass  of  alkali,  when 
sufiBciently  cold  is  broken  out,  and,  without  any  further  preparation,  it  is  ready  for 
shipment  Good  bariUa  usually  contains,  according  to  Dr.  Ure's  analysis,  20  per 
cent  of  real  alkali,  associated  with  muriates  and  sulphates,  chiefly  of  soda,  some 
lime  and  alumina,  with  very  Uttle  sulphur.  Caustic  leys  made  from  it  were  formerly 
used  in  the  finishing  process  of  the  hard  soap  manufacture.  ^  t   t,,  . 

The  manufacture  of  barilla  has  greatly  declined  since  the  introduction  of  Le  Blanc  s 
process  for  artificially  manufacturing  soda  from  common  salt 

The  quantity  of  barilla  and  alkali  imported  in  1850  amounted  to  34,880  cwts.,  and 
in  1851  to  45,740  cwts.;  in  1856  the  Importation  was  54,608  cwts. 

BARIUM.  (From  Baphs,  heavy.^  The  metaUic  basis  of  the  earth  baryta  was 
obtained  by  Davy,  in  1808,  by  the  voltaic  decomposition  of  the  moistened  carbonate 
of  baryta  in  contact  with  mercury.  It  may  likewise  be  procured  by  passmg  potassium 
in  vapour  over  baryta  heated  to  redness  in  an  iron  tube,  and  afterwards  withdrawing 
the  reduced  barium  which  the  residuum  contains,  by  means  of  mercury.  Ihe  latter 
metal  is  separated  by  distillation  in  a  glass  retort,  care  bemg  taken  not  to  raise  the 
temperature  to  redness,  for  the  barium  then  decomposes  glass.  ^t,       -i  f 

Barium  is  a  white  metal,  like  silver,  fusible  under  a  red  heat,  denser  than  oil  of 
vitriol,  in  which  it  sinks. —  Graham.  „,    ,  i  *„  „„„ 

BARK.  The  outer  rind  of  plants.  Many  varieties  of  barks  are  known  to  com- 
merce but  the  term  is  especially  used  to  express  either  Peruvian  or  Jesuits  bark,  a 
JLrlceutical  remedy,  or  OakW,  which  is  very  extensively  used  by  tanners  and 
dyers. 

The  varieties  known  in  commerce  are  :  — 

CorkBabk.    {Yt.  Liege;  Kork,  Garm.) 
OakBaek.    (Tan  brut,  ¥t.;  Eichenrinde,  i^erm.) 
Pbbuvian  Bark.    {Quinquina,  Fr.;  Chinarmde,  Germ.) 
Quercitron  Bark. 
Wattle  Bark. 

ll^eSwtgterT^^^^^^^^^  for  1856  of  bark  for  tanners'  or  dyers'  use 

Computed 

Cwts  Real  Value. 

2  719    -        -  ^680 
rrom  Norway       -      -      "       "       t'ooo    .       -  802 
„     Hanse  Towns       -       -       -       3.209    _  _ 

"     ?f  ■       "  147  711    -       -      36  928 

„    Belgium      -       -       -  147711    _      _  ^^^^^ 

„  France        -  '  _  .  6,880 

„  Tuscany      -  -  -  "  21,169  _  _  .^^^ 

„  Two  Sicilies-  -  -•  -  2,250  _  _  g^g^^ 

„  Morocco      -  -  -  -  '  _  .  35996 

„  United  States  -  -  -  ",593  _  _  ^, 

Austraha     -       -       "       "    .  .       .  '224 


Other  parts 


354,168  £118,763 

and  of  Peruvian  bark,  we 


The  quantity  m;.or*erf  in  1857  being  381,243  cwts.; 

imported,  in  1 856  :  -  H^eTvalue, 

1  370  -  -  15,484 

From  Hanse  Towns       -       -      -        '  _  _      gg  938 

„     United  States       -       -       -       °'  .  .  i67,335 

„    New  Granada      -       "       -     ^^'^g^  .  .  59,099 

„     Peru    -       -       -       *       ■        '970  -  -  10,955 


Other  parts  - 


27,598  311,861 
Linley  :  natural  order,  Grammacem. 
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There  are  four  species  of  barley  cultivated  in  this  country  :  — 

1.  Hordeum  hexastichon.    Six- rowed  barley. 

2.  Hordeum  vulgare.    The  Scotch  here  or  bigg ;  the  four-rowed  barley. 

3.  Hordeum  zeocriton.    Putney,  fan,  sprat,  or  battledore  barley. 

4.  Hordeum  distichon.  .  Two-rowed  or  long-eared  barley. 

Barley  and  oats  are  the  cereals  whose  cultivation  extends  farthest  north  in  Europe. 

The  specific  gravity  of  English  barley  varies  from  1-25  to  1-33  ;  of  bigg  from  1-227 
to  1-265  ;  the  weight  of  the  husk  of  barley  is  ^,  that  of  bigg  Specific  gravity  of 
barley  is  1-235,  by  Dr.  Ure's  trials.  1000  parts  of  barley  flour  contain,  according  to 
Einhof,  720  of  starch,  56  sugar,  50  mucilage,  36-6  gluten,  12-3  vegetable  albumen, 
100  water,  2-5  phosphate  of  lime,  68  fibrous  or  ligneous  matter. 

From  the  examination  instituted  by  the  Royal  Agricultural  Society  of  England, 
and  carried  out  under  the  directions  of  Messrs.  Way  and  Ogston,  the  following  results 
have  been  arrived  at :  — 


Kind  of  Barley  employed. 

Moisture  in 
100  Parts  of 
Grain. 

Specific 
Gravity  of 
Grains. 

Ash  in 
100  Parts  of 
dried  Grain. 

Unknown  ------- 

Chevalier  barley       -       -       -       -  - 

Ditto  

Ditto,  from  Moldavia     -      -      -  - 

Ditto  

Grains  of  Chevalier  barley  -      -      -  - 

12-00 

10-  00 
16-00 

11-  00 
16-00 
15-00 

1-260 
1-234 
1-268 

2-43 
2-50 
2-82 
2-38 
2-75 
14-23 

The  analyses  of  several  varieties  gave  as  the  composition  of  the  ashes  of  the  grains 
of  barley :  — 


Unknown, 

Chevalier 
Barley. 

From 
Moldavia. 

Chevalier 
Barley. 

Potash    -       -       .       .  . 

Soda  

Lime       -       -       -       -  - 
Magnesia        -       -       -  . 
Sesquioxide  of  iron  -       -  . 
Sulphuric  acid  -       -       -  . 
Silica      -       -       -       .  - 
Phosphoric  acid       -       -  _ 
Chloride  of  sodium  -       -  . 

21-14 

1-  65 
7-26 

2-  13 
1-91 

30-68 
28-53 
1-01 

20-77 
4-56 
1-48 
7-45 
0-51 
0-79 
32-73 
31-69 

37-55 
1-06 
1-21 

10-17 
1-02 

0-  27 
24-56 
28-64 

1-  47 

7-70 

0-  36 
10-36 

1-  26 

1-  46 

2-  99 
70-77 

1-99 
1-10 

So?Jn?h  /  P/^T,  Vegetab  e  Products  of  Scotland,"  by  Peter  Lawson  and 
Son,  ^ill  be  found  the  best  description  of  all  the  different  varieties  of  barley  -  and 
since  the  Lawsonian  coUection  is  in  the  museum  of  the  Royal  Botanic  Gardens  at 
Kew,  the  grains  can  be  exam  ned  readUy  by  aU  who  take  any  interest  in  the  suWect 
A  few  only  of  the  vaneties  will  be  noticed.  suoject. 
barW  ^^'?^^-r'>'"^<^  Barley,  known  also  as  Pomeranian  and  as  six-rowed  white  winter 
?ranc';~aS  airin°tv!  "''''7'  ""^^  ^^'-^^  ^""^  P''°^fi'>-  occasionally  sown  in 

':^^:::Lti:i:^^^^^^^  -----  aL  spnng 

per  bushel.  ^      °^  ^'^  P'^"  weighing  as  much  as  96  lbs 

nalT;lll:T}^ll7^^^^^  f%^r  «""te;old  Scottish  four-ro^ed ^ 

districts,  and  with  varyi'ng  Sies.  '  ^""^  ^^'°''-^''ked ;  cultivated  in  various 
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The  Quantities  of  Barleij  sold  in  the  English  Markets. 


1851. 

1852. 

1853. 

1854. 

1855. 

1856. 



January  - 

February 

March 

April 

May 

June 

July 

August  - 
September 
October  - 

369,786 
335,549 

596,926 
323,329 

475,257 
324,142 

392,100 
306,035 

385,364 
347,303 

443,963 
361,853 

281,587 

221,027 

259,161 

223,865 

325,077 

352,007 

139,700 

124,804 

157,232 

159,798 

165,463 

192,528 

66,154 

73,053 

50,872 

62,657 

94,501 

92,232 

15,914 

16,886 

14,783 

17,713 

49,406 

18,842 

8,879 
10,193 

7,988 
7,009 

9,667 
7,285 

1 5,308 
8,027 

OO  OfiA 
Jo, ^00 

22,529 

13,537 

26,562 

30,317 

19,805 

28,546 

33,313 

73,408 

175,914 

243,134 

282,568 

165,520 

191,196 

November 

434,683 

391,129 

373,579 

323,435 

349,934 

460,691 

December 

468,789 

453,885 

499,855 

564,993 

621,510 

409,366 

The  year 

2,333,710 

2,389,489 

2,474,246 

2,267,997 

2,608,862 

2,678,936 

BARM  (Derived  from  the  Saxon  beorm;  or  from  beer-rahm,  beer-cream.)  The 
yeasty  top  of  fermenting  beer.  It  is  used  as  leaven  in  bread,  and  to  establish  fer- 
mentation in  liquors.    See  Beer,  Fermentation.  „    ,  .  , 

BARREGE  A  woollen  fabric,  in  both  warp  and  woof,  which  takes  its  name 
from  the  district  in  which  it  was  first  manufactured  _  the  especial  locality  bemg  a 
littte  village  named  Arosons,  in  the  beautiful  valley  of  Barrages.  It  was  first  em- 
Xyed  as  fn  ornament  for  the  head,  especially  for  sacred  ceremonies,  as  baptism  and 
marrLe  Paris  subsequently  became  celebrated  for  its  barrages,  but  these  were 
Jne"aUy  woven  with  a\arp  of  silk.    Enormous  quantities  of  cheap  barreges  are 

""S^RtEli'''  f/awf  Fr.rTround  vessel,  or  cask,  of  greater  length  than  breadth, 
made  of  staves,  and  hooped. 

The  English  barrel  — wine  measure  contains  31^  gaUons. 

(old)  beer,,        „      36  „ 
"  (old)  ale   „        »      32  „ 

"  beer  vinegar       „      34  „ 

"  contains  126  Paris  pints. 

The  ale  and  beer  barrels  were  equaUsed  to  34  gallons  by  a  statute  of  William  and 
mS    Thewrne  gaUon,  by  a  statute  of  Anne,  was  declared  to  be  231  cubic  mches ; 
the  beer  gallon  bein|  usually  reckoned  as  282  cubic  inches. 
The  imperial  gaUon  is  277-274  cubic  mches. 
The  old  barrels  now  in  use  are  as  follows  :  — 

Wine  barrel  

Ale       „    (London)       -       -  " 
Beer  „ 

Ale  and  beer,  for  England 

S  .....e  barrel  »t  .fS^t »  228  lb.,  .et.  ^ight 

A  barrel  of  Essex  butter  is  106  lbs 

A  barrel  of  Suffolk  ^^^"er  is  256  lbs 

A  barrel  of  herrings  should  hold  1000  lisn. 

A  barrel  of  salmon  should  measure  42  gallons.  ;    ortant  instruments  of 

BAROMETER.    A  name  given  _ the  column  of  mercury  ni 

meteorology.  This  name  IZf  lAX^Znli  lUnsi  the  weight  of  a  column  of 
the  tube  of  the  barometer  ^^"'.g  ^^^.^^"L'i  ^^^^^^  of  the  earth  to  the  extreme  luu.ts 
air  of  the  same  diameter,  f  ^^^ing  ^rom  tbe^ur^^^^^  nevermore  than  thirty- 

of  the  atmosphere.  The  l^.^^f ^ /^Jf'  r'Tccording  to  conditions,  through  several 
one  inches ;  below  that  pomt  it  may  vary,  accor  „ 

inclies.  „  ,  „„„,:.ations  of  the  barometer,  but  the  only  one  with 

There  have  been  many  ^^sf  ^^l/PP'^^f the  foUowing  :  — 
Which  this  dictionary  has  to  deal  appears  to  be  the  touowing 


26 J  imperial  gallons. 

33i 
36i 
34i| 
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Barometer,  Mackworth's  Underground.  —  In  the  goafs,  or  old  workings,  of  some 
mines  hollows  exist,  in  which  explosive  or  noxious  gases  tend  to  accumulate  in  con- 
siderable quantity.  When  the  barometer  faUs,  these  gases  expand  and  approach  or 
enter  the  working  places  of  the  mine,  producing  disastrous  results  to  life  or  health . 
To  enable  the  manager  of  a  mine  to  foresee  these  contingencies,  he  has  but  to  con- 
struct a  small  model  of  such  a  cavity,  and  let  the  expansion  or  contraction  of  the  gas 
measure  itself.  Iry  fig.  1 56  A,  is  a  brass  vessel,  12  inches  long  and  1^  inches  in  diameter. 
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closed  at  each  end.  In  one  end  is  inserted  a  copper  tube,  Jth  inch  in  diameter  and 
12  feet  long,  b.  A  hole,  2  inches  in  diameter,  being  bored  12  feet  deep  into  the  solid 
coal  or  rock,  the  brass  vessel  is  pushed  to  the  bottom  of  it,  and  the  small  tube  is 
closely  packed  round  with  coal  or  clay,  c  is  a  glass  tube,  4  feet  long  and  ^th  inch  in 
diameter,  in  which  is  placed  water  or  oil.  As  the  external  atmosphere  presses,  the 
surface  of  the  liquid  rises  or  falls,  and  the  scale  is  graduated  by  comparison  with  a 
standard  barometer.  The  air  contained  in  the  brass  vessel  a,  and  copper  tube  b,  is 
unaffected,  or  nearly  so,  by  temperature,  and  no  correction  has  to  be  made  for  the 
latter  as  in  the  sympiesometer.  a  and  b  may  be  conveniently  filled  with  nitrogen,  to 
prevent  the  oxidation  of  the  metal ;  and  the  surface  of  the  liquid  in  the  glass  tube  may 
be  made  self-registering,  either  giving  maxima  and  minima,  or,  by  the  addition  of 
clockwork,  taking  diagrams  on  paper. 

BARWOOD.  Although  distinctions  are  made  between  sandal  or  saunders  wood, 
camwood,  and  barwood,  they  appear  to  be  very  nearly  allied  to  each  other — at  least, 
the  colouring  matter  is  of  the  same  composition.  They  come,  however,  from  different 
places.    See  Cam-wood  and  Sandax  Wood. 

MM.  Girardin  and  Prcisser  thus  describe  this  wood  :— 

This  wood,  in  the  state  of  a  coarse  powder,  is  of  a  bright  red  colour,  without  any 
odour  or  smell.    It  imparts  scarcely  any  colour  to  the  saliva. 

Cold  water,  in  contact  with  this  powder,  only  acquires  a  fawn  tint  after  five  days' 
maceration.  100  parts  of  water  only  dissolve  2-21  of  substances  consisting  of  0-85 
colouring  matter  and  of  1-36  saline  compounds.  Boiling  water  becomes  more 
strongly  coloured  of  a  reddish  yellow ;  but,  on  cooling,  it  deposits  a  part  of  the 
colouring  principle  in  the  form  of  a  red  powder.  100  parts  of  water  at  212°  dissolve 
8-86  of  substances  consisting  of  7-24  colouring  principle,  and  1-62  salts,  especially 
sulphates  and  chlorides.  On  macerating  the  powder  in  strong  alcohol,  the  liquid 
almost  immediately  acquires  a  very  dark  vinous  red  colour.  To  remove  the  whole  of 
the  colour  from  fifteen  grains  of  this  powder,  it  was  necessary  to  treat  it  several 
times  withboiUng  alcohol.  The  alcohoUc  liquid  contained  0-23  of  colouring  prin- 
ciple and  0-004  of  salt.  Barwood  contains,  therefore,  23  per  cent  of  red  colourinff 
matter  ;  whilst  saunders  wood,  according  to  PeUetier,  only  contains  16-75. 

ihe  alcoholic  solution  behaves  in  the  foUowing  manner  towards  re-agents  :— 

DistiUed  water  added  in  great  quantity-  Produces  a  considerable  yeUow  opales- 
cence. The  precipitate  is  re-dissolved 
by  the  fixed  alkalis,  and  the  liquor  ac- 

•p-  „j  quires  a  dark  vinous  colour. 

SSfwlS       :      :      :      -      -    T«rnltdark  crimson,,.,  dark  ,iol.,. 

l:lSS.S,a;,,en  :  :  : 

?i.VeV.. :  :  :  :  :  SSSgSi 
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Acetate  of  lead  -----    Dark  violet  gelatinous  precipitate. 
Salts  of  the  protoxide  of  iron      -       -    Very  abundant  violet  precipitates. 
Copper  salts       -----     Violet-brown  gelatinous  precipitates. 
Chloride  of  mercury  -       -       -      -    An  abundant  precipitate  of  a  brick-red 

colour. 

Nitrate  of  bismuth      .      -       -       -    Gives  a  light  and  brilUant  crimson  red. 

Sulphate  of  zinc  Bright  red  flocculent  precipitate. 

Tartar  emetic  abundant  precipitate  of  a  dark  cherry 

colour. 

Neutral  salts  of  potash       -       -      -    Acts  like  pure  -water. 

Water  of  barytes        .       .      -       -    Dark  violet-brown  precipitate. 

Gelatine     ------    Brownish-yello-w  ochrous  precipitate. 

Chlorine  Brings  back  the  liquor  to  a  light  yellow, 

with  a  slight  yellowish-brown  precipitate, 
resembling  hydrated  peroxide  of  iron. 

Pyroxylic  spirit  acts  on  barwood  like  alcohol,  and  the  strongly  coloured  solution 
behaves  similarly  towards  re-agents.  Hydrated  ether  almost  immediately  acquires 
an  orange-red  tint,  rather  paler  than  that  with  alcohol.  It  dissoves  19-47  per  cent, 
colouring  principle.  Ammonia,  potash,  and  soda,  in  contact  with  powdered  barwood, 
assume  an  extremely  dark  violet-red  colour.  These  solutions,  neutralised  with 
hvdrochloric  acid,  deposit  the  colouring  matter  in  the  form  of  a  dark  reddish-brown 
powder.    Acetic  acid  becomes  of  a  dark-red  colour,  as  with  saunders  wooi. 

Barwood  is  but  slightly  soluble  ;  but  the  difficulty  arising  from  its  shght  solubdity 
is  according  to  Mr.  Napier,  overcome  by  the  foUowing  very  mgenious  arrangement : 
^  The  colouring  matter  while  hot  combines  easily  with  the  proto-compounds  of  tin 
formbg  an  insoluble  rich  red  colour.  The  goods  to  be  dyed  are  impregnated  with 
proTo  chloride  of  tin  combined  with  sumach.  The  proper  proportion  of  barwood  for 
fhfcoC  wanted  is  put  into  a  boiler  with  water,  and  brought  to  boil.  The  goods 
IhL  impreSited  are  put  into  this  boiling  water  contammg  the  rasped  wood,  and 
the  sman  pOTt  on  of  colouring  matter  dissolved  in  the  water  is  mimediately  taken  up 
Iv  the  goods  The  water,  thus  exhausted,  dissolves  a  new  por  ion  of  colouring 
matter  which  is  again  taken  up  by  the  goods,  and  so  on  till  the  tin  upon  the  cloth 
has  become  (if  we  may  so  term  it)  saturated.    The  colour  is  then  at  its  brightest  and 

"''fnlsS'the  quantity  of  barwood  imported,  duty  free,  was  2710  tons. 

Of  tSe  barwoTd  imported,  227  tons  were  re-e.ported ;  the  computed  real  value 

^'^B ARYT A  o?  BARYTES.    (Baryte,  Fr.)    One  of  the  simple  earths^   It  may  be 

S^tjss         ^^^^  ;ur; 

viofently -hen  sprinkled  -^^^^^^^^  of 
hydrate  of  ^^ryta,  which  contains  10  per  c^^^^^  ^  ^^^^^^ 

boiling  water.    This  solution  lets  fall  ab^dant  coi um         y  j.^  ^^^^^^  ^ 

as  it  cools ;  bat  it  still  '"ef  .^"^^Xi^ef  pe^ c  nt  of^a^  by  drying,  they 

water.    The  above  crystals  ^^oi^tain  61  per  cent  o^J  , 

lose  50  parts.  This  hydrate  may  be  ^"^^'i.^J^^Jt^^ffi^ity  for  sulphuric  acid,  and  is 
water.    Of  all  the  bases,  baryta  stronges^t^a^^  .^^  ^^^^^^^^ 

hence  employed -either  m  the  Btate  of  the  above  water  o     ^^^^^^.^^  ^ 

svc^p^eSr^^^^^^^^        '  -  p^'-  ''''-''^ 

'"bIrYTA  carbonate  of.  The  composition  of  the  nf  ve  -^^^^^^^^  of 
bafyt  m\y  be  regarded  as  baryta  77-59  and  e-J~^^^^  of 
Shropshire,  Cumberland.  Westmoreland   and  ^ortbumDe         ^^^^^^  ^^^^^  ^ 

used  in  the  preparation  of  beet-root  sugar.  ^^^^^  Cwt.. 

Alston  Moor  produced,  in  1°-^"  -  ,       .    1045  18 

Fallowfield  (Northumbor'and)  ditto  - 
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B  AEYTA,  SULPHATE  OF.  The  baryte  of  Brooke  and  MiUer,  barytes  of  Dana 
and  Phillips,  Bolognian  spar,  called  also  "  cawk"  and  "heavy  spar."  It  is  composed 
of  baryta  G5'63,  sulphuric  acid  34'37,  with  sometimes  a  little  iron,  lime,  or  silica. 

This  salt  of  baryta  is  very  extensively  spread  over  various  parts  of  the  islands.  It 
is  worked  largely  in  Derbyshire,  Yorkshire,  Shropshire,  and  the  Isle  of  Arran.  In 
1856  the  production  was  as  follows.  From 

Tons. 

Derbyshire      -  8000 
Shropshire       -  laoO 
Bantry  (Ireland)  700 
Isle  of  Arran  550 
Kirkcudbright         -       --       --  -.70 

It  might  be  obtained  in  very  large  quantities  in  Devonshire,  Cornwall,  and  other 
places,  if  the  demand  for  it  sufficiently  increased  the  price  so  as  to  render  the  working 
of  It  profitable.  A  large  quantity  of  the  ground  sulphate  of  baryta  is  employed 
m  the  adulteration  of  white  lead.  Paint  containing  much  barytes  very  soon  washes 
off  the  surface  upon  which  it  is  spread.  Lead  combines  with  the  oil,  and  forms  indeed 
a  plaster.  No  such  combination  takes  place  between  the  oil  and  the  baryta  hence 
they  soon  separate  by  the  action  of  water.  Baryta  is  employed  to  some  extent  in  the 
pyrotechnic  art,  in  the  production  of  flames  of  a  greenish  character. 
In  1836,  we  imported — 

Baryta,  sulphate  (ground)        -       -       _       .       .  494^" 
And  in  the  same  year  we  exported — 

Barytes  (sulphate  and  carbonate)      -    6^751  -  ^^'^^£\2li5^' 
BASALT.    One  of  the  most  common  varieties  of  trap  rock.    It  is  a  'dark  ereen 
or  black  stone  composed  of  augite  and  felspar,  very  compact  in  texture,  and  of  con- 

r*^"''"'  ^r??  '°  "S'^^^''  P'"^'-^  °f  ^^••ee  or  more  sides,  caHed 

"basaltic  columns."    Eemarkable  examples  of  this  kind  are  seen  at  the  Giant's  Cause 
way,  m  Ireland,  and  at  Fingal's  Cave,  in  Staffa,  one  of  the  Hebrides     The  term  i^ 

Thp  7  T'"^'  '^"^  ^""^  Ethiopian  word  signifying  iron 

The  rock  sometimes  contams  much  iron.-LyeWs  Principles  of  Geoloo,/  Exoer^" 
ments  have  been  made  on  a  large  scale  to  apply  basaltic  rock,  after  if  ks  under 
gone  fusion,  to  decorative  and  ornamental  purposes.  Messrs.  Chance  brothers)  of 
Birmingham,  have  adopted  the  process  of  melting  the  Rowley  ra^  a  bSic  rocl 
forming  the  plateau  of  the  Eowley  hills,  near  Dudley,  South  slaffofdshire  and  tht 
casting  1  into  moulds  for  architectural  ornaments,  tiles  for  pavements  &c  '  mt  onW 
Sd  Thrmf'ti"',  f^^^l'^g-^'^^t-e.  whinston'e,  or  any'  simTr  mteValfmay^^ 
used.    The  material  is  melted  m  a  reverberatory  furnace,  and  when  in  a  suffioipntw 

weight  of  nitric  acid,  it  affords  nearly  23  per  cent  of  fts  Jj^l  t       •  ^T^^ 
much  more  than  is  obtainable  from^  gum  Labic  or  ch  Jr7trp     ^"'''^  ^^ing 
very  soluble  in  water  slightly  acidulatid  witHtic  or  murTai  c  a^^^^^  f 
is  procured  by  soaking  gum  Bassora  in  a  great  q^andtv  of  I'm  P^"^^^P}^ 
^.moving,  by  a  filter.  aU  the  soluble  parts,  ^^er^^:^/ rl:^^ ^r^t^noTs 

by  civilised  or  savage  races.  ^  P^'*  °^      ^lohe,  whether  inhabited 

Basket-making  requires  no  description  here 
Importations  : — 

nf.v  "  "  baskets     -       -      ".  i7fi'?,n    u'-'  r  " 

Ofthese  152,777  cubic  feet  were  from  France  176.730  cubic  feet  ,.  37,580 

vol.  I.  g 
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11  K  TIT  ■M-T?T  AT  oAnskt.!  of  3  oz.  of  zinc  to  1  lb.  of  copper.  — See  Brass. 
StraS   1  B^LTr     5^^^^^^^^  The  in.povtance  attached  by  the  Greeks 

B  A 1  Hh.    (.  oa  ns,  i.  r. '  '      tjegted  by  tlie  remains  of  magnificent  structures 

fresco-painting  and  sculp^^^^^  ,,,3,  thousand  people 

It  IS  computed  thatinU^e  bat  ^  of  temperature,  to  suit  their 

•  "tfna^^nr  It  Tar^^^^^^^        baths  were,  however,  almost  exclusively  m  use 

under  the  Emperors.  Meca;nas  was  the  first  to  erect  warm  and 

Durmg  he  Re^ubl  c  tb^J^ths  w  ^^^^^^         ^^^^  ^^^^ 

Tldls'^  wt  regulated  the  temperature,  enforced  cleanliness  in  the  establish- 
rn;Ult^e;and£oru^^^^^^^^^^^^ 

£      -  tiTStt.^ -^^^^ 

to  the  baths  at  particular  hours,  ^"f eases  of  s^  whereas 
SSaS  ^^Z:S^  the  whoi;  day,  but 

a^lrtrb^used  through  ^^^e^t  in  the  g..at  heats  of  ^ 

It  was  a  common  practice  ^i'Vp^^^ ^       use  of  the  bath  even  after 
cularly  before  supper  :  some  of  the  l'*^.^""";^^^^^    ^to  ^ere  in  the  habit  of 

this  meal.    We  are  told  of  -"^^^^  ^f/XSng  constituted  a  part  of  public 

bathing  four,  or  five,  Hke  thim,  was  prohibited  when  the 

rejoicings,  equally  w.th  the  ^J'^^.^^P^'^^^^J^^l^i  the  emperors 

country  -^^--1  "^-^^^.^^f  and  il  xa^^^^^^  Severus,  were  occasionally  seen 

themselves,  such  as  Titu^  f  d    "  an^_^^^^^  ^^^^^^  ^^^^^^^^^  ^^^^ 

rn"f  ^£S:-^^^^'^^^~t^,,  and  they  are  now  cons. 
W.i  m  talhs  toe  come  into  vei  y  S™' "  ^  ,  ■     „,g„it„de.  as  al.o  in 

dered  a,  i"^?"^''?;'^""' '°  "'i  Te  mode  oHon-trucUae  bad,.,  aad  of  ob- 
£i°rn":V;»Pp'B:rA.»deoYdr.e>.,has.ade,goae„^ 

''$.?L;2r;ro?i?»r:«b.a,e. 

1.  The  materials  of  which  they  are  constructed. 

2.  Their  situation. 

3.  The  supply  of  cold  water. 

4  The  supply  of  hot  water. 

5  Minor  comforts  and  conveniences. 

,  A.  to  the  matJrials  of  which  they  a.  c— -  -  ^  the.  the  best  a.  sUbs 

of  polished  marble,  properly  ^^'i,^,^?^  ^^J^d  at  thdr  respective  edges.  These,  when 
.vooden  case,  and  neatly        ^arefuUy  um^^  and^greeable-looking  bath,  but 

originally  well  constructed,  form  ^  "^J^f'^' ^^^^^  weight  may  prove  m- 

the  expense  is  often  objectionabk  and^  m  upper  chain  , 

convenient.  If  of  white  "^-/J^^f^t^.S'/'t  cleansed  ;  so  that  large  Dutch  tiles  as 
coloured  by  frequent  use,  and  cannot  eas  y  sometimes  substitu  ed. 

durable  than  the  latter.  f  ^^e  house  in  which  it  is  to  be 

substances  mechanically  suspended  m  it. 
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4,  and  5 — In  public  bathing  establishments,  where  numerous  and  constant  baths 
are  required,  the  most  effective  means  of  obtaining  hot  water  for  their  supply  are  now 
employed.  It  is  drawu  directly  into  the  baths  from  a  large  boiler,  placed  somewhere 
above  their  level.  The  hot  water  enters  the  bath  by  a  pipe  at  least  an  inch  and  a 
half  in  diameter,  and  the  cold  water  by  one  of  the  same  dimension.  The  relative 
proportions  of  the  hot  and  cold  water  are,  of  course,  to  be  adjusted  by  a  thermometer ; 
and  every  bath  has  a  two-inch  waste  pipe,  opening  about  two  inches  from  the  top  of 
the  bath,  and  suffering  the  excess  of  water  freely  to  run  off;  so  that  when  a  person  is 
immersed  m  the  bath,  or  when  the  supplies  of  water  are  accidently  left  open,  there  may 
be  no  danger  of  an  overflow. 

-\«<f '"^ance  of  some  ingenuity  consists  in  suffering  the  water  for  the  supply  of 
the  bath  to  flow  from  a  cistern  above  it,  through  a  leaden  pipe  of  about  one  inch 
diameter,  which  is  conducted  into  the  kitchen  or  other  convenient  place,  where  a  large 
boiler  for  the  supply  of  hot  water  is  already  fixed.    The  bath-pipe  is  immersed  in  this 
'  'r^J^'''^  many  convolutions,  and,  again  emerging,  ascends  to  the 

Snf  tt.°^"f  ."/r^P^^'^'V-^'^"  "''^^  P'^^^'^g  through  the  convolu- 

tions of  that  part  of  the  pipe  which  is  immersed  in  the  boiling  water,  receives  there 
suflicient  heat  for  the  purpose  required,  and  ascending,  in  obedience  to  the  law  of  fluid 

sunnlied'  wiJh     V/"'^.     '^f  ^^'^^^'^^^^  P'P^        ^he  bath,  which  is  also 

.  ^^}^'  'i^d  waste-pipes  as  usual.    The  pipe  may  be  of  lead,  as  far 

as  the  descending  and  ascending  parts  are  concerned,  but  the  portion  formino-  the 
worm  or  convolutions  immersed  in  the  boiler,  should  be  coppe?,  in  orde^hat  the 
water  within  it  may  receive  heat  without  impediment 

The  facilities  which  are  now  afforded  for  the  construction  of  baths  in  private 
houses,  and  for  the  use  of  them  at  a  very  cheap  rate  in  public  establishmen°s  render 
It  quite  unnecessary  to  retain  the  remarks  made  by  Dr  Ure  ^snments,  render 

Public  baths  and  wash-houses  have  now  become  common  amongst  ns  and  with 
them  an  increased  cleanlmess  is  apparent,  and  improved  health  throultut'the  popS 

The  following  is  a  return  of  the  bathing  and  washing  at  the  public  baths  and  ^^ncT, 
houses  m  London,  conducted  under  or  in  accordance  with  the  ActsTand  10  ViJ" 
thTcot'ntry /.I'"'  "^^P"      '^^^  '"'^'^^  similar^eltabJ^shmUr^^ 


Name  of  Establishment. 

Number  of 
Bathers. 

Number  of 
Washers. 

Total 
Receipts; 

Metropolis. 

1.  The  Model,  Whitechapel  - 

2.  St.  Martin's-in-the-Fields  - 

3.  St.  Marylebone  

4.  St.  Margaret  and  St.  John,  Westminster 

5.  Greenwich-       -       -       .       .  . 

6.  St.  James,  Westminster      -       .  . 

7.  Poplar  

8.  St.  Giles's  and  Bloomsbury  -       -  . 

156,110 
155,418 
155,827 
111,392 
61,782 
111,870 
41,490 
83,810 

42,589 
46,337 
37,061 
66,644 
8,815 
35,829 
10,714 
21,051 

£     s.  d. 

2,976  7  8 
3,007  5  10 
2,498  2  3 
2,204  12  5 

995  11  4 
2,038  10  11 

845  15  10 
1,546    3  0 

Totals 

877,699 

269,040 

16,112    9  3 

Countri/. 

Liverpool :  

Cornwallis  Street       -      -      .  . 

Paul  Street  " 

George's  Pier-head     -       -  . 
Hull  ■ 

Bristol 
Preston 

Birmingham  -       -       -       _  . 
Maidstone 

98,460 
44,747 
45,243 
52,142 
40,262 
29,296 
98,396 
31,221 

11,480 

7,579 
11,068 
10,376 
5,547 
5,773 

1,561  3  2 
797    4  4 

1,684  5  6 
612  8  7 
599  11  2 
405  10  5 

1,854  14  5 
348    8  10 
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utility  of  these  institutions,  and  their  effect  on  the  physical  and  social  condition  of  the 
industrious  classes  ;  viz. :  — 

The  afreregate  receipts  of  nine  establishments,  inclusive 
of  the  George  Street  establishment,  during  1853, 
amount  to 


1852.  Eight  establishments 
1851.  Six  establishments  - 
1850.  Four  establishments 
1849.  Three  establishments 
1848.  Two  establishments 

ilfs:}"--  -  - 


£ 

18,213 
15,629 
12,906 
9,823 
6,379 
2,896 

3,222 


d. 

8 


1  5 


Os.  Id. 


Showing  an  increase,  in  1853  over  1846,  of  £15,317 

Those  conveniences-now,  indeed,  become  absolute  necessities  -are  extending  m 
every  part  of  the  country.  vinH<i    Vapour  Baths  are  stimu- 

Ba^hs  as  ^^^^^^^  l^:^^:^' I^r  betreS,  oln^tto^be  breathed.  Dr. 
V\°;ei:f haTgi;fn^U';o^^'ng  ^         as  a  comparative  view  of  the  heatmg  powers 


Vapour.  1 

Kind  of  bath. 

Water. 

Kot  breathed. 

Breathed. 

Tepid  bath    -       -       "  ' 
Warm  bath  -       -       "  " 
Hot  bath      -       -       -  " 

85°  to  92° 
92    „  98 
98    „  106 

96°  to  106° 
106    „  120 
120    „  160 

90°  to  100° 
100    „  110 
110    „  130 

Local  vapour  lail.  are  applied  in  af  cUo^f^^^  rsom7parrofThe  body.  ^ 
r^^LTbyrp^gnatin^  valour  with  the  odours  of 

"SZn  cHorine,  sulphurous  acid,  iodine,  and  camphor,  are  occasionally  employed 
.      ■•  _  .„:ti,    /inonn a  vanour.  _  _ 


SUipuur,  cuiuii"^,   

-JhE  SWEET^    (ia^^s  nobilis.)    Bay  leaves 

BA\S,  OIL  Ot.     ims  ou  is  '   i  ,    bruising  them      ^  -  - 

from  the  fresh  and  ripe  berries      ^^.^^^  *res,ing  them.    When  cold,  the  expressed 


tion  of  veterinary  embrocations.  commerce  by  this  name.    One  is  the 

30-6  ;  volatile  oil  and  loss,  1-2.  Perforated  balls  of  glass,  porcelain,  or 

l^r..iStJfir^»2™i.  Legs.  s,»e  of  .>.e«.»,U„ed  ™,s 

Thebes  and  in  the  ruined  temples  of  "ad  them  placed  with  her  in  her  grave; 

than  200  shades  are  manufactured  at  venic 
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about  two  feet,  and  then,  -with  a  knife,  they  are  cut  into  fragments,  having  about  the 
same  length  as  their  diameter.  The  edges  of  these  beads  are,  of  course,  sharp  ;  and 
they  are  subjected  to  a  process  for  removing  this.  Sand  and  wood-ashes  are  stirred 
with  the  beads,  so  that  the  perforations  may  be  filled  by  the  sand  ;  this  prevents  the 
pieces  of  glass  from  adhering  in  the  subsequent  process,  which  consists  in  putting  them 
into  a  reviving  cylinder  and  heating  them.  The  finished  beads  are  sifted,  sorted 
in  various  sizes,  and  strung  by  women  for  the  market. 

In  the  Jurors'  Report  of  the  Great  Exhibition  of  1851  are  the  following  remarks 
on  this  manufacture  :  — 

"The  old  Venetian  manufactures  of  glass  and  glass  wares  fully  sustain  their 
importance;  and  those  of  paper,  jewellery,  wax-lights,  velvets,  and  laces,  rather 
exceeded  their  ordinary  production.  The  one  article  of  beads  emplovs  upwards  of 
5000  people  at  the  principal  fabric  on  the  island  of  Murano  ;  and  the  annual  value  is 
at  least  £200,000.  They  are  exported  to  London,  Marseilles,  Hamburg,  and  thence 
to  Africa  and  Asia,  and  the  great  Eastern  Archipelago." 

The  perks  a.  la  lune  are  a  finer,  and,  consequently,  more  expensive  bead  which 
are  prepared  by  twisting  a  small  rod  of  glass,  softened  by  a  blowpipe,  about  'an  iron 
wire. 

The  preparation  and  cutting  of  gems  mto  beads  belong  especially  to  the  lapidary 
The  production  of  beads  of  Paste,  and  of  artificial  Peakls,  will  be  noticed  under 
those  heads  respectively. 

In  India  beads  of  rock  crystal  are  often  very  beautifully  cut. 

Dr.  Gilchrist  states:  — Coral  beads  are  in  high  estimation  throughout  Hindostan 
for  necklaces  and  bracelets  for  women.  These  beads  are  manufactured  from  the  red 
coral  fished  up  in  various  parts  of  Asia  ;  they  are  very  costly,  especiaUy  when  thev 
run  to  any  size  ;  and  they  are  generally  sold  by  their  weight  of  silver 
•  ,^  uf,f^  "^"^  "'^^y,'  favourite  articles  for  ornament  even  in  this  country;  and 
n  ?  inf of  Manners  and  Expences  of  antient  Times  in  England  "  by 
NichoUs,  1798,  we  find  the  following  entries  from  "the  churchwardens'  accomp ts  of 

"  Item  of  other  old  gear  found  in  the  house  •  —  ^  j 

"  Item  one  oz.  and  i  of  corall,   n    o  c ' 

"  Jewels  for  her  body.                                                      -       -  u    J  6 
"Item,  a  pair  of  coral  beds,  gaudyed  with  gaudys  of  silver  and  eilt 

10  oz.  at  3s.  4d.      -       -       .       .       .       .  i  iq 

(.John  Port  died  in  1524.)                                          "       "       -  1  13  4 

^i^^'^^f^*"^'  """^^  2279  lbs.,  and  of  jet  beads,  9  lbs  ■  while  of 

other  kinds  unenumerated,  14,281  lbs.  were  brought  into  the  United  Kintd^m 
In  addition  to  those,  the  following  were  our  Imports  of  glass  beads  and  bu^;s  : 

jj^^  Computed  real  value. 

Denmark   8  ,  ,f 

Hanse  Towns    -       -       .       .  54/580  "  "  J^'all 

Holland   07 '.4°  ■  -  ^^'697 

Bele-iiin,  37,446  -  .  4  681 

:5®'Sium   25,704  -  -  3  on 

France      ....  r  00;.  "'''^^"^ 

Sardinia    ....  ^l'^  '  -  854 

Tuscany    -       ....  1^1432  '.  .'  J22 

Austnan  Italy   -       .       .       .  i,493,452  -  .  74  673 

Other  parts       ....  ,4  305  .  .  ^4  673 


2,157,593  £155,262 
^p/\frR''v'LTi®^^;^™™*^l  t«  the  value  of  £21,504 

minutely  by  Madaffan  and  Tillev  nr,^       Deoeem  tree.     It  was  examined  more 

4S  i"«.i^rLrr)^s'^  '^^^eeeh  tree  (the 

attaining,  in  about  sixty  or  seventy  ve.rf?.  7  "^^f  Sceut  of  the  English  trees 
70  to  lo\feet,  and  its  'runk  Se'^^^^r  f 'Lff^^^  ^         t  of  fr^n 

hardest  of  British  timbers,  and  its  durabim^i:  ^^e^I^^e^^^^^.lt 
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chiefly  used  by  cabinet  makers,  coopers  coach  builders,  and  turners.    A  substitute 

JiLLK.    (-f '^7'  ^    ' tes  the  best  species  of  beer;  known  also  as  ale,  bitter  ale, 
Toured  with  l^ops,  eonst.tute^^^^^^  P^^^.^^  ^ 

porter,  or  ^3'='o°f  inff rior  quality  to  which  the  name  of  beer  is  given, 

there  are  °^^"J  J^^Jf'^^f^'Jer  beer!  &c.!  all  of  which  consist  of  a  saccharine  liquor 
S^iV'ad'anSri^o'  the^^^^^^^    'fermentation,  and  flavoured  with  peculiar 

""TlTandents  were  acquainted  with  beer,  and  the  Romans  gave  it  the  appropriate 
name  orCeievisTa  (quasi  Ceresia),  as  being  the  product  of  corn  the  gift  of  Ceres^ 
The  most  celebrated  liquor  of  this  kind  in  the  old  time  was  the  Pelusian  potation,  so 
nnrfmm  the  town  where  it  was  prepared,  at  the  mouth  of  the  Nile.  Aristotle 
L  aks  ofThl  fnto^ca^^^^^  by  beer,  and  Theophrastus  justly  denominated  it  the 

t^ne  of  barW     We  may  indeed  infer,  from  the  notices  found  m  historians,  that 
Tvinl-f  nnaSus  to  bTer  were  in  use  among  the  ancient  Gauls,  Germans,  and,  in 
?a  f  ait  ev  V^^^^^^^^^^  of  our  temperate  lone  ;  and  they,  are  still  the  universal 
WrS  in  ever/land  where  the  vine  is  not  an  object  of  rustic  husbandry 
ThP  manufacture  of  beer  may  be  conveniently  considered  under  three  heads. 
I   In  exfmiSln  of  the  natural  productions  which  enter  mto  xts  composition : 

^'?UfpSpa;ation  which  one  of  those  materials,  barley,  must  undergo  in  the  pro- 
cess of  malting.  „_„„harine  liquor,  or  wort,  and  imparting  to  it  the  peculiar 
^L^:'::^^^!:^  retrwShe'fermcntation,fining,  ripening,  and  preser- 
vation  of  the  beer. 

1.  The  Materials. 

ipable  of  ^^dergoing  those  changes  wh^b  de^    p^      ^^^^  this  country 

hich  beer  can  be  made  ;  ^""J^^'f^  ^^^^'^^^        of  barley,  the  Hordeum  vulgare,  or 
is  almost  exclusively  used.   There  are  two  specie  ^  Hordeum 

common  barley,  having  Its  cor^^^^^^^^  P^^^  Us  double  row  has 

hexasltcJwn,  in  which  three  f  ^as  s^ii ug  r  ^^^^^ 

apparently  six  corns.    The  former  is  the  proper  b^^^^^^  .^^^^^  g^^^,^^^ 

grain.    The  latter  is  little  known  ^'^^jj''' J,^^  to  a  colder  climate.  Big 

Lder  the  name  of  bere,  or  big  being  a^^^^^^  ins.) 

?f  ^ti:"forerbci'4^^nl"^  ^^^e  that  of  theUer  will  be  from  52  to  56 

lbs.    Their  constiuents  are,  ^"^^^^^^jjj^^y the  soil  on  which  it  is  grown  ;  the 
The  quality  of  barley  is  much  ^f.^^^'^'^f, ^kno^  by  farmers  as  good  turnip  land; 
best  being  from  a  light  calcareous  so  1  or  that  known  by^^^_    ^^^8  ^^^^  ^ 

and  crops  of  e^<=<=l\«'^\^^^  ^Ycare  ofthl  h^bantoan  in  the  harvesting,  stacking  and 
the  seed,  the  climate,  and  the  care  ot  tnenu  ^^^^  ^  ^^.^^  ^^^^^^^ 

thrashing  at  the  proper  season  ,  J^'^^.'n-fed  kernel,  which,  when  broken, 

wrinkled  husk,  closely  adhenng  ^  ^^^^^       of  a  pale  yellow  colour, 
appears  white  and  chalky,  7'**^.^  .  and  although  not  in  a  proper  con- 

^If  it  breaks  hard  and  flinty,  it  ^^^''^^^^l^^^^^^^      the  stack  or  mow,  care  must  be 
dition  for  malting  until  it       sweatf  g^l'^'Z  vitality  of  the  germ.     Mixed  or 
Itvef  :lmpfr  sCKo^^a^oid'et  a^  it  is  important  that  all  should  gro. 
aLT^tloVp^^^^^^^^  appear  to  consist  of :- 


ca 
w 


-  3-76 

Gluten    -       -                      _  72-00 

Starch    -       -       '      _       _  g.go 

Sugar  -  -  -  _  .  g.Qo 
Gum      -       "  " 


2*23 

Albumen  -  -  "  "  n-2'; 
Phosphate  of  lime   -      -      "  ^^.^^ 

Water  -  -  -  "  ^.^g 
Loss  - 


Another  analysis  gives  —  .0.24 

.  3.52       Phosphates     -      -      "      _  q.^q 

Gluten    -       -       "    ,    1  "  " 
Hordeum,  or  starch  and  gluten 
intimately  combined     -  - 


-  5-21 

Sugar      -       -  _  4.g2 

Gum       -       -  ■ 
Albumen        -       -  " 


1-15 


Oil         -  _  7.29 

Vegetable  fibre  -  -  "  9  37 

Water    -       -  "  '  1  i')2 

Loss       -       -  ■  ' 
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4-92 

Oils 

0-3.'; 

-  60-50 

Phosphates  .  - 

0-36 

-  4-66 

Husk 

-  11-56 

-  4-51 

Water  - 

-  10.48 

-  0-35 

Loss       .      -  - 

-  2-31 

Hermstadt  gives  the  mean  of  several  analyses  of  barley  to  be  :  — 
Gluten  - 
Starch 
Sugar 
Gum 
Albumen 

Proust  thought  he  had  discovered  in  barley  a  peculiar  principle,  to  -which  he 
gave  the  name  of  Hordeine,  -which  he  separated  from  the  starch  by  the  action  of  both 
cold  and  boiling  -water.  He  found  that,  by  treating  barley-meal  successively  -with 
Ts-ater,  he  obtained  li-om  89  to  90  parts  of  a  farinaceous  substance,  composed  of  from 
32  to  33  ot  starch,  and  from  57  to  58  of  hordein  ;  his  analysis  also  gives,  gluten,  3-0; 
sugar,  5-0;  gum,  4-0  ;  and  resinous  extract,  1-0. 

Dr.  T.  Thomson  gives  no  hordeine,  but  the  starch  as  88  per  cent,  sugar  4. 

Emhof  gives  the  constituents  of  barley  as  70-05  flour,  18-75  husk,  and  11-20 
•water. 

The  hordeine  of  Proust  is  a  yello-wish  powder,  contains  no  azote,  and  is,  therefore 
dissimilar  to  gluten.  In  the  process  of  malting  the  proportion  of  hordeine  is  greatly 
diminished  by  its  conversion  into  starch  and  sugar,  so  that  many  chemists  view  hor- 
deine as  only  an  allotropic  condition  of  starch:  but  the  subject  will  evidently  bear 
yet  more  extended  and  careful  research. 

-The  female  flowers,  or  catkins,  of  a  dicecious  plant 
belonging  to  the  natural  order  Urticacea;  which  grows  wild  in  many  English  hed-e- 
rows,  but  requires  the  most  careful  cultivation  to  produce  the  highly  odoiife.  ous  and 
cordial  properties  so  valued  by  the  brewer.  The  plant  springs  up  Lnua  ly  Cm  the 
old  roots  m  April,  flowers  the  latter  end  of  June,  and^-iptns  towards  The  end  of 
^oXt  September,  when  they  are  gathered,  dried,  and  packed  very  tfgluly  in 

pockets,  or  bags  for  preservation  and  use.  Hops  are  grown  to  the  greatest  extent  n 
the  counties  of  Kent  and  Sussex;  but  a  strong  hop  is\lso  grown  fn  the  north  clay 
sWre  disfrict!  """'^  °'  Nottingham,  and  a  very  gi^atefal  mill  hop  in  the  wrcester"^ 

The  flavour  of  the  Golding,  or  Farnham  hop,  a  district  in  Surrey,  is  rich  and  in 
high  estimation;  but  the  plant  is  one  of  the  most  tender  cultivated,  Ihrflowersmal 
but  heavy  with  the  farina,  and  the  crop  very  uncertain  ' 

attacked  brther'edo';  ble  mouTd^S^^fl '  ""'""^ 

the  farina,  Ld  may  be  irofTcJ'w  S^  of 
braTS  :SL!rthf  et?  S^ofof^t^o  ^.^^^^^^^^^^^ 

:s^jrs^ri^K£'r^s:^r^^i^^ 

the  farina,  or  yellow  powder,  which  Tthe  mo  fv  Lbt       of  Z  ho,/"'''''^' 
itseTf:b'rtfet  t^a^^^^^^^^^^^^^^        1^1^^;"^^  F^^^ 
and  bitter  qualities  Ce  perfrcti;  develo^pH^  '"'omatic 
in  the  hand  leave  aHily^  or  Snour  aTf  'T'    ^^^^  ^°P^'  ^^^^^  '^^^<^^ 

and  gratifying  odour;   'he  Tcarersruldtls^t'evtr^eot  ^^nt'' ^ 

^rrrySg^o^thrh^cSfLTnrp^^^^^^^^^ 

care;  it  is  perfumed  iriXTn  S^^^^^^  requires  gi^at 

moderate  af  rejt:Vt\:i'Z7^^^^^^^  ^^^onfat 
mjure  the  flavour,  and  if  not  sufiiciently  4  they  ^are    i.ble  t^.'^'"^ 
The  general  practice  is  to  try  the  strig  or  stall-  of  th.  fl  become  mouldy. 

^  is  sufficiently  drie^d.  but  ^ ^^'iS:^^'l^^;:t:::Zir!ri 

J^e^  TheterTJoiSnnl  ^.le^'h  ''"^"^"7°  °^        ^'-^'e  but 
fine  canvas,  called  pockets,  whTch  weigh  abSlS?  e'l^l  """^^'^  '"'^  ^^"^ 
coloured  hops  into  sacks  of  a  coarser  textu -e  '  calied  l,n'   f  ''""""Ser  and  dark- 
2 J  cwts.  to  3  cwts.  each.  lextuie,  called  hop  bags,  and  weigh  from 
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If  intended  for  export,  the  bags  are  sometimes  subjected  to  the  action  of  the 
hydraulic  press;  and  if  not  required  for  immediate  use,  the  simple  screw  press  may 

"''crils'firflXettrS^  to  the  yellow  pulverulent  substance  that  has  been 
alluded  to  a  he  farina:  or  pollen,  and  is  technically  known  as  the  "  condition  "of 
the  hop  which  L  good  samples  will  amount  to  one-sixth  of  the.r  weight  This 
nowder  blars  some  resembW  and  its  analysis  by  Dr  Ives  gives, 

?a.7rdn  4  16  -  extractive,  8-33  ;  bitter  principle,  9-16  ;  wax,  10-00  ,  resin  30-00  ;  hgnin 
4  ^  V  and  loss  0-02.    About  65  per  cent,  of  the  farma  is  soluble  in  alcohol,  aJid  the 
solution  dis  . He'd  with  water,  leaves  a  resin  amounting  to  52-5  per  cent  which  has  no 
bluer  ?;ste  and  is  soluble  in  alcohol  or  ether.    The  distillate  from  which  the  resin 
has  thus  been  separated  contains  the  bitter  principle,  which  has  been  called  "  lupuline 
rbv  Payen  and  Chevallier),  mixed  with  a  little  tannin  and  malic  acid.  ■ 
^  To  obtain  this  in  a  state  of  purity,  the  free  acid  must  be  saturated  wi  h  lime,  the 
solution  evaporated  to  dryness"  and  the  residuum  treated  with  ether,  which  removes 
a    t  e  re^r  after  which  the  lupuline  is  dissolved  out  by  alcohol  leaving  the  ma  ate 
of  lime    On  evaporating  the  alcohol,  the  lupuline  remams,  weighing  from  8  3  to  12  d 
perTent.    It  ilsometlmi  white,  or  slightly  yeUowish,  and  opaque,  sometimes  orange- 

''^irordtarTtir/eratures  it  is  inodorous,  but  when  heated  emits  the  peculiar  smell 
and  nossesses^the  characteristic  taste  and  bitterness  of  the  hop.  Water  disso  ves  U  in 
the  proportion  of  about  1  part  to  20.  or  5  per  cent.,  and  acquires  a  yeUow  colour.  It 

upon  by  gn^ns  of  themetallic 

.s^t^is^b^ii^/prsas^s^ 

yellow  colour,  had  an  acrid  taste  and  a  strong  tn^alcohol  and  ether,  and 

is  about  0-910_;  it  is  P'^''-     ^"^^^^^^^^^^  in  brewing,  as 

becomes  i-e^^^ified  by  keepmg    The  ^^^^^^  ^^^^^^  ^^^^^  ^^^^^^^  ^  , 

it  serves  to  P;ree^itate  the  nitrogemsed  or  a^  ^^^^^^  ^^^^  ^^^^  ^^^  ^  ^ 

Se^^^^ciS^it^^^^^^^^^ 

TijTjTvv  nv  THE  Peocess  or  Maltino. 

THE  P-----  ™  ^fwhfeh  we  refer  to  the  article  M..T1.0) 

In  this  process  (for  the  conduct  01  J"'^        .  ,      im^jibed  sufacient  to  cause 
the  raw  g^ain  is  steeped  m  cisternB  of  wa  er^^^^^^^^^ 

it  to  germinate ;  it  is  then  ^fead  on  the  floor  01  ^^^^^ 

KSptra«  -^"^ 

"^itl^^^Snation  a  r^^^  ^^S^^^^^f  ^^^^e^^^ 
grain.  The  glutinous  ^^'^/tf^^^^^'rS^  or  roots,  which  during  the  process  wiU 
Lve  passed  -Jo^^fj;^^^^^^  the  lenglh  of  the  grain,  while  a  portion 

The  change  is  similar  to  t^^*  ^^^f^fj^;^^^^^  a  little  gluten.  The  thick  paste  be- 
di-ested  in  a  heat  of  about  160  ^'°°ejp;n  ^4  and  the  solution  contams  now 
com^s  gradually  liquid,  transparent  and  ^^^^^^^^  tasted  aj^d^^^  ^^^^^^  ^  ^^^^^^ 

"    S\lmlind'brlraUS^^^  quantity  of  starch  can  thus 

be  converted  by  a  quantity  o^  S)';"'"-    ^j.^^or  all  the  gluten  and  albumen  present  m 

By  the  artificial  g^^^h  upon  the  maU  floor  a        g  ^^^^^^ 
barley  are  not  decomposed  and^ly^ou^  0     ^^^^^^^  ,  Me 

sugar,  as  a  continuance  of  t^?^  of  the  roots  and  stems  of  the  plant.     t  s, 

products  would  be  taken  up  by  the  gr^^^  germination  and  stop  it  at  the 

therefore,  the  chief  art  of  the  ma  tster  ijg"^^;^^^  le.st  loss.  This  is  generally 
point  when  the  utmost  ^onver  on  s  a^tam  ^^^^^^  I  s 

considered  to  be  done  ^^^f/t^'^Xof  he  grain,  starting  from  the  germ  and  pro- 
advanced  two-thirds  the  ent>ve  length  ottneg  a  .  b^^^^j^.^j^  „eyer 

?:lKt  pttrtde  7etont^:rof  tSe  hordefne  into  starch  and  sugar  keeping 
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pace  -with  the  growth  of  the  acrospire,  and  being  thus  prepared  for  its  nearly  com- 
plete conversion  in  the  subsequent  operations  of  the  brewer. 

Malt  is  generally  distinguished  by  its  colour  —  as  pale,  amber,  brown,  or  black  malt 
— arising  from  the  different  degrees  of  heat  and  management  in  the  process  of  drying. 
The  first  is  produced  when  the  highest  heat  to  which  it  has  been  subjected  is  from 
90°  to  100°  R,  the  amber-coloured  when  the  heat  has  been  raised  to  120°  or  125°, 
and  the  brown  at  a  heat  of  from  150°  to  170°.  The  black  malt,  commonly  called  patent 
malt,  is  prepared  by  roasting  in  cylinders,  like  coffee,  at  a  heat  of  from  360°  to  400°, 
and  is  the  only  legal  colouring  matter  that  may  be  used  in  the  brewing  of  porter. 

The  action  of  the  kiln  in  drying  is  not  confined  to  the  mere  expulsion  of  the 
moisture  from  the  germinated  seeds,  but  it  serves  to  convert  into  sugar  a  portion  of 
the  starch  which  remained  unchanged,  not  only  by  the  action  of  the  gluten  upon  the 
fecula  at  an  elevated  temperature,  but  also  by  the  species  of  roasting  which  the  starch 
undergoes,  which  renders  it  of  a  gummy  nature.  "We  have  a  proof  of  this,  if  we  dry 
one  portion  of  the  malt  in  a  naturally  dry  atmosphere,  and  another  portion  in  a 
moderately  warm  kiln  ;  we  shall  find  the  former  yield  a  less  saccharine  extract  than 
the  latter.  Moreover,  kiln-dried  malt  has  a  peculiar,  agreeable,  and  faintly-burned 
taste,  probably  from  a  small  portion  of  empyreumatic  oil  formed  in  the  husk,  which 
not  only  imparts  its  flavour  to  the  beer,  but  also  contributes  to  its  preservation. 

As  the  quality  of  the  malt  depends  much  on  that  of  the  barley,  so  its  skilful  pre- 
paration has  the  greatest  influence  both  on  the  quantity  and  quality  of  the  worts  made 
from  it.  If  the  germination  has  been  imperfect  or  irregular,  a  portion  of  the  malt 
will  be  raw,  and  too  much  of  its  substance  remain  unchanged  and  flinty ;  if  it  has 
been  pushed  too  far,  a  part  of  the  extractible  matter  is  wasted. 

If  not  thoroughly  dried,  the  malt  wiU  not  keep,  but  becomes  soft  and  liable  to 
mildew  ;  and  if  too  highly  kUn-dried,  a  portion  of  its  sugar  will  be  caramelised  and 
become  bitter. 

Good  malt  possesses  the  following  characteristics  :  —  The  grain  is  round  and  full 
breaks  freely  between  the  teeth,  and  has  a  sweetish  taste,  an  agreeable  smell  and 
is  full  of  a  soft  flour  from  end  to  end.  It  afi^ords  no  unpleasant  flavour  on  beine 
chewed;  is  not  hard,  so  that  when  drawn  along  an  oaken  board  across  the  fibres  it 
leaves  a  white  streak  like  chalk.    It  swims  upon  water,  while  unmalted  barley  sinks 

The  bulk  of  good  malt  exceeds  that  of  the  barley  from  which  it  is  made  by  from 
o  to  8  per  cent.,  but  at  the  same  time  it  becomes  lighter  in  weight,  100  lbs.  of  good 
abo  iTfioThrr  T  ""t"^'  '"t^^'^'S,  after  being  dried  and  screened,  no  more  fhan 
o  i        temg  about  12  per  cent,  of  water,  5  per  cent,  waste,  and  about 

3  per  cent,  by  the  growth  of  the  roots,  which,  in  drying,  have  been  rendered  brittle 
and  are  removed  by  passing  the  malt  over  a  wire  screen 

fhlfu  ^^'"^  -^^  ^^y^^y       undergone  by  malting  wiU  be  readily  seen  in 

the  foUowmg  comparative  analysis  by  Proust :  —  'cduiiy  seen  in 


Gluten     -       -       .  . 
Hordein   -       -       .  _ 
Starch     -       -       -       .  , 
Sugar      -       -       .       ,  , 

Mucilage  4    _  , 

Re.sin   :  ■  ^? 


Barley.  Malt. 

-  3    -  -  1 

-  55    -  -  12 

-  32    -  -56 


5  -  -15 
4  -  -  15 
1    -       -  1 


100  100 


If  we  moisten  the  malt  flour  for  a  few  miniitps  ^xUh  nnU 
filter  the  solution,  and  heat  the  clear  M  b  a  JtlJ  bn  h  ^.r-f''  '''""^'j"' 
the  greater  part  of  the  albuminous  azotLd  subltanc^wiU  '^"^^f'-^'^'^^f  158° 
be  separated  by  a  fresh  filtration  •  afterrhiph  til  1  v  coagulated,  and  should 
alcohol,  when  a  floeky  prec  p  tate  appears  to  5iich  ha«  f"^  °  '^'"''^  ^^'^^ 
diastase.  To  purify  it  still  further  n<rnp^^^^^  which  has  been  given  the  name  of 
dissolve  it  in  water,Ld  pLSte  aS  Sh  T  ^?a*'«^^°^^tter,  we  should 
perature  it  appears  as  a  srd  wtoe  sEncT  wh?M       V  "^"'^     ^  tern- 

alcohol,  but  dissolves  in  water  and  proof  S  '° 
n  Changes  with  greater  or  less  ^^J^ 
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sour  at  a  temperature  from  149°  to  167°.  It  has  the  property  of  converting  starch 
into  Kum,  or  dextrine  (so  called  by  the  French  chemists  from  its  polarising  light  to 
the  richt  hand  whereas  common  gum  does  it  to  the  left)  and  sugar ;  and,  indeed, 
■when  sufficiently  pure,  the  diastase  operates  with  such  energy  that  one  part  of  it  dis- 
poses 2000  parts  of  dry  starch  to  that  change,  hut  it  operates  the  quicker  the  greater 

^'%Vh«!e7er  the  solution  of  diastase  with  starch  is  heated  to  the  boiUng  point,  it  loses 
tVip  ponvertina;  property.  . 

One  hundrld  parts  of  the  starch  solution  from  good  malt  appear  to  contain  about 
one  part  of  this  substance,  which  is  of  the  greatest  importance  in  effecting  the  further 
changes  which  take  place  in  the  process  of  brewing. 

3.  The  Formation  of  a  Saccharine  Liquid,  or  Wort, 
frovi  the  malt  and  hops,  and  production  of  the  finished  beer,  is  the  province  of  the 
brewer ;  and  the  process  will  be  found  at  length  under  the  article  Brewing. 
•      The  peculiar  properties  contained  in  wort  do  not  exist  ready  formed  in  malt,  but 
are  the  result  of  the  joint  action  of  water  and  heat  which  is  employed  m  the  initiatory 
process  of  the  brewer  on  that  substance,  and  is  termed  the  mashmg. 

TheMashing.-This  operation  requires  the  greatest  care,  as  on  it,  ahnost  as  much 
as  on  the  malt  employed,  depends  the  character  of  the  liquor.  ^  ^ 

Payen  Td  Persoz,  already  alluded  to,  show  that  the  mucilage  fonned  by  the  reaction 
of  maUuJon  starch  may  be  either  converted  into  sugar  or  be  made  in  o  a  permanent 
Im  acSng  to  the  temperature  of  the  water  in  which  the  materials  are  digested. 
W^kke  of  pafe  barley  malt,  ground  fine,  from  6  to  10  parts,  and  100  parts  of  starch  ; 
we  heat  by  means  of  I  water-bath,  400  parts  of  water  in  a  copper  to  about  80°  F. ;  we 

which  gum  IS  applied;  but  witH  this Jiew  it  m  1      J    ^^  moince  a  sac- 

point,  to  prevent  further  change       J«        J^^J^S  ,hJ'te  at  be- 

charme  fluid  such  as  he  wo  t  for  beer,  -e^    ^^^^         ^^^^^^^  p^^,^ 

only  crushed  between  iron  rol  ers,  as  is  now         f^^^P^^^  ntimately  blended  by 
mixed  with  water  m  the  '"f  '  ^^^^^^^^ 

stirring  with  the  mashing-rakes,  so  that  it  may  be  umiorm  y  ^^^^^ 

stances  of  the  malt  is  effected.  p„_.__.s  experiment  just  given,  the  temperature 

We  can  now  see,  from  Payen  and  ^^^'/fP'^r^^  operation  ;  namely,  the  range 
at  which  the  liquor  ought  to  be  ".aintained  m  A^^^^  ^fa  principle  in  mashing,  that 
between  158°  and  167°  ;  and  it  has  '^'^^'^^^^^^^^  irst,  by  beginning  to  work 

diastase  and  free  sugar;  tbe  second  mid  lurtliu  ^  ^^.^^l^ye  pro- 

verting  the  remaining  starch  and  ^^P^^f  ^'JJi^^^^^^     run  into  a  cohesive  paste,  or, 

ducts.^  By  this  means  also  the  ^^'J^'^^f  m^^^^^  easily  drained  from  the 

as  it  is  termed.  "  lock  up  the  goods    and  the  eM  or  the  less  diluted 

mass,  and  comes  off  a  nearly  limp  d^vort  ihe  i  ,  ''^V^'tl; 
the  mash  is,  so  much  the  easier  '%t^^^J°;  Ses  indicate  the  true  mode  of  conductmg 

lation  of  the  albumino^us  ma^^r.  J^^^^^^^^                     ^  treatment ;  pale  and 


the  mashing  process, 
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slightly  kilned  malt  requires  a  someAvhat  lower  heat  than  malt  highly  kilned,  because 
the  former  is  more  ready  to  become  pasty,  and,  for  the  same  reason,  needs  a  more 
leisurely  infusion  than  the  latter ;  and  this  is  still  more  applicable  to  the  case  of  a 
mixture  of  raw  grain  with  malt,  for  it  requires  still  gentler  heats  and  more  cautious 
treatment. 

It  is  quite  practicable  to  obtain  from  1  part  of  malt  and  8  parts  of  barley,  a  wort 
precisely  similar  to  that  procured  from  9  parts  of  pure  malt  alone.  But,  of  course, 
this  could  not  be  done  without  modifying  considerably  the  process  of  mashing ;  and 
it  happens,  unfortunately,  that  the  practice  of  the  present  day,  amongst  brewei's,  is  to 
maintain,  as  closely  as  possible,  one  uniform  system  of  mashing,  whatever  may  be  the 
nature  or  quality  of  the  malt  employed.  Thus  a  difference  in  the  malt  is  made  to 
produce  a  difference  in  the  wort,  and  all  the  energy  and  skill  of  the  practical  brewer 
are  sometimes  insufiBcient  to  compensate  for  the  alterations  which  this  difference 
induces  in  the  subsequent  working  of  the  beer.  With  a  regular  and  certain  com- 
position, as  to  the  constituents  of  his  wort,  the  operations  of  the  brewer  would  assume 
a  fixed  and  definite  character,  which,  at  present,  they  are  very  far  indeed  from  pos- 
sessing ;  and  by  which  he  not  unfrequently  suffers  the  most  severe  pecuniary  loss  and 
mental  anxiety.  With  the  exception  of  a  trifling  quantity  of  vegetable  albumen,  the 
only  solid  ingredients  of  beer-wort  are  dextrine  and  sugar ;  the  latter  of  which  fer- 
ments with  great  ease  and  rapidity,  whilst  the  dextrine,  though  capable  of  fermenta- 
tion, enters  into  the  process  only  with  difficulty,  and  requires,  for  its  successful 
termmation,  not  only  much  more  yeast,  but  also  a  much  higher  temperature  in  the 
fermenting  vat.  At  the  same  time,  it  is  this  very  sluggishness  in  the  fermentative 
quality  of  dextrine  which  is  essential  to  the  production  of  good  beer ;  for,  with  sugar 
alone,  the  fermentation  cannot  be  checked  at  ordinary  temperatures,  until  the  full 
measure  of  its  decomposition  has  taken  place,  and  it  has  become  either  a  vapid  admixture 
ot  alcohol  and  water,  or,  by  the  absorption  of  oxygen,  is  resolved  into  vinegar.  It  is 
indeed  a  notorious  fact,  that  beer  made  with  sugar  will  not  keep  so  well  as  that  made 
trom  malt;  though,  for  rapid  consumption,  the  use  of  sugar  is,  under  some  circumstances, 
to  be  commended,  more  especially  on  the  small  scale  and  in  cold  weather.  The  pecu- 
liarity of  dextrine  IS,  however,  as  we  have  stated,  to  undergo  fermentation  only  with 
diiiiculty  and  by  slow  degrees;  hence-its  decomposition  spreads  over  a  long  space  of 
time,  and,  in  very  cold  weather,  amounts  to  nothing ;  so  that  for  months,  or  even  years, 
W      ^^Mf"/"""  destroyed,  the  evolution  of  carbonic  acid  gas 

hvT..t^  f"°>e°ting  dextrine,  keeps  up  a  briskness  and  vitality  in  the  beer;  and, 
S^ref?>ll  ^'.'^^r °.  ^.edification  is  shut  off   A  perfect  beer-wort  should 

herefore  have  reference  to  the  period  of  its  consumption  :  if  this  be  speedy  and  pressing 
the  proportion  of  sugar  ought  to  be  large;  if  remote,  the  dextrL  s^hould^ greatly 
predominate.  Under  the  first  condition,  the  attenuation  would  proceed  quickly  and 
provided  the  emperature  of  the  fermenting  vat  was  not  aUowed  to  exceed  780,  the  beer 
would  soon  cleanse  and  become  ripe  and  bright;  under  the  second,  the  attenuation  in 

i  the  nil     I"     Y"?*^  ^""^  P"^^P«'  ^^^^'•^l  years  for  its  compMon 

m  the  cask.  Nevertheless,  if  the  attenuation  in  the  vat  had  gone  on  to  the  comDleto 
destruction  of  all  the  sugar,  this  kind  of  beer  would  prove  in  the  end  both  the  better  and 
Zinthi':.  eth^  '''^'7^',  '  "^'^^  °f      formation  the  presence  of 

Ss  of  the  b^e^l  importance  therefore  of  placingTn  the 

in  his  wolf  I  ffl  •  »^f,^"\°f  determining  the  relative  amounts  of  sugar  and  dextr  ne 
m  his  wort  s  sufficiently  obvious.    Now,  this  may  be  done  in  two  wavs  •  ei^hpr  w 

In^T^^IsZlT  %lT'r''^  ^'^-^"S*^-  tl'e  proportion  of^ernroV  Se'h^ 
01  tnese  substances.    The  dextrine  is  easier  of  calculation  than  the  suaar  in  a  ronX 

IcuLTtZ  tbH'  ^*  *V"^-^'"  determined  with  mucrire  mS 

simSv  r  *'^\dextrine.    Yet,  in  practice,  the  former  plan  is  preferable,  from  its 

of  30  lbs^;er  Zr^f  ^'^'/f ^  '°  '^T        '°  ^  ''^^'^^'^  of  strong  wort Tsay 

of  t^P  > if  •         ?'       ■  ^-"^      ^1"^'  ^"^"^t  of  alcohol  or  spirits  of  wine  the  wholl 

tion  of  sugar  in  wort  is  best  ffff m!^  k   f  r      ,  ''^alys^g  ''^ort.    The  determina- 

pint  of  thf  following    oMon  and  eon^^^^^^^^^  ^  '^^^^^  ^"^^^  ^ 

cipitate  which  ensuer-levprv  thv!  '=°"ecting  and  weighing  the  red-coloured  pre- 
in  the  wort.  ^^"y  three  grains  of  which  indicate  one  grain  of  grape-sugar 
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Grape-sugar  Test  Solution. 

Sulphate  of  copper  in  crystals  100  grains. 

Bitartrate  of  potash  onn  " 

Carbonate  of  soda  in  crystals  »uu  „ 

Boiling  water,  one  pint,  or  o'S"  " 

First  dissolve  the  sulphate  of  copper,  then  the  bitartrate  of  potash,  after  which  add 
the  carbonate  of  soda,  and  filter  if  necessary.  This  solution  is  not  affected  when 
boiled  with  cane-sugar,  dextrine,  gum,  or  starch.  . 

We  have  retained  from  Dr.  Ure's  original  article  the  result  of  two  brewings,  taken 
from  one  mash  at  two  different  periods,  and  analysed  to  determine  their  relative 
contents  of  dextrine  and  sugar,  according  to  the  tube  or  alcohol  process  :— March  28ih, 
1851  proceeded  to  mash  for  experimental  brewings  ;  weather  clear  and  open  ;  ther- 
momker  outside  at  51°,  -  in  fermenting  room  58°  ;  difference  between  wet  and  dry 
bulb  5-750°  ;  barometer,  39-4  inches.  Composition  of  the  malt :  —  Moisture  6  1  ,  in 
soluble  matt;r,  27 ;  extract,  66-9.  Quantity  of  malt  employed  70  bushels  ;  of  water  at 
180°  F.,  700  gallons ;  made  the  mixture  with  a  common  mashing-oar,  ^nd  finished  in 
15  minmes.  One  hour  afterwards,  drew  off  200  gallons  of  wort;  ^"d  Arec  hours 
from  commencing  to  mash,  drew  off  200  gallons  more,  -  contmuing  the  n>a^t  for 
table-beer  wort.  The  first-drawn  wort  contained  7-5  parts  of  dextrine  to  1  of  sugar  , 
the  second  6  3  parts  of  dextrine,  2-2  of  sugar  ;- their  densities  were  respectively 

to  2-2  of  sugar. 

1851.  .    No.  1.  _       _  "^g^^Po 

March  28,  5  P.M.  No  action  ----- 

„     „  10  P.M.  Light  thm  cream       -  -  "  _ 

„     29,9  a.m.  Whitehead       -       -  "  "  '  ^^.^ 

,      „  6  P.  M.  Fine  white  head         -  -  "  "  " 

„     30,9  A.M.  Thick  tough  head      -  -  "  "       "  _^ 

„   6  P.  M.  Tough  brown  head     -  -  -  - 

"     31  2  F.  M.  Ferment  well  roused  up  -  -  " 


75-0 


8*5 

Attenuation  oi  1^0.1 .          -  -       '  '  ^^^^ 

April    2,2  p.m.    (Skimmed  off  yeast)  -      -  -      '  '  ^^.^ 

„     11,2  P.M.          „          »  15-5 

„      13,  2  P.M.  n  n  ' 

XT  -       -  -  68-0 

March  28,  5  P.M.    No  action  -      -       -  _  _  ^q.q 
10  p.m.    Fine  white  head        -  - 

"     29,9  a.m.    Thick  yeUow  head     -       -  "  " 

"          6  P.M.    Fine  tough  brown  head      -  -  " 

30, 9  A.M.    High  roused-up  rocky  head  -      -  _ 


„  31 


XJ  JX.  iJi*       "'13—   i.-  .  /DO 

6  p  M.    In  rapid  fermentation  -       -       -  " 

2  P.  M.    Throws  up  much  yeast  (skimmed  off  yeast)  -    76  0 

12"7 

Attenuation  oi  "No.  2  -       -       "       ^  .15-5 

April  2,  2  P.M.      „  ..      -       "       ■      I      ,  .  17-5 

11,  2  P.M.      „  ..      -       '       _       .       .  .  18-2 

„     13,  2  P.M.       ,.  »      "       "  , 

The  temperature  of  ^otb  ^^d  -w  Mien  t^^^^^^ 
repeatedly  ;  the  yeast  "^^^  therefore  again  skimmed  o^  ^, 
and  filled  up  with  reserved  wort         /'^^'^'i^^gf  byaUenuation-No.  1,  16-2  lbs.  and 
18th  the  barrels  were  clf^d,  having  then  lost       «   examined  ;-No.  1  was  found 
No.  2,  19-6  lbs.    Six  ^eeks  afterwards  these  ales    ere  e  ^  ^^.^^^  j.^.^l^  ^p. 

muddy  and  unpleasant;  whilst  No.  2  ^ J^^^^^  "^^^^  1852,  the  casks  were  again 
ra=  ;- nTi  TafnS  tf/7.9  ^..^^^d  Vas  bright,  rich,  and  fine  flavoured . 
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■whilst  No.  2,  though  bright  and  pleasant,  had  contracted  a  little  acidity  ,  and  was 
becoming  flat :  it  had  lost,  in  aU,  21^  lbs. 

Two  similar  experiments,  made  about  the  same  time  in  another  quarter,  gave 
almost  exactly  the  same  results ;  and,  consequently,  there  can  be  little  doubt  that, 
where  a  quick  sale  and  rapid  consumption  of  beer  can  be  ensured,  the  great  object  of 
the  brewer  should  be  to  convert  as  much  of  the  dextrine  of  his  wort  into  sugar  as  is 
proportioual  to  the  rapidity  of  that  consumption  ;  whereas,  for  beer  intended  to  keep, 
the  opposite  practice  should  be  followed. 

The  conversion  of  any  given  amount  of  the  dextrine  wort  into  sugar  may  be  effected 
either  by  keeping  up  the  temperature  of  the  mash-tun,  and  prolonging  the  operation  of 
mashing ;  or,  which  is  better  and  simpler,  by  merely  preserving  the  wort  for  a  few 
hours  at  a  heat  of  165°  F.,  either  in  the  underback  or  any  other  convenient  vessel. 
We  have  found  from  experiment  that  a  wort  which  when  run  out  from  the  mash-tun 
had  only  3  parts  of  sugar  to  16  of  dextrine,  became  by  10  hours'  exposure  to  a  heat 
of  165°  converted  almost  altogether  into  sugar,  — the  proportions  then  being  17-8  of 
sugar  to  1-2  of  dextrine. 

A  very  important  part  of  the  duty  of  a  brewer  should  therefore  be,  first,  the  deter- 
mination of  the  relative  amounts  of  dextrine  and  sugar  required  to  suit  the  taste  of  his 
customers,  or  the  circumstances  of  the  market,  and  next,  the  continued  careful  ex- 
amination of  his  wort,  so  as  to  ensure  that  these  proportions  are  regularly  maintained  ; 
for  by  no  other  plan  is  it  possible  to  ensure  that  certainty  of  result  and  uniformity 
of  quality  which  are  essential  to  the  proper  conducting  of  an  expensive  business 
like  brewing.    Far  too  little  attention  has  hitherto  been  given  to  the  fluctuatmg 
qualities  of  beer-wort ;  m  warm  weather,  this  wort  should  probably  contain  at  least 
twice  as  much  dextrine  as  in  winter ;  yet  this  is  the  very  period  when,  from  the  in- 
creased temperature  of  the  air  and  materials,  the  largest  quantity  of  sugar  must  be 
formed  by  those  who  mash  upon  a  fixed  and  unvarying  principle.    Hence  the  prone- 
ness  of  the  wort  to  ferment  violently  in  summer  is  still  further  increased  by  the  pre- 
sence of  an  extra  proportion  of  sugar ;_  whereas  prudence  would  suggest,  under  such 
circumstances,  a  predominance  of  dextrine,  and  seek  to  effect  this  purpose  by  a  low 
temperature  in  the  mash-tun,  and  by  shortening  the  period  of  mashing.   As  a  eeneral 
rule,  in  the  management  of  wort,  more  sugar  is  requisite  where  small  quantities  are 
brewed  at  a  time,  than  where  large  operations  are  conducted,  for  the  loss  of  heat  is 
relatively  larger  m  sniall  masses  than  in  large  ones ;  and,  from  what  has  been  stated 
apparent,  that  as  the  fermentation  of  dextrine  is  more  easily  checked  by 
cold  than  that  ofsugar,  the  beer  brewed  in  trifling  quantities  could  not  preserve  a 
fermentative  temperature,  but  would  become  chilled^  and  dead  from  the^exceslive 
radiation  of  caloric,  unless  a  principle  existed  in  it  capable  of  fermentation  at  the 
most  ordinary  temperatures  of  this  country.    If,  therefore,  beer  wort  conSng  chiefly 
of  dextrine  be  fermented  in  very  cold  weather,  or  with  an  insufficiency  of  yelt  or  if 
the  temperature  happen  to  rise  too  high,  so  as  to  destroy  or  impair  the  fermentative 
power  of  the  yeast,  then  a  dull  languid  action  will  ensue,  accompanred  by  what  his 
W  called  the  viscous  fermentation,  and  the  beer  become^  permanently  t 

Although,  clearly  it  would  be  impossible  to  lay  down  any  specific  rule  for 
proper  proportion  of  dextrine  and  sugar  in  beer  wort  yet  therLouTd  hP  r,n  Vffl  u 
in  each  brewer  determining  for  himseff,  and  for  thlcoUSons  of  q^^^^^^     ^me  ofTale'' 
time  of  year,  and  other  contingencies,  the  requisite  ratio  to  be  esUS  rhk  nt  n 

To  measure  the  degrees  of  concentration  of  the  worts  drawn  nff  fr.^  * 
particular  form  of  hydrometer  called  a  s«rrh-,J^J     ■     ^  « 
the  number  of  pounds  weSt  of  1  Quid  contnirn™  employed,  which  indicates 

measure,  m^^s  the  hJrTofVZvLtl^^^^^^^  ™P"ial 
when  placed  in  any  wort,  ^^o^^^X^tlyl^^^^^^^  i-t--ent, 

ten  pounds  more  tharat?r:f^wS'' ITS^^^^^^^ 

gra%TervV;i?^ij:iL^^^^^ 

360  :  396  ::  100  :  1-100; 
at  which  density  the  wort  contains  about  25  per  cent,  of  solid  extract. 
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By  the  mashing  operations  before  described,  the  malt  is  so  much  exhausted  tliat 
it  can  yield  no  further  extract  useful  for  strong  beer  or  porter.  A  weaker  wort  might 
no  doubt  still  be  drawn  off  for  small  beer,  or  for  coutributmg  a  little  to  the  strength 
of  the  next  mashing  of  fresh  malt.  But  this  I  believe  is  seldom  practised  by  respectable 
brewers,  as  it  impoverishes  the  grains  which  they  dispose  of  for  feeding  cattle. 

The  wort  should  be  transferred  into  the  copper,  and  made  to  boil  as  soon  as  possible, 
for  if  it  remains  long  In  the  under-back  it  is  apt  to  become  acescent.  The  steam 
moreover  raised  from  it  in  the  act  of  boiling  serves  to  screen  it  from  the  oxygenating 
or  acidifying  Influence  of  the  atmosphere.  Until  it  begins  to  boil,  the  air  should  be 
excluded  by  some  kind  of  cover.  , .    •    li,  • 

Sometimes  the  first  wort  is  brewed  by  itself  into  strong  ale,  the  second  by  itself  mto 
an  intermediate  quality,  and  the  third  into  small  beer;  but  this  practice  is  not  much 
followed  in  this  country.  j  •  »„ti,„ 

The  Boiling.— The  wort  drawn  from  the  mash-tun,  whenever  it  is  pumped  into  the 
copper,  should  receive  its  allowance  of  hops.    Besides  evaporating  off  a  portion  of  the 
water  and  thereby  concentrating  the  wort,  boiling  has  a  twofold  object.  In  the  first  place, 
it  coagulates  the  albuminous  matter,  partly  by  the  heat,  and  partly  by  the  principles^ 
the  hops,  and  thereby  causes  a  general  clarification  of  the  whole  mass,  with  the  effect 
of  separating  the  muddy  matters  in  a  floccnlent  form.    Secondly,  during  the  ebuUit  on 
the  residuary  starch  and  hordeine  of  the  malt  are  converted  into  a  limpid  sweetish 
muei  age,  the  de.trine  above  described,  while  some  of  the  glutinous  Bt"^^?y 
rendered  insoluble  by  the  tannin  principle  of  the  hops,  which  favours  still  further  the 
Sine  of  the  wort     By  both  operations  the  keeping  quality  of  the  beer  is  improved. 
Tht  boil  must  be  coatinLd  some  time;  a  longer  time  for  the  stronger  and -horte^^ 
for  the  weaker  beers    Thei-e  is  ^^X^^^:^:^^::  tTh^ coSuel  atuffi^cSt 

means  of  a  P^°°\,f^^f ^1^'fbecome  liX       From  one  to  three  hours'  boll  is  deemed 

derived  from  the  hop.  ^^^^  ^^^^y  point. 

Many  prefer  adding  the  l^°f^J^^/^^;o^Z°"cetous  stage,  which  would  otherwise 
Their  effect  is  to  repress  t^^^  P^^f  S^^^^^^".  vegetable  production 

inevitably  ensue  in  a         -i^y^-  -J^^.^  The  odorantVmciple  is  not  so 

hitherto  discovered  can  ^f/ ,«>i^/;;*"*"^^^^^^^  ^hen  hop  is  mixed  with  strong 

readily  ^"l^t^^J^^'^.r.Clnv  hours  rcaTstil'l  impart  a  ve?y  considerable  degree 
beer  wort,  and  boiled  ^^^°y^°^^;^\Xion  in  hot  beer  or  water,  without  boiling, 
of  its  flavour  to  weaker  beer,    iiy  mere  miubiuu  comb  nes,  as 

the  hop  loses  very  little  of  its  soluble  Pmciples^    The  tannin  of  the  h  p. 

have  said,  with  the  vegetable  albvmien  f  of  the  mashing 

Should  there  be  a  deficiency  of  albmnen  and  glu^^^^^^  them  beforehand,  the  defect 
having  been  done  at  sucli  a  heat  as  ^o  J^.e  coa|uiatea 

may  be  remedied  by  the  add}  'on  of  a  little  S^laUne  to  i.P  ^ 

form  of  calf's  foot,  or  of  a  httle  i^mg  ass  th^^°fj^^^i,  g^e  flavour;  but  if  their 
longer  period  than  5  or  ejj--'^^,^^  Many  brewers  throw  the 

natural  flavour  be  rank,.a  little  e'ctra  boiling  i  P  -^^  there  for  some 

Sesnvss,?^^^^^^^  ■  ■  


to  the  bushel  of  malt.  „ ,       .    boiling  in  covered  vessels,  so  as 

It  has  been  attempted  . ^^'^.^^^^f of  t^c"  hop  itself  to^he  beer.  '  On  the  great 
not  to  lose  the  oil,  and  to  add  tlii.s;nstead  ^^^^  extraction  of  the  hop  is 

scale  this  method  has  no  .P'^^^t^f^/'ll.^^'^^'^ilbg  o        ^ort,  and  the  hop  oprntes 

the  upper  part  ofwhich  is  fixed  a  drainer  to  kecP^^^^^  ^^^^  olers, 

a  pump  is  placed  In  the  l^op-back  for  the  purpose  o  ^^^1^,, 
usually  placed  in  au  airy  situation  upon  tnc  p 
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indispensable  when  we  make  two  kinds  of  beer  from  the  same  brewing,  and  even  in 
single  brewings,  called  gyles,  if  small  beer  is  to  be  made.  One  of  these  coolers  ought 
to  be  placed  above  the  level  of  the  other.  As  it  is  of  great  consequence  to  cool  the 
worts  down  to  the  fermenting  pitch  as  fast  as  possible,  various  contrivances  have  been 
made  for  effecting  this  purpose.  The  common  cooler  is  a  square  wooden  cistern,  about 
6  inches  deep,  and  of  such  an  extent  of  sm-face  that  the  whole  of  one  boil  may  only 
occupy  2  inches,  or  thereabouts  of  depth  in  it.  For  a  quantity  of  wort  equal  to  about 
1500  gallons,  its  area  should  be  at  least  54  feet  long  and  20  feet  wide.  The  seams  of 
the  cooler  must  be  made  perfectly  water-tight  and  smooth,  so  that  no  liquor  may  lod"-e 
m  them  when  they  are  emptied.  The  utmost  cleanliness  is  required,  and  an  occa- 
sional sweetenmg  with  lime-water. 

The  hot  wort  reaches  the  cooler  at  a  temperature  of  from  200°  to  208°  accordin"-  to 
the  power  of  the  pump.  Here  it*  should  be  cooled  to  the  proper  temperature  for  the 
fermentmg  tun,  which  may  vary  from  54°  to  64°,  according  to  circumstances.  The 
refrigeration  is  accomplished  by  the  evaporation  of  a  portion  of  the  liquor;  it  is  more 
rapid  m  proportion  to  the  extent  of  the  surface,  to  the  low  temperature  and  the  dry- 
ness of  the  atmosphere  surrounding  the  cooler.  The  renewal  of  a  body  of  cool  dry  air 
by  the  agency  of  a  fan,  may  be  employed  with  great  advantage.  The  cooler  itself 
^srvl^'  "^fr^  ^^rface  fhaU  be  freely  exposed  to  the  prevailing  wind  of  the 

district  and  be  as  free  as  possible  from  the  eddy  of  surrounding  buildings  It  is 
bought  by  many,  that  the  agitation  of  the  wort  during  its  cooling  is  hurtfuf  Were 
the  roof  made  movable,  so  that  the  wort  could  be  readily  exposed  in  a  clear  niJht 

l;t-Te?inM:'^Ei"°^^^ 

'  •  ^^^^^  °^  ''"^  ™°re  recently  by  M.  Melloni. 

When  the  cooling  is  effected  by  evaporation  alone,  the  temperature  falls  very  slowlr 
even  m  cold  air,  if  it  be  loaded  with  moisture.  But  when  the  air  is  di^  theTaS 
tion  is  vigorous  and  the  moisture  exhaled  does  not  remain  incumbent^'on  the  liquor 

worLtTsfrapidlV  in'the'''^"'  ^'T'       ^P^''^"  -e  can  mad^rstnd  how- 

wort  cools  so  rapidly  in  the  spring  and  autumn,  when  the  air  is  eenerallv  drv  ^T^A 

Tn  lTZTf^  "'^^'^  '=°°l«r,  but  load^ed  wUh  ,Jofsture 

is  ct:°d3y  r/cet  's^^:&:::tir''''''  '^'^ 

be  at  the  end  64°  the  quantity  of  wlt^/ It  the  begmnmg  was  208°,  and  if  it 

much  improved  by  shortening  this  neriod  ■  Wn^l  °  ^^'''^ 
face  which  the  wort  exposes  fo  the  -fir  it  v   ^T'^t'  '\''°'^^^^^<^^^e  of  the  gi-eat  sur- 
acetous  fermentation  wkh  L  p  oLction  of  vl^  ^l^^o^s  oxygen,  and  passes  into  the 
ill-hopped  beer  is  part  cXrly^ILbT  V^r"  "^""^u^  spots_an  evil  to  which 

wort,  ify  transmitting   thro%h  th    eo-vo^^^^^^^  ^'""^  '"'"'''^'^  *°  '^""l 

The  best  plan  is  to  expose  the  hot  wort  fo™l  ^  ^  'T^^^^^  i°  cold  water, 
cooler,  when  the  loss  of  heafis  moTrnniH  h  ^^^^^^  the 

the  temperature  fX  to  100°  oHLeatt 

pipe  laid  almost  horizontally' in  a  t/oS^^^^  through  a  zig-zag 

scribed  under  Refrigerator  are  more  comnlex  h,7t  ^he  various  methods  de- 
situations  with  considerable  advant^e    ''""'P^^^'  ^""^  ^^^^  =^^7      practised  in  many 

partly  t/li;:  Zl:T::iXer.^t'.^^^^^       ^  -^-t,  which  consists 
^.hich  had  been  dissolved  at  the  higMemperture        ^  ^^^^     and  partly  of  starch, 
wort  should  be  perfectly  limnid  fnr  o  ^^§T      '  '^^^  separates  at  the  lower.  The 
Such  beer  conta^£air£i  ^^iL^ S^^^^^^^^^  ^'1^""^ 
even  remains  after  the  fermentation  and  hS«  ^^'^^^^y  «ome  starch,  which 

to  sour.  The  wort  contains  more  s  arch  tSo  ter  it  h'^^IT^'  ^""^  ^u'^^'  ^  ^^^dency 
have  been  added,  and  the  shorter  time  it  has  beln  Voi,^     "rl"  ^^ss  hops 

the  wort  may  be  made  made  manif^t  by  addinl  o  K?m  '  i  ^'^'"'''^  ^'^rch  in 
to  It  when  it  will  become  inimediately  bVe^e  t^^  ^l^^^^ol 

-^^i^^i'^S^^::^^^^^  the  fermenting  tun.    I„  ,bis 
pass  down  through  a  tube  inclosed  in  ^^'^^f  ttlf,^^^^^^^^^ 
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is  flowing  in  the  opposite  direction.  These  fermenting  tuns  are  commonly  called 
IS  nowing  in        "W-  ,  square  or  circular.    In  the  great  London 

gyle-tuns,  or  .vorkin^  tuns  ^"J^^"  '';„^t^i„%,om  1200  to  1500  harrels.  The  quan- 
brewenes  their  size  s  such  that  U^ey  '^o^^'*  considerably  less  than  the  capacity 

oft?e  v^^r^'allow  r  omTr  The  Wof  y'east  .vhich  rise's  during  the  process  of 
of  t^%7^^^^>\'?fX^essel  be  cylindrical,  this  head  is  proportional  to  the  depth  of 
f^wo  S  In  ce  tain  kinds  of  fermentation,  it  may  rise  to  a  third  of  that  depth.  In 
the  fermentation  proceeds  more  uniformly  and  constantly  m  large  masses, 
KSJhey  are  UtS  influenced  by  vicissitudes  of  temperature;  smaller  vessels,  on 

A  Wr^mrrkfon  the  fermentation  peculiar  to  beer  will  alone  be  noticed  in  this  place 

The  amount  of  this  exeess.of  sugar  is  f -^-.V^JS  ^reS 
wort,  since  a  certain  quantity      f^^^^^^l' ^^^^^^^^^^^^  bas^he  gCest  influence  upon  the 
the  ferment  on  the  remammg  wort    temperature  has  me  g  ^^^^ 
fermentation  of  wort.    A  temperature  of  from  55  to  6°  The  warmth 

the  atmosphere  is  55°,  is  -^"^l^^l^^f^^ZX  ^^^  of  the  air  in  the 

of  the  wort  as  it  comes  mto  tl^f.  .gyl^"*^.^!'"'*,  the  woVt  should  not  be  cooled 
apartment.  In-i-^ter  when  this  apa^^^^^^^  colMhe  ^^^.^^^  interrupted,  and 
under  64°  or  60°,  as  in  that  case  the  fermentation  wo  temperature  of  the 

the  wort  liable  to  spoil  or  become  sour  In  surnnier  wn^^^^^  to  55°,  for  which 
place  rises  to  above  75°,  the  -ort  should  be  ^If^^f/J  ^  f  ^^„,e  mentioned.  The 
purpose  it  should  be  let  f      the^yf^^^^^^^^  and  end, 

Lgher  the  temperature  of  the  wt  fbe  ooner  wm  ^^^^^^  ^^^^  ^^^^^ 

and  the  less  is  it  in  our  power  »Jg"^;^^"„^'gf  Xch  threaten  to  destroy  his  labours, 
a  middle  course  betweeu  t^^^^^/^.^^^f^^^e' to  traverse  or  go  round  the  sides  of  the 
In  some  breweries  a  convoluted  P^P^.f  '°  J        in  winter,  and  cold  in  summer, 

gyle-tun,  through  which  warm  [J ^'^^Jtt  the  proper  fermenting  pitch.  If  there 
fo^s  to  modify  the  ,"^[^7^  *\7a^^^^^  cooled  by  suspending  wet 

Snvas  ;°p'?oTe'^?he^i"^^^^  or  Lrmed  by  kindling  a  Are  m  a 

small  stove  within  it  in  cold  weather  ,         it  must  receive  its  dose  of  yeast. 

When  the  wort  is  discharged  into  he  gy  c  m  ^ort,  and  left  in  a  warm 

^hieh  has  been  previously  mixed  ^^^^/J^^^^^^  Zo66,  is  then  to  be  put  into 
place  till  it  has  begun  to  ferment.    This  mixture,  ^^^^^^  ^^^^  ^1 

fhe  tun,  and  stirred  well  ^'•""f  ^^^^^X  iemperatrre,  strength,  and  quantity  of  the 
beer.    Its  quantity  must  depend  upon  the  tempe         ,  ^^^^^ 
wort.    In  general,  one  gallon  of  y^f^.'^-^'^^be  "voided,  lest  the  fermentation  should 
plete  fermentation.    An  exeess  of  yeas  is  to  be  av  ^      ^  ^ 

^ix  oV  Sg^^orXf  aSng  the  yeast  "^^^^^^^^^ 
mentation  becomes  active:  ^ -^^^^ Wg^-*  -  ^'fh 
Sid  spreads  gradually  oyer  the  ^l^.o^^/^'j^l.t  increases  with  the  progress  of  the 
r      -^^  c  frothv  elevation,  the  height  ot  wnicn  brown,  the  result, 

i,a,.  full  by  ^y<":^''}'^:^':Xii"n  7.  cask  ck...    TW;  W""" 
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for  every  different  quality  of  beer.  For  mild  ale,  when  the  fermentation  has  reached 
V5°  Its  first  flavour  begins  ;  at  80°  the  flavour  increases;  at  85°  it  approaches  the 
high  flavour  ;  at  90°  it  is  high  ;  but  it  may  be  carried  to  100°  and  upwards  for 
particular  purposes.  A  wort  of  30  lbs.  per  bai  rel  (sp.  gr.  1-088),  ought  to  increase 
about  15°,  so  that  in  order  to  arrive  at  80°,  it  should  be  set  at  65°.  The  quantity  of 
yeast  for  such  an  ale  should  be  from  2  to  3  lbs.  per  barrel.  The  higher  the  heat  the 
less  yeast  is  necessary.  If  the  heat  of  the  fermentation  should  at  any  time  fall  it 
must  be  raised  by  a  supply  of  fresh  yeast,  well  stirred  in  ;  but  this  practice  is  not 
advisable  m  general,  because  rousing  the  worts  in  the  gyle-tun  is  apt  to  communicate 
a  rank  flavour  of  yeast  to  the  ale.  It  is  the  practice  of  many  experienced  brewers  to 
look  every  2  hours  into  the  gyle-tun,  chiefly  with  the  view  of  observing  the  progress 
hLv  in  c'lT  'f,  f  ^I"'  ^fte'^ards  oflen  increases  ha/a  degre?  per 
fpn  Jfh  nf.  h    ff'"  ^  ^""^-r'  fermentation  approaches  its  conclusion,  till  at 

Sed  "f,!*^"™'  °-  ^^'^'^t^e^  decreases,  before  the  fermentation  is 

hnished,  especially  where  the  quantity  operated  upon  is  small 

adfZ„^'?ThT  'l«'=°™'^^°\^l'e°  tl^e  fermentation  is  carried  to  its  utmost  period,  to 
add  about  7  lbs  of  wheat  or  bean  flour  to  a  gyle-tun  of  25  or  30  barrels  at  the  time  of 
cleansing  so  as  to  quicken  the  discharge  of  the  yeast  by  disengagement  of  more  car- 
bonic acid.  The  flour  should  be  whisked  up  in  a  paU,  with  somf  of  the  beeT  tUl  the 
umps  are  broken,  and  then  poured  in.    By  early  cleansing,  the  yeast  is  p;eserYed 

ol/  f  "'\P™P"        r^'f  fermentation,  than  by  a  contra^ry  pr  ctfce 
cZ  y.l^  .'  V°  ^-  fermentation  should  not  ex- 

Se'rooSaVo^tr^le."^""'  fermentation  and  ensur^  the 

For  porter,  the  general  practice  is,  to  use  from  4  to  4A  lbs  of  hops  per  barrel  for 

Shl't  of  7etr^'^  "  '""f         °'  ""'"'"g  not  mS th^r3  or  3  lbs 

ine  neat  of  fermentation  must  not  exceed  70  \  and  beein  about  60°     T^L  O 

brewings,  to  suit  the  taste  of  the  customers.  This  ransfer  must  t^k^ni  v.'^"''°* 
the  extrication  of  carbonic  nr-IH        „„oJ^     ^  "'k  ir<insier  must  take  place  whenever 

dissolve  some  of  thrfloatin™^f  ,n    -  ^'f,!'''V'  f°™ed  should 

partially  into  the  acetoS  S"^      '  ^^^     '^"'^^  "  disagreeable  taste,  and  pass 

^^^^'lllZTX^^'l^^^^^^  «P'-t  at  the  expense  of  the  sugar, 

become  insoluble;  one  portbfy  them  r.  h  "'^^"^  "P°°  alcohol 

gas,  to  form  the  froth/yer  and  anX^Tf  '°  ^^t  *''P  T'^        ^^^'^^'^  «eid 
The  former  consists  of  Te  sC  materials  T^^^^^       I'  '°  ^""""^ 
gluten,  which  forms  its  active  clstTtSnt    tif'ilH  ^^'"^^  proportion  of 

of  the  same  gluten  mixed  witbT^  w^^  '  ^  ^  Peculiar  deposit,  consisting 

also  used  as!  fermen  .  ^Ts  cruder  C 

proportional  to  the  activity  of  the  fementatlon  ni°^  T"'  •  °^  ^'^'^ 

as  also  to  the  heat  of  the  mashinVnr^lc       ^  or  extrication  of  carbonic  acid  gas, 

altered  by  germinaln     PaL  ^fit  al^:,'?^        ^^^'^'''^  °^  starch  or  flour 
kilned.    When  the  veast  h^rrLT.      afloids,  usually,  more  yeast  than  malt  highlv 

be  skimmed  offtZZeZ^i::^^:^'^  roWh^T™'^*^""' '^^'^ 
the  intestine  changes  *°  j^'l^or  and  moderate. 

tatfoJpo'n'fy^i'eo'nrei^^^^^^^^^ 

strength,  and  keeps  up  in  it  a  constant  imnr™^^'  "^creases  its  spirituous 

render  it  lively  and  agreeable  to  thP  tLjr^  f^  -  °°  °^  carbonic  acid  gasfso  as  to 
appear  that  be'er  is  ne'ver "tationa  ^  n  qtli  It  -ouS 

the  moment  when  it  ceases  to  improve  bv  the^dl '  '=°°*^!"ed  in  the  tuns;  for 

begins  to  degenerate  into  vineear  Thp^ic  ,'!*^*=°"P°sitwn  of  its  residuary  sugar  it 
haustion  of  the  saccharine  oX the  firntr™'^  ^'"^'"''^  "^'"^^r  ^7  Ae  ex- 
therefore  be  under  ground,  ?ree  from  aUeSonroA' '^''^^  '^olm 
riages,  and  as  cool  as  possible.  I^the  S  }  nn.in  i"™P'^'-«'»'-e.  vibrations  of  car- 
rendered  very  complete  in  thecleansSuttJ:  ^^T''''       fermentation  is 
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V  R.ek«f>o».  »5«  •"'jlf.SlSd,  of  beer,- 


OUOWing  ao  i."v.  

Beer. 

Pounds  per  Barrel. 

Burton  ale,  1st  sort  - 

2nd  „   -       ■  - 
„        3rd  „   -      -  _ 
Common  ale    -  - 
Ditto  ditto       •       '  ' 
Porter,  common  sort  -       -  ^ 
„    double     -       "       "  " 
„    brown  stout  " 
„    best  brown  stout      -  ' 
Common  small  beer  -       "  ' 
Good  table  beer 

40  to  43 
35  to  40 
28  to  33 
25  to  27 

21 

18 

20 

23 

26 
6 

12  to  U 
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When  small  beer  is  brewed  after  ale  or  porter,  ouly  one  after-mash  is  to  be  made ; 
but  where  this  is  not  done,  there  may  be  two  mashes,  in  order  to  economise  malt  to  the 
utmost.    We  may  let  on  the  water  at  160°  or  165°,  in  any  convenient  quantity, 
infuse  for  an  hour  or  thereabouts,  then  run  it  off,  and  pump  into  the  copper,  putting 
some  hops  into  it,  and  causing  it  to  boU  for  an  instant,  when  it  may  be  transferred  to 
the  cooler.    A  second  mash  or  return  may  be  made  in  the  same  manner,  but  at  a 
heat  5°  lower;  and  then  disposed  of  in  the  boiler  with  some  hops,  which  may  remain 
in  the  copper  during  the  night  at  a  scalding  heat,  and  may  be  discharged  into  the 
cooler  in  the  morning.    These  two  returns  are  to  be  let  down  into  the  under-back 
immediately  before  the  next  brewing,  and  thence  heated  in  the  copper  for  the  next 
mashing  of  fresh  malt,  instead  of  hot  water,  commonly  called  liquor  in  the  breweries. 
But  allowance  must  be  made,  in  the  calculation  of  the  worts,  for  the  quantity  of 
fermentable  matter  in  these  two  returns.    The  nett  aggregate  saving  is  estimated 
from  the  gravity  of  the  return  taken  when  cold  in  the  cooler.    A  slight  economy  is 
also  made  in  the  extra  boiling  of  the  used  hops. 

It  may  be  remarked  that  Mr.  Richardson  somewhat  underrates  the  gravity  of 
porter,  which  is  now  seldom  under  20  lbs.  per  barrel.  The  criterion  for  transferring 
from  the  gyle-tun  to  the  cleansing  butts  is  the  attenuation  caused  by  the  production 
of  alcohol  in  the  beer:  when  that  has  fallen  to  10  lbs.  or  11  lbs.,  which  it  usually  does 
m  48  hours,  the  cleansing  process  is  commenced.  The  heat  is  at  this  time  generally 
75  ,  if  It  was  pitched  at  65° ;  for  the  heat  and  the  attenuation  go  hand  in  hand. 

About  forty  years  ago,  it  was  customary  for  the  London  brewers  of  porter  to  keep 
immense  stocks  of  it  for  eighteen  months  or  two  years,  with  the  view  of  improving  its 
quality.  The  beer  was  pumped  from  the  cleansing  butts  into  store- vats  holding  from 
twenty  to  twenty-five  gyles  or  brewings  of  several  hundred  barrels  each.  The  store- 
vats  had  commonly  a  capacity  of  5000  or  6000  barrels;  and  a  few  were  double,  and 
one  was  treble,  this  size.  The  porter,  during  its  long  repose  in  these  vats,  became 
line,  and  by  obscure  fermentation  its  saccharine  mucilage  was  nearly  all  converted  into 
vmous  liquor,  and  partly  dissipated  in  carbonic  acid.  Its  hop-bitter  was  also  in  a  great 
degree  decomposed.  Good  hard  beer  was  the  boast  of  the  day.  This  was  sometimes 
softened  by  the  publican,  by  the  addition  of  some  mUd  new-brewed  beer  Of  "te 
years,  the  taste  of  the  metropolis  has  undergone  such  a  complete  revolution  in  his 
respect,  that  nothing  but  the  mUdest  porter  wiU  now  go  down.    Hence  six  weeks  s 

fonSZi  '"mT-  %  "M"""  "  ^""^  '^^'^  -  ?SXn  only  a 

II.  .     I    /  ^  ''/r  """"^^  greatly  into  vogue;  and  the  two 

greatest  porter  houses,  Messrs.  Barclay,  Perkins,  and  Co.,  and  Trun^an  Hanbury 

iJed-pSeSrirc^orrr'''  '''''''''''  ^^^^^  ^«  P^-- 

^-  ^^"^  observations  upon  the  brewing  of  Scotch  ale.    This  beveraee  is 
characterised  by  its  pale  amber  colour  and  its  mild  balsamic  flavour.    tL  bkteraess 

with  he  first  and  notV°°  fermentation  of  the  diastase  is  finished 

which  thJt  press'has  r^^^^^^^^^^  "  It  wiTf  TV'^       ^oods  the  matte? 

wort  drawn  from  a  crrtairquantitv  of  maU  iT.  J       """"^  ?°  2°  ^^"els  of 

so  rich  in  fermentable  ItteTaT  2o\arrSei'aSrbvt:n''''  ^'^ 
barrels  each.    The  CTains  al  wa  vTrornlf    e^^acted  by  ten  successive  sparges  of  two 

and  the  total  residLfquantity  i7thre^rurthf  of  7f  ""^^  ^'''^^^  off" 

The  gravity  of  this  reLua  wo?t  will  on  the  firs^  "^'^l*' 
mash  ;  but,  on  the  seconrl  nlJr,  if    •ii  v         ,     P'^"^  to  tl»at  of  the  second 
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an  uniform  temperature  In  the  goods.  ^vitLout  requirin^them  to  be  sparged ^ith  very 

hot  liquor.  gjjg^g  of  doubtful  economy;  for  the  mash 

The  first  part  .tf  ^<=otcii  pr  ^^^^^  about  half  an  hour,  or  till  every 
liquor  is  heated  so  ».g»  f  ^  '  =^^1 1  ^^enched,  the  tun  is  covered,  and  the  mixture  left 
rStelbitX-ee^hoursrU^^        ^--d  off  into  the  under-back,  or  preferably 

^-^IfJSS^o&nc^aq^-^ 

uniformly  over  '^^^^J^^^^'  '^^^^^^  like  a  sho^ver 

board,  susPf  f 'l,^"  The  percolating  ;ort  is  allowed  to  flow  off  by  three  or 

Z°:t:afs:^p2ct%rnt  thlcirc'lferencf  of  the  mash- tun,  to  insure  the  equal 

'^^^^fi.S^S^IingrunoffinJ.^^ 

is  affused ;  and  thus  m  J^pt^  of  the  ale.    Thus,  the 

first  mash- wort,  constitutes      ^^^^^^^^      ^^^^^^^  table  beer,  or  for  a 

fzr:;ix:^o.^^^^  -  ^° 

^-^he  quantity  of^Jops  .M^  exee^^^  -  SLrhut  ^ctduc^of 

manner  of  boiling  the  worts ^e^^^^      l.^^^^^^      50°,  and  the  fermentation  con- 

the  fermentation  is  P«°f  f'^' ,  ^eeks.  Were  three  brewings  made  in  the  week, 
tinues  from  a  fortnight  o  three  wees  ^         ^^^^^  ^^^^^^  „3^^1,y 

seven  or  eight  ^--^'^f^^^^^J^tt  *  iSion  of  temperature  of  15°,  the  apartment 
in  one  room,  and  some  of         at  an  e  e  commence- 

niust  be  propitious  \°  {^^^^  is  S  ^  ^'''^  ""''^'^^ 

m,nt.    No  more  yeast  is        *f  .'^ '    ice  a  day  from  the  bottom. 

xnade  effective  by  rousing  up  the  tuns^^^^^  ^^^^^  tp  exceed  hal  a 

When  the  progress  of  f  f ''J''"^,  otherwise  the  top  barm  might  re-enter  the 
pound  in  the  day,  it  is  prudent  '^  f  ^l^Ct-bUten.  When  the  ale  is  cleansed,  the 
Ldy  of  the  beer,  and  it  ^°  J5,^;^7„;  fie  days,  is  allowed  to  float  on  the  surface 
head,  which  has  not  been  into  the  casks.    This  top  is  regarded  as 

till  ,he  whole  of  the  then  P'l';^  ale^^  conlct  of  the  atmosphere.  The  Scotch  do  not 
a  sufficient  P'-eservative  against  the  contact  or  ^^^^  Scotch  ale,  when  so 

skim  their  tuns,  as  the  '"^'^  dose  stillions.    It  throws  off  little  or  no 

cleansed,  does  not  require  to  be  set  2°^  '^.^^^^  the  tun.  The  strength  of  the 
^east,  because  the  fe'-^JJ^^^^^^g^^Jfi  pounds  to  the  barrel ;  or  it  has  a  specific 
Lst  Scotch  ale  ranges  be  ween  32  and  44  p  ^^.^^  j  ^ 

gravity  of  from  VOBS  to  ^-l^^'^Xurth  of  the  original  gravity  of  the  wort  ren.ams 
fermentation,  seldom  more  one  third  and  one-fourth  is  the  usual  degree 

at  the  period  of  the  cleansmg.    ^^-^^^.^^"^  "''^^e  and  is  seldom  racked  for  the  home 

^irrthe  f^xv^ar^iinrw^^^^^^^         ^  ^--^^ 

Jo"d  scotch  ale . ^^^^^  ^^^^  ^^^^^  ^  8e0-6 

20    —        returns  ^vi     »  "   

12)  982-6 

pounds  weight  of  extract  per  quarter  of  malt  =  81 
Fermentation:-  ^^^^^       ^.^^^^  the  tun  at  51°:  jea^t  4  gallons. 

"sTdegrees.         41  pounds. 


Oft  56  » 

60  „ 


30.  -       "  32 

65 

5.  "  23 


April     1.  "  29  added  lib.  of  yeast. 

66       „  25  pounds. 


4. 


B  67  >i 

67        „  20 
8  66  J8 

9.  "  14-5  cleansed.* 

10.  64 

.  B„.w,HO  (Society  for  difi-u.ing  U.ef.l  Knowledge),  p.  m. 
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Dr.  Ure  was  employed  to  make  experiments  on  the  density  of  worts,  and  the 
ftrmentative  changes  which  they  undergo,  for  the  information  of  a  committee  of  the 
House  of  Commons,  which  sat  in  July  and  August,  18-30:  the  following  is  a  short 
abstract  of  that  part  of  his  evidence  which  bears  upon  the  present  subject:  - 

"  My  first  object  was  to  clear  up  the  difficulties  which,  to  common  apprehension,  huno- 
over  the  matter,  from  the  difference  in  the  scales  of  the  saccharometcrs  in  use  amonS 
the  brewers  and  distillers  of  England  and  Scotland.  I  found  that  one  quarter  of  good 
malt  wou  d  yield  to  the  porter  brewer  a  barfel  Imperial  measure  of  wort,  at  the 

ZTZZTt  %fn  l^^'^'J      ^'^t"^-  P^rt  of  this  number  be 

multiplied  by  360,  being  the  number  of  pounds  weight  of  water  in  the  barrel  the 

won  oveT  thar:r  '"f'f'  P-°d^°^*«  -eight  of  a  barrel  of  such  con  nt  d 
poil^ds!  "  ^""^         P'""^'**^*  present  case,  84-24 

"Mr.  Martineau,  jun.   of  the  house  of  Messrs.  Whitbread  and  Company  and  a 
gentleman  connected  with  another  great  London  brewery,  had  the  kindness  to 
mform  me  that  their  average  product  from  a  quarter  of  mal  was  a  barrel  of  ll  lbs 
gravity    It  is  obvious,  therefore,  that  by  taking  the  mean  operation  of  twrsuch  tia; 
establishments,  I  must  have  arrived  very  nearly  at  the  truth  ^ 
It  ought  to  be  remarked  that  such  a  high  density  of  wort  as  1  -2.34  is  not  the  re<=ult 

gravity  11 155   The  contents  in  solid  saccharine  matter  at  that 

iToti:::  ^,ZTe"iL^-:i         ^'"^^"^^       ^-^^  -  excess  on 

volume  is  0-7911  that  is  ^()  -u        ^'stilled  water  as  unity.    Its  soecific 

The  mean  spLific  grl^Uy  by  e^^^^^^^^^^  the  volume  of  7-9 ll  lbs.  0/^::!^. 

weight  of  waV,  is  l  ll66Vbut  b7exSei  '° 

Showing  considerable  condeL;ti:nT;'^»^  l!^-,;^ 

of;:SeSS^^^?;s-SoS 


600 
600 
600 
600 
600 


+ 
+ 
+ 


600 
900 
1200 
1500 
1800 


50-00 
40-0 
33-3 
28-57 
25-00 


47-00 

1-2160 

37-00 

1-1670 

31-50  . 

1-1350 

26-75 

1-1130 

24-00 

1-1000 

wiS  tTe's^hfesT tjr;  rolTaJt*;  orrnTem' '  ^^out  250°  F. 

have  been  constructed  on  solutions  orsug^ar  and  ^0^^^.^""?^'^  date's  tables 

Auf^^f,''  sufficiently  well  with  the  former  but  d^ff  '  ™alt! 
Aliens  tables  give  the  account  of  a  certain  form  of  ^'V^^ially  from  the  latter 

from  malt,  and  dried  at  175°  p    -l        *»™  of  solid  saccharine  matter  Pvtrn^;"." 

soiia  extract,  whereas  there  are  only  33^  present."  P^'^s 

T  3 
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,    ws  the  origin  and  effect  of  fermentation  m  the  reduction 

The  following  Tabl^^^^^^^^^^^   

°f  S--ty.  .n  a  numher^_P  ^  -^^ZZZITZ^::::^^^ 

charumdecomposed 


Original  Gravity  of 
1       the  Worts. 


1-0950 
1-0918 
1-0829 
1-0862 
1  0780 
1-0700 
1-1002 
1-1025 
1-0978 
1-0956 
1-1130 
1-1092 
1-1171 
1.1030 
1-0660 


■Barrel  of  1  Specific  Gravity  of 
^^acclSn^eMalter.l  the  Ale. 


88-75 
85-62 
78-125 
80-625 
73-75 
65-00 
93-75 
95-93 
91-56 
89-37 
105-82 
102-187 
110-00 
96-40 
61-25 


1-0500 

1-0420 

1-0205 

1-0236 

1-0280 

1-0285 

1-0400 

1-0420 

1-0307 

1-0358 

1-0352 

1-0302 

1-0400 

1-0271 

1-02U 


lbs.  per  Barrel  of 
Saccharine  Matter. 


 ■  '     T  pTttract  but  the  pasty  extract 

account  of  the  -l^^^^^^^y.^'t  because  the  density  due  to  ted  liquor.  In 

It  must  he  likewise  i"^°"f;^,,t  of  the  alcohol  PJ^^^^V  of  the  wort  -,  heing  greatest 

With  this  view,  f  ^"°^,^te  consistence,  and       ^'f      be  dissolved,  whUe  the 

Sit  sugar  -^l^l^l^^^^Sntn,  Esq  M  P.  ^^wer  t^e'principle  .of  th.s^m- 
the  request  of  Henry ^^^^^  ^.  I  show  Je  hrew  requisite  to  ra  se 

of  the  House  of  Commo  fiCnt  densities  to  the  gravity  of  water 

portant  inquiry.    It  ex  ^  of  difierem 

Vspeciac  gravity  of     g  Weight  of  Su,ari„  the 


=  1-000. 


Specific  Gravity  of 
Spirit. 
0-995 
0-990 
0-985 
0-980 
0-975 
0-970 
0-965 
0-960 
0-955 
0-950 


^        Weieht  of  Sugar  in  the 
GaUon  imperial. 
980 

1-  890 

2-  800 

3-  710 

4-  690 

5-  600 

6-  650 

7-  070 

8-  400 

9-  310 


The  immoaille  purpo»=  .tohol  in  »  ."f"™  ■>"" J 
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shown  by  the  increase  of  specific  gravity  which  the  alcohol  received  from  agitation 
■with  a  certain  weight  of  the  wort,  inspissated  to  a  nearly  solid  consistence  by  a  safety - 
pan  made  on  the  principle  of  Dr.  Ure's  patent  sugar-pan.  (See  Sugah.)  Thus,  the 
normal  quantities  being  1000  grains-measure  of  alcohol,  and  100  grains  by  weight  of 
inspissated  mash-extract,  the  hydrometer  would  at  once  indicate,  by  help  of  the  Table, 
first,  the  quantity  per  cent,  of  truly  saccharine  matter,  and  next,  by  subtraction,  that 
of  farinaceous  matter  present  in  it. 

The  advance  of  the  arts  is  gradually  assuming  a  character  which  will  no  longer 
permit  any  manufacturer  to  neglect  the  assistance  of  science;  and  those  who  first  take 
advantage  of  the  power  of  knowledge  will  assuredly  leave  their  fellow-labourers 
behmd.  From  being  an  uncertain  and  hazardous  operation,  brewing  must  ere  long 
become  a  fixed  and  definite  principle  based  upon  facts  well  understood,  and  capable 
of  perpetual  repetition  and  reproduction  at  will.  To  sum  up  briefly  the  general  details 
of  ale  brewing,  we  may  state,  that,  for  most  kinds  of  ale,  the  attenuation  in  the  first 
instance  should  be  finished  m  from  6  to  21  days,  according  to  the  strength  of  the 
wort;  that  this  attenuation  should  approach  to  two-thirds  of  the  whole  weiffht-  and 
that  after  tunning  and  cleansing,  the  ale  itself  should  weigh  about  one-fourth  of  the 
original  gravity  of  the  wort.  Thus,  if  the  fermenting  tun  be  set  with  wort  of  271bs 
then  the  attenuation  should  bring  it  down  to  9  or  lOlbs.,  and  the  subsequent  operations 
produce  an  ale  weighing  from  6  to  71bs.  When  these  conditions  are  fulfilled,  without 
much  extra  rouble  or  attention,  the  ale  is  pretty  certain  to  turn  out  well,  though,  in 
in  some  locahties,  ale  is  never  attenuated  to  more  than  one-half  its  original  ffrfvity 

ii'cofd.  ^''^       ^°  ^^'^t^^'-  r«Py 

in  ?rLtr?'^?l''""^';^'°f      ^'^^}''.^  ^^'''^  differs  froni  tliat  of  ale  both 

m  the  nature  of  the  materials  used  and  in  the  mode  of  finishing  the  fermentation  are 
required.  Porter  owes  its  peculiar  colour  and  flavour  to  burnt  saccharine  or  ta;cl  v 
Zu  Tl        '^'l        ^"'■'^"'^  ^"™i°g  S"gar  until  it  e:^akd  the  odour 

r^^ui^  ^''°"^''?*ir'  'r"'"^-    ^*  P'-*^^™*'  nothing  but  WgKorreLd 

Waik  ma  '  au'of  whVh  ''''''  ^^/f-^^ ^  kinds,  as  brown  malt,  imperial  ma  t,1i  d 
hr!;^  ivf  ,  ^jiich  are  used  by  some  brewers,  whilst  others  emplov  onlv  the 
IrTw^  black  and  a  few  the  black  alone,  for  giVing  colour  anrflavour  VLe 
fermentative  quality  or  saccharine,  is,  however  the  same  as  th«t  nf       o^I  •  ^    •  ? 

the  operations  of  ioling  fermenti^^^^^^^^  quarter  of  fine  pale  malt,  yet,  in 

10  per  cent,  occurs  unL  thTmosf 'v  Xnt^^  skimmmg,  and  cleansing,  aloss  of  fully 
bulkofourmetropolitan  b^ewerie    it  wS  '^^^S  the  great 

at  12  per  cent.    L  plain  woMs.ToO  gaCs  of^^^^^^^^^^  1"^*° 
produce  more  than  about  88  eallons  of  sXTw,.  k         ^''V  not,  by  any  management, 
this  by  the  Excise;  and  the  brewer  who  ha^nil        ^"^   T  ^«  ""^de  for 

back  upon  but  88.    This,  howeTer  ^  the  r^n^^t  f      ^         -^"^  gallons  gets  a  draw- 
solicit  attention  to  the  for^e  whh  which  thpT,     ^^""T"-^^'  ^'-"^  °^       "^'^'^  '        ^  e 
If  a  quarter  of  pale  malt  be  irumed  at  84lf  ''V""' °f  P°>-'-='-- 

admixture  of  brown  and  black  maU  as  tut^Ji  saccharine  strength,  then  such  an 
not  give  more  than  about  24lbs  inH  ,c  fi.  ^  employed  by  brewers  of  porter  will 
bulk  used  in  porter  brewing  we'  see  thL      '^"f  least  one-fifih  of  the  whole 

more  than  701bs. ;  thatT^o  8^  80  nnrt?  °>alt  can  never  give 

black,  instead  of  givinVltlhrrkt^of^^^^^^^^^  t^l'^L^^  °' 
701bs.,  or  produce  a  difference  between  the  actuaf  ret.l     ^.t  S^^^ 
by  the  Excise  authorities,  of  no  less  than  16  6  per  cem    t     i^^l'  g'-^^ted 
previously  mentioned  as  arising  from  ^rm«r,fo!-         '  *°  add  the  loss 

called  12  per  cent.,  a  total  dikfencelsueTof        '  ^l"'        ^^'''^^  have 

weight  of  soluble  maLr  Tt  would  reX  lTs^b's'ff  T'^  of  heS 

o-ort  weighing  ha.-X\^- X::^;-^^^^ 
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TT  T^orvoi   when  exported,  the  drawback  is  5«.  i  but,  as  may 

of  1'054.     Upon  this  ^ariel,  when  expo  ^^^^  ^^^^^ 

easily  be  seen  on  calculation,  the  '^"^J  '  ^^„'  v^e^er  he  suffers  a  dead  loss  of 
upo/every  168  Ibs^  of        — tlZe^tl  toSv^^^s^r^  These  things 

24....3</.  >"^f'^"f«^  'y°t^e  whole  Board  and  Staff  of  the  Excise  are  unable  to  prove 
n.ay  seem  startling,  f  ^^^^^^i^^ted.  At  the  same  time  the  intelligent  reader 
that  they  are  in  the  _  ^re  not  by  any  means  so  large  as  a  cursory 

.vill,gather  that  the  P^^^^^^^  ,3  having  reference.to 

glance  at  the  f^^^J^^"*  ^^^wa^^^^^^^  ^^^^  ^^^^  ^^.^^  .^^  connection  with 

schemes  now  in  P^ogie^s  toi  reaucing       V  ^  ^^  ti^^es  very  remune- 

o«r  .general  arranpments.    No  douwm^^^  sometimes  proves  ruinous  to 

rative;       ^ ''^"^'•^"f  ^'f  P"te IrSotte^^^  capital  required  is  large,  and 

the 'large  brewer,  as  i  must  °°\}'^^.X^°  fh  as  cLks  and  other  wooden  utensils,  the 
invested  in  very  penshable  ^I'^'l'^l^'^f^^^'  '^'or,  again,  as  we  have  shown,  must  a 
.year  and  tear  upon  which  is  a  ^^F^  f^'^f  .^^^^^^  a  quarter  of  malt  will 

speculator  begin  by  assuming^^with  J«  ^^-^^^^^^"^      truth  if  he  estimates  his 

-s:  v^^t^^'  ?~  ^  s^:  t: 

those  whom  they  may  concern.  ■  reauisite  to  enable  the  brewer  to  perform 

If  the  analyses  of  malt  and  'tialt- wort  aie  requisrt^^^^^  ^^^^  indispensable 

his  operations  with  safety  and  success  ^^/  ^^jSon  with  his  neighbours,  and  for  the 
to  qualify  him  for  the  ^arassmg  labour  of  competmon  ^  teen 
protection  of  his  interest  ^S^^^*  Excise  confe  Exportation,  yet  this  is 

Lewed  of  the  requisite  gravity      J'if  ^^^gg  VaU  duty,  even  to  the  limited  extent 
very  far  indeed  from  ensurmg  a  return  of  the  malt  a  j      ^^.^^^  ^^^^ 

awarded  by  law.  The  ntHhe  be^r  was  breweS?  This  may  be  ascertained  by 
weight  of  the  wort  from  which  the  ^jf;  ,  of  the  present  indefinite  system  :- 
theiuowing  method,  which  should  take  he  pl^^^^^  .^^  ^^^^^^.^ 

Having  agitated  a  portion  of  the  ale      «eer  so  these  into  a  retort;  then 

Seasufe  out  exactly  3600  S''^^^^. -"^^^^^ied  bfice-^^^^^^  ^^^er  about  one-third  of 
distil  with  great  care  into  a  ''^''^^^^^V^i^  tht  ale  or  beer  is  known  to  be  highly 
the  whole  fluid,  or  rather  ^^'^f.,*^'^,  f'' then  ascertain  its  specific  gravity,  from 
alcoholic.    Next  weigh  the     V^^e^  flmd,  an^^  ^^^^^  absolute 

whence,  bv  any  of  the  proper  tables  of  alcohol  C^^^"  .  converted  by  cal- 

Tl^ohol'in  the  distilled  fluid  "^^^ J^^/^^'ratl  of  m  parts  of  sugar  for  every  92  of 
culation  into  its  eqni^aknt  of  si^ar  at  the  ra^e  o         J^^^    ^^^^^  p^^. 

alcohol  found;  after  which  ^^jf, every  20 lbs.  of  gravity    The  amount 

rule  before  given,  which  is  52^11^8  °t  sugar  lor       j  acidimetry.  (See 

of  vinegar  if  next  to  ^e.  determined  by  any  of  ^he  kno  ^^^^  converted 

AcETiMETBY.)  This  vinegar,  or  acetic  acid,  m^^*,  "^e  anhydrous 
t4S TepresLtatiye  of  ^^,^7 -g^^l^^^^f  S  ?onvert'ed  into  pounds  per 
acetic  acid  present  in  the  ^eer,  this  sugar  oei  ^j^^j^l^^  ^ater  is  then  to  be 

barrel.    To  the  beer  remaming  in  the  reton,  sum  grains'-measure ; 

added  that  the  entire  bulk  of  fluid  ^"^^Xn  ^o  60°  F.,  its  specific  gravity  must 
and  the  temperature  of  the  "^^^ture  ha^xng  fallen  ^^  ^^^^^  barrel,  by  multiplying 
be  determined  in  the  usual  way,  ^j^^.*'^  "X^^roduct  by  1000.  The  whole  of  these 
Se  eS  above  1000  by  360,  ^^^^  ^^.^j;  °f/^:iSht  of  the^wort.  Thus,  for  example, 
weights,  added  together,  g^^^^^^/ J^Si^  rti^^r         have  given  1300  grains  of  a 

g,Ag  results:-  ^-^-or'Tr'^'^' 
Alcohol,  223  grains,  equal  to  -      -      _  ^.g 

Acetic  acid,  3  grains  -  .  „  5-76 
Spent  wash!  of%ecific  gravity  1016  »   

Total  weight  -      -  23-66 

is  180  ;  but  it  has  been  shown  tiy  ui. 
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5tk  the  construction  of  our  saccharometer  tables  must  have  been  cane-sugar,  the  atom 
of  which  is  171;  and  hence  the  reason  why  it  must  be  employed  in  this  calculation. 

Ale,  Pale  or  Bitter;  brewed  chiefly  for  the  Indian  market  and  fur  other  tropical 
countries. — It  is  a  light  beverage,  with  much  aroma,  and,  in  consequence  of  the  regula- 
tions regarding  the  malt  duty,  is  commonly  brewed  from  a  wort  of  specific  gravity 
J '055  or  upwards;  for  no  drawback  is  allowed  by  the  Excise  on  the  exportation  of 
Deer  brewed  from  worts  of  a  lower  gravity  than  r054.    This  impolitic  interference 
■with  the  operations  of  trade  compels  the  manufacturer  of  bitter  beer  to  employ  wort 
of  a  much  greater  density  than  he  otherwise  would  do  ;  for  beer  made  from  wort  of 
the  specific  gravity  r042  is  not  only  better  calculated  to  resist  secondary  fermentation 
and  the  other  effects  of  a  hot  climate,  but  is  also  more  pleasant  and  salubrious  to  the 
consumer.    Under  present  circumstances  the  law  expects  the  brewer  of  bitter  beer  to 
obtain  four  barrels  of  marketable  beer  from  every  quarter  of  malt  he  uses,  which  is 
just  barely  possible  when  the  best  malt  of  a  good  barley  year  is  employed.  With 
every  quarter  of  such  nialt  16  lbs.  of  the  best  hops  are  used  ;  so  that,  if  we'  assume 
the  cost  of  malt  at  60«.  per  quarter,  and  the  best  hops  at  2s.  per  lb.,  we  shall  have,  for 
the  prime  cost  of  each  barrel  of  bitter  beer — in  malt,  15s. ;  in  hops,  8s.  ;  together,  23s. ; 
from  which,  on  exportation,  we  must  deduct  the  drawback  of  5s.  per  barrel  allowed 
by  the  Excise,  which  brings  the  prime  cost  down  to  18s.  per  barrel,  exclusive  of  the 
expense  of  manufacture,  wear  and  tear  of  apparatus,  capital  invested  in  barrels 
cooperage,  &c.,  which  constitute  altogether  a  very  formidable  outlay.    As,  however' 
this  ale  is  sold  as  high  as  from  50s.  to  65s.  per  barrel,  there  can  be  no  doubt  that  the 
bitter  ale  trade  has  long  been,  and  still  continues,  an  exceedingly  profitable  specula- 
tion, though  somewhat  hazardous,  from  the  liability  of  the  article  to  undergo  decom- 
position ore  it  finds  a  market. 

The  East  Indian  pale  ale,  or  bitter  beer,  is  now  brewed  in  large  quantities  for  the 
home  market  at  Burton-on-Trent,  London,  Glasgow,  and  Leeds,  but  differs  sliffhtlv 
trom  that  exported,  as  being  less  bitter  and  more  spirituous.  It  is  brewed  solelv  from 
the  best  and  palest  malts  and  the  finest  and  most  delicate  hop,  and  much  of  its  success 
depends  on  the  care  taken  in  selecting  the  best  materials  for  its  composition  It  also 
requires  the  utmost  care  and  attention  at  every  stage  of  its  progress  to  preserve  the 
colour,  taste,  and  other  properties  of  this  ale  in  their  fulness  and  purity 

For  further  description  of  the  brewhouse  and  its  appliances,  with  the  Various  modes 
of  operations,  see  the  article  Brewing.  moaes 
The  English  ale-bibbers  were  a  few  years  since  startled  by  a  public  report  anmrpntW 
well  authenticated,  that  the  French  chemists  were  largely  engaged  in  pt-eJarinSmen  e 
quant,  ,es  of  that  most  deadly  poison  strychnine  for  the  pnrp1,se  ofVruggin|  the  pa  e 
fnlT.P  '  r°  '"'^  P'^'^"*  '°  its  colonies^  The  follow! 

thfs  reoorr  -hich  might  be  quoted,  to  show  the  absurd  ty"f 

tms  report :—  1,  btrychnine  is  an  exceeding  y  costly  article  •  2   Tt        ^  ,v,„.f 
pleasant  metallic  bitter  taste;  3,  It  is  a  notorioi^oison,  and  by'its 'use  in  any  brewer; 
would  rum  the  reputation  of  the  brewer;  4,  It  cannot  be  introduced  nto  ordfnarv  W 
brewed  with  hops,  because  it  is  entirely  precipitated  bv  infusions  nf  thnt  7?  7 
fragrant  herb.    In  fact,  the  quercitannic  acid  of  hops  is  incomna  ibl.  w  . 

cent,  of  malt  extract,  or  nearly  18  lbs  per  r     L"?*"""  ^  ^""^ 

be  reckoned  those  between  the  densitrof  'o25  and  To4°0  wh  f.^^ 
average,  7  per  cent.,  or  25  lbs.  per  barrel.    The  latter  m.v  hi  '  .  ^^^^'n.  at  the 

of  malt  to  1500  barrels  of  beL:  stronger  beer  l  a^^a  .n^^fi'  ^''^  ^""^  '^"^"^'•^ 
1-050  to  1-080,  and  take  from  450  to  750  quarterTof  mnU  t„  °  ^'""^'^^  °'"  f'^O"! 

The  strongest  beer  found  in  the  maiet  is  some  of  Xe  E°  SsV  and  Tf'J  1 
which  from  18  to  27  quarters  of  malt  are  taken  for  iS^Xnc 
porter  requires  from  16  to  18  quarters  for  that  Quanfi?v     1«    ^       '  °^  SOoi 
with  the  addition  of  other  faHnaeeons  matt  ?o  the  malt    but  w^.'  'T'\'''''  ^'"^^ 
stitutes  the  main  portion  of  the  grain  the  malting  of  tb^  i.i'       ^^^n  the  latter  con- 
unnecessary,  for  the  diastase  ofihe  barly  inalt  fh/n'     the  sf  '''''' 
the  mashing  operation.    Even  with  entireV  raw  S  beer  if  ^"'"'"g 
the  Conttnent,  the  brewers  trusting  the  ^or^^rgTof'Zl^^^^^^^^ 
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action  of  the  gluten  alone,  at  a  low  mashing  temperature,  on  the  principle  of 
Saussure'8  and  Kirchoff 's  re«ea^^^«^-,„^  of  the  malt  and  the  duration  of  the 

The  colour  of  the  ^^^J  d^PXi^P,°ade,  as  ^e  have  stated,  from  steam-  or  sun-dried 
hoil  in  the  copper.    The  Pf' ^/'^  A  deep-vellow  ale  from  a  mixture  of  pale- 

malt  and  the  yo"^g^  J^f  Sark-Wn  beer  from  well-kilned  and  partly-car- 
yellow  and  brown  of  the  pale  to  give  body.  The  longer  and 
'Tftrri\  SedTheValf  ras  btn  in\he  kFln,  the  fess  weight  of  extract  c..«n. 
more  '^'^J'£y.^l^^^^^  making  the  fine  mild  ales,  high  temperatures  ought  to  be 
paribus,  does  It  attora.  lu  b  ^  g,  ^n^^e^  ^^  Ao^  ^ery  readily  from 
avoided  and  he  yeast^^^^^^^  that  little  ferment  being  left  in  it  to 
Its  top,  by  '^^^''"^^                    \He  sweetness  may  remain  unimpaired.  With  regard 

quality  of  brown  beer  is  '^.e^^'^e'^' '^^^X^^^^^^^  The  washed  roots  of  the  common 
Lbstitutes  a  mixture  of  it  is  most  ""J'^to         be  first  boiled  in  water,  and 

carrot,  of  the, red  and  yeUow  beet,  or  ^  J«  P^^^^'f^V  water  in  the  copper  along 
then  mashed  into  a  pulp.    This  pulp  ^^^t  oe  im  ^^^^ 
with  wheaten  or  oatmea  and  the  P^P/TX  ^^Ll  way  and  fermente  with  the  addi- 
nine  hours.    This  wort  is  to  be  cooled  in  ^^^^^^^"^^^^^  a  considerable  scale 

tion  of  yeast.  A  much  better  process  is  that  now  P  ^^^^^ated.  The  mashed 
at  Strasbourg,  in  making  the  ale  for  which   ^^^j^^J/.^^^,  weight  of  finely-groimd 

plamul.  »pro«l  forth.    The  proper  »«f  f  J"  8  i,  ,t. 

h  ino?er^d',isVerhrir/r^^^^ 

UberaUly,  been  permitted  by  «t»  I"'?''''"" '"SCun  Lopdon  hopbg,  .«d^  this 
Lrlejialt  in  brewerie.,  an  exte..™  »^^^^^^ 

preteided  boon,  to  acquire  a  »7.  i  „3l  and  sugar  for  the  manufacture  of 

^.certain  bv  experiment  the  relative  values  ot  mail  au    J  examined,  and 

E    tc/ sables  of  Muscovado  J^^VrU^^^^^^^^^^^^ 

^ere  found  to  vary  very  s  ightly  V^^*^  P^°P°"^°i„cr  12  gallons  of  proof  spirit  for 
fermentation  in  a  brewer's  tun,  the  a^fi^g^  Ji^;°-f  o^f  spirit  could  be  obtained 
uTlbs.of  the  sugar;  whereas  an  ^^^^^  J^^.^^e^^^^^^  extract  capable  of 

bn^a^S  ?eer  t  tf  ^5  ^  ZS^^^^^ 
iitTK:r^ rSi=o.'  .he  Exdsc  „  towards 

nSu'gf      object  of  the  bre.er  is  -^^Jrof^r^Z^Z' ^"^i 
«  have  already  shown  (and  "'^V^t  lrootirrit  producible  from  ™r|ous  s,ib- 

average  of  sugar  200  lbs  and  of  bone^  226     ^^^^  remedied  according  to  Mr- B  • 

Ropiness  is  a  morbid  state  ot  beer,  w        ^  ttom,  and  adding,  per  barre  , 
by  putting  the  beer  into  a  vat  with  a  false 
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pounds  of  hops,  taken  away  after  the  first  boilings  of  the  worts ;  and  to  them  may  be 
added  about  half  a  pound  per  barrel  of  mustard-seed.  Rouse  the  beer  as  the  hops  are 
gradually  introduced,  and,  in  some  months,  the  ropiness  will  be  perfectly  cured.  The 
beer  should  be  drawn  off  from  below  the  false  bottom. 

For  theoretical  views,  see  Fermentation  ;  and  for  wort-cooling  apparatus,  see 
Refricekator. 

Beer,  Bavarian.  The  Germans  from  time  immemorial  have  been  habitually  beer 
drinkers,  and  have  exercised  much  of  their  technical  and  scientific  skill  in  the  pro- 
duction of  beer  of  many  difierent  kinds,  some  of  which  are  little  known  to  our  nation, 
while  one  at  least,  called  Bavarian,  possesses  excellent  qualities,  entitling  it  to  the 
attention  of  all  brewers  and  consumers  of  this  beverage.  The  peculiarities  in  the 
manufacture  of  Bavarian  beer  have  recently  attracted  the  attention  of  the  most 
eminent  chemists  in  Germany,  especially  of  Professor  Liebig,  and  much  new  light 
has  thereby  been  thrown  upon  this  curious  portion  of  vegetable  chemistry. 

The  following  is  a  list  of  the  principal  beers  at  present  brewed  in  Germany:  

1.  Brown  beer  of  Merseburg;  of  pure  barley  malt. 

2-     1)  >,  „       and  beet-root  sugar. 

3.  „  barley  malt,  potatoes,  and  beet-root  syrup. 

4.  „  refined  beet-root  syrup  alone. 

5.  Covent,  or  thin  beer. 

6.  Berlin  white  beer,  or  the  Champagne  of  the  north. 

7.  Broyhan,  a  famous  Hanoverian  beer. 

8.  Double  beer  of  Griinthal. 

9.  Bavarian  beer:  1.  Summer  beer;  2.  "Winter  beer. 

10.  „  Bock-beer. 

11.  Wheat  Za^rer-beer  (slowly  fermented). 

12.  White  bitter  beer  of  Erlangen. 

Considerable  interest  among  men  of  science,  in  favour  of  the  Bavarian  beer  process 
has  been  excited  ever  since  the  appearance  of  "Liebig's  Organic  Chemistry  "  In  the 
introduction  to  this  admirable  work,  he  says,  "  The  beers  of  England  and  France  and 
lor  the  most  part  those  of  Germany,  become  graduaUy  sour  by  contact  of  air.  This 
defect  does  not  belong  to  the  beers  of  Bavaria,  which  may  be  preserved  at  pleasure  in 
half-full  casks,  as  weU  as  fuU  ones,  without  alteration  in  the  air.  This  precious 
quality  must  be  ascribed  to  a  peculiar  process  employed  for  fermenting  the  wort 
called  in  German  Unlergahrung,  or  fermentation  from  below  ;  which  has  solved  one  of 
tne  imest  theoretical  problems. 

"  Wort  is  proportionally  richer  in  soluble  gluten  than  in  sugar.  When  it  is  set  to 
ferment  by  the  ordinary  process,  it  evolves  a  large  quantity  of  yeast,  in  the  state  of  a 

hick  froth,  with  bubbles  of  carbonic  acid  gas  attached  to  it,  whereby  it  is  floated  to 
the  surface  of  the  liquid  The  phenomenon  is  easily  explained.  In  the  bodrof  the 
ZT^C^rfT  °^  P''^'^''  •'^'•'ear  decomposing,  there  are  particles  of  gluten  beW 
oxidised  at  the  same  time,  and  enveloping,  as  it  were,  the  former  particles  whencf 

he  carbonic  acid  of  the  sugar  and  the  insoluble  ferment  from  the  gluten  being  simid 
taneously  produced,  should  mutually  adhere.    When  the  metamorphoses  of  ?he  it 

nnn7it  •  i;  ^'^ff  •  ''^^  ^  ^Fg^  1"^°*'^^     ^^^'^^  dissolved  in  the  fermented 

liquor,  which  gluten,  in  virtue  of  its  tendency  to  appropriate  oxygen  and  to l-Pt 

BuTwrl',  'T'"'  transformation  of  the  alcohol  into  acetiSd  (vinegaff 

^IZ  l  .^•^^^eptiWe  of  oxidisement  as  well  as  this  vinegar  ferS 

with  carbonic  acid,  when  the  pressure  is  removed  The' surface  oi^hef^f'"?-'*^ 
wort  IS  always  in  contact  with  thp  mrvo-pn  r.f  tkl  t.  °t  the  fermenting 

-ith  froth,  and  as  all  the  yeast  is  depoS  at  t  boTtZ  nf't'.' V  f  ^'"'^^^  ^^^^''^d 
of  a  very  viscid  sediment,^called  in  °'       '^'^'^  '''''''  fo^- 

menSti^Tt^Ltrbor'nTin  miLlS^h'^^^r^  "^T'^  P~s  offer- 

bodies  in  general,  iJlecoTplTsh^d  s^^^^^^^^^  °f  azotised 

n  the^...  that  the  gluten  fs  ttnsSd  in  L  bt^^^^  .that  it  is 

ferment,  and  that  it  separates  alongside  of  the  c1   o.i  'aX-^^^^^ 
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suo-ar  This  seDavation  is  the  consequence  of  an  absorption  of  oxygen.  It  is,  ho^^. 
everhardly  poTsiS^o  decide  if  this  oxygen  comes  from  the  sugar,  from  the  water, 
or  e;en  froL  an^ntestine  change  of  the  gluten  itself;  or,  m  other  >vords.  ^hf^er  the 
oxygen  coTbrnes  directly  with  the  gluten,  to  give  it  a  higher  degree  of  oxidation,  or 

su-rjinto  carbonic  acid  and  alcohol,  are  two  actions  so  correlated,  that  by  an  exclu- 
sioli  of  the  one,  the  other  is  immediately  stopped."  f  f„v 

The  ZeHicial  ferment  (Oberhefe  in  German)  which  covers  the  surface  of  the  fer- 
menUng  works,  is  gluten  oxidised  in  a  state  of  putrefaction ;  and  the  ferment  of  deposU 
is  the  gluten  oxidised  in  a  state  of  iremacausis.  ,   i       ti,„  cnmp 

The  surface  yeast,  or  barm,  excites  in  liquids  containing  sugar  and  gluten  tlie  same 
altera  ion  which  itself  is  undergoing,  whereby  the  sugar  and  the  gl"t^«  ^^J"  ^  ^^^^Pf^ 
and  tumultuous  metamorphosis.    We  may  form  an  exact  °f  J^'^tt!ers°' 
of  these  two  kinds  of  yeast  by  comparing  the  snperfic^al  to  ^f.getable  «iatte«^^^^^^ 
in  '  at  the  bottom  of  a  marsh,  and  the  bottom  yeast  to  the  rotting  f  .^o^f'^i^. 
7r7macausis,t}.^t  is,  of  slow  combustion.  The  peculiar  condition  o^^^^^^^^^ 

If'S         faTemperature  of  from  46i°  to  50°  F.  the  top  yeast  ^dded^^^ 
slow  fermentation  is  produced,  but  one  -'^^^^^^^^l^^  ^^^^""^ 
while  yeast  collects  both  at  the  surface  and  bottom  o^.t^e  backs.    "     ^  P 
"emovid  to  make  use  of  it  in  other  oP'^-t'^-^t/ofeTi  r^^^  Xn'men^^^^^^  first 
racters  of  tbe  Unterhefe,  and  YT^o^?7?hose  of  Sc^^^^^^^^^  sedimentary 
fermenting  period,  causing  only,  at  59   F.,  Uilierhefe  is  not  the  pre- 

fermentation.  It  must  be  f^efuHj  observed  that  the  nght  ^"^^^^^  P^^, 
cipitate  which  falls  to  the  bottom  of  backs  in  *e  ordinary  terme 
is  a  matter  entirely  different.  Peculiar  pa-ns  must  be  ^aken  to  get  g  ^^^^^.^^ 
a  proper  condition  at  the  commencement,  ^ence  the  brewers  o  ^^^^ 
who  wished  to  make  Bavarian  beer  found  it  more  to  tjieir  ^me  ^j^^^ 
article  to  Wurtzburg,  or  Bamberg,  ^\Bavaria.  than  to  prepare  it  t^e^s  ^ 
once  the  due  primary  fermentation        ^een  est^lis^^^^^^ 

brewery,  abundance  of  the  true  Unterhefe  "^^^  only,  the  presence  of 

In  a  wort  made  to  ferment  at  a  low  ^^^.Pff^^ure  with  depos the  .accAarvm, 

but  it  is  not  competent  to  bring  about  the  oxida  ion  oi  i     g  ^^^^ 
wort,  and  its  transformation  mto  an  insoluble  state,    inis  cn  b 
plished  at  the  cost  of  the  atmospherical  oxygen.  ^^^^ 
^  In  the  tendency  of  soluble  gluten  to  -"^J-ll^^J^Xt  found    It  is  known  that 
,alr,  all  the  conditions  '^^-^r^^^^lf  ZT^^  the  conditions  of  acetification 

the  presence  of  oxygen  and  soluble  glf^n  are  also  ^  ^^^^ 

(vinegar  making),  but  A^Y.  "^l^ trexperience  this  slow  combustion, 

perature  of  a  certain  elevation  for  the  ^l<=;^°AXstio^n^  o^^^  of  alcohol  is  ob- 

Hence,  by  excluding  that  temperature,       combusti^^^^^^^^  y  ^^^.^ 

structed,  while  the  gl-^ten  alone  combmes  with  the  oxyg^^^^^^  ^^.^^^.^^  ^^.^ 

does  not  belong  to  alcohol  at  a  l?7;^«3"g^;^f'i  °,' the  same  condition  as  the  gluten 
case  of  the  gluten,  the  alcohol  In  wines  not  impregnated  with  the 

alongside  of  sulphurous  acd  m  the  ""''!l,^;°^'-„,^\ave  combined  at  the  same  time 
fumes  of  burning  sulphur,  the  oxy  gen  ^^^f^^'^^^^'.f  them  in  wines  which  have 
with  the  gluten  and  the  alcoho  f°«4°°\f;\';the  sulphurous  acid  to  convert  it  into 
been  subiected  to  »H(tem,  but  it  unites  itseu  to  me  »   f  therefore  merely  a 

S     surpiluric.    The  action  called  ^l^ZZt^n ;  the  sugar  and  the 

simultaneous  metamoijhosis  of  P^^f  ^^f^^^'^ts  Sised,  not  at  the  expense  of  the 
UrUerhefe  putrefy,  and  the  soluble  gluten  ^      ^ir,  and  the  gluten  then 

oxygen  of  the  water  and  the  sugar,  but  f  ^he  "xygeu  -^^  of  provisions  is 

U^in  the  insoluble  state.  .  The  P™^^^^/ °^^^Eproc  ss  of  fermentation,  in  which  al 
founded  upon  the  same  principle     ^he  Bavjiu.m  pro^  ^^^^  ^.^     ^  temperature 

the  putrescible  matters  are  separated  emoving  them  in  this  way,  the 

too  low  for  the  alcohol  to  become  ox.di  ed.^y  e        »  is .Fevented- 

tendency  of  the  beer  to  grow  sour,  oi  to  s^^tt-  vegetables  or  meat  which  we  wi 
Apperfs  method  consists  in  Plae'ng.  »^  P^^^.^"",o°',3  to  produce  slow  combustion  lu 
to  preserve,  the  oxygen  ^t  a  high  empe^^atuie,  so^  ^^^^  ^^^.^^^^^  ""^y^XZ 

without  putrefaction  or  even  fermentation.  j      ,         ^re  removed.    In  ti^o 

the  combustion  is  finished,  all  the  causes  of  an  vdte^^m  c  ^^^^^^  experiences  the  com- 
sedimentary  fermentation  of  beer,  we  lemov  e  tnc  mau 
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bustion ;  -whereas,  on  the  contrary,  in  the  method  of  Appert,  we  remove  that  whiVh 

produces  it.  >  -   at  WUJCU 

The  temperature  at  which  fermentation  is  carried  on  has  a  very  marked  influence 
upon  the  quantity  of  alcohol  produced.  It  is  known  that  the  juice  of  beets  set  to 
ferment  between  86°  and  95°  F.  does  not  yield  alcohol,  and  its  sugar  is  replaced  by  a 
less  oxygenated  substance,  mannite,  and  lactic  acid,  resulting  from  the  mucilaffe  In 
proportion  as  the  temperature  is  lowered  the  mannite  fermentation  diminishes.'  As 
l»f ''tvl'n!l^""'f' •  ^"TT'''  hardly  possible  to  define  the  conditions  under  which 
the  translormation  of  the  sugar  will  take  place,  without  being  accompanied  with 
another  decomposition  which  modifies  its  products.    The  fermentation  of  beei  by 

were  being  made,  several  thousand  barrels  were  be  no-  snnnl'd  nil       ^   u  ^ 
r^^si -b^^!^---^  P-ica^^^o^di^^^^^^^^ 

nao-"et^lltuw£t''"l^^^^^  binder  ordi- 

ficeitopreLrve^tSTetter  sortsof  afe'^  '"'"^"^'^  "^^P^'^'  ^«  ^'-^^^'-i" 

several  years  in  enormous  tuns  ouite  fiill  ""^  n°","°^'      ^'^'^^'"g  '^^em  for 

covered  with  sand.    This  tSmen  is  SLh.^^^  "^"''f-'  ^^"'^  t"^"''  *"P«  ^'-^ 

them  deposit  the  wine-stone     A    1^1  f  .  that  applied  to  wines  to  make 

through  the  pores  oT?he  wood  -  L  th?iuan^T''f  °°  ''^  '^^'^ 

beer  is  so  great  relativelv  tn  tL  ^        quantity  of  azotised  matter  contained  in  the 

cannot  aet^^oVtte'aTcl'o  .  InTy^eT  r  bfer°  t^^mfnT'^ '  ''f  ^'--^ 
more  than  two  months  in  smaller  casks  to  whJn^  -  v.  ^'^^^S'^'l  ^'U  not  keep  sweet 
the  Munich  brewers  is  to  cZuct  the  fe^enttL  of  nl'^^'f '  '^'^^  F"''^  '''''' 
ture  to  permit  of  the  acetification  of  the  akohol  n"-!  ^  ^ort  at  too  low  a  tempera- 
te be  completely  separated  by  ?L  intervention \f  °>'^«<^'-s 
the  sacrifice  of  (he  sugar.    l[is  on  y  in  Mnr?h      a  X  °f  t^e  air,  and  not  by 

is  begun  to  be  made  in  Bavaria      ^  ^""^  ^^^^       good  store  beer 

menttnSS  o^B'eVr^'-i''^       ^""^'^  ^^^'^^  ^^--'^l  examination  of  the  under- 


Name  of  the  Beer. 


Augustine  double  beer -Munich 

salvator  beer  —  do.  - 

Bock  beer  from  the  Royal  Brew- 
ery—do. 

Shenck  (pot)  beer,  from  a  Bava- 
rian country  brewery;  a  kind 
small  beer. 

Bock  beer,  of  Brunswick,  of  the 
isavanan  kind. 

Lager  (store)  beer,  of  Brunswick, 
ot  the  Bavarian  kind. 

Brunswick  sweet  small  beer 

isrunswick  mum  ... 


Quantity  in  100  parts  by  weight. 


Waler. 


88-36 
8r-62 
88-64 

92-94 


88-50 

91-0 

84-70 
59-2 


Malt  extr. 

Alcohol. 

8-0 

3-6 

8-0 

4-2 

7-2 

40 

4-0 

2-9 

6-50 

5-0 

5-4 

3-50 

14-0 

1  30 

39-0 

1-80 

Carb.  acid 

Analyst. 

0-14 

Kaiser. 

0-18 

Do. 

0-16 

Do. 

0-16 

Do. 

Balhom. 

Otto. 

Do. 

0-1 

Kaiser. 
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ctiM<r<!  too  firm  to  the  liusk,  it  has  not  been  steeped 
long,  ho-wever,  as  the  seed-germ  ^7;°  '?°jn^lt.floor.  Nor  can  deficient  steeping  be 
enough  for  exposure  on  the  "'^.^^I'S";" -j-uiing  the  malt-couch  with  a  watering-can, 
safelf  made  up  for  afterward   by  s^^^^^^^^^ 

which  is  apt  to  rende;the  malung  -  ^^^P^^^^  ^1     .  fi,,^ 

peatedly,  accordmg  to  t'^^  degree  01  i«  ^^^^^.^j  ^^j^^^g .  ^fter. 

hours  after  immersion,      I'^g  P/l^  everT  12  hours.    It  loses  none  of  its 

wards,  in  winter  every  24  ho^^-  pSTce  may  think  to  the  contrary.  After 

substance  in  this  way,  7^^^^^^^^%;"JS3tone  Ser^^^  the  Bavarians  leave  the  barley  to 
letting  off  the  last  water  from  the  stoiae  cisier^  ^^^^^  q 

drain  in  it  during  four  or  six  hours.    It  is  now  taken  °w  ^^^^.^^^ 
square  heap,  eight  or  ten  -cbes^g"'  ^^^J^  upon  the  top  and  hotto'm  of  the  new- 
^ith  dexterity,  so  as  to  throw  the  "^ff  f  as  the  grain  itself,  the  malt  is 

made  couch.    When  the  acrosp.re  has  J^come^s  long  b .  ^^^^^ 

Tarried  to  the  u;ieAem3(W-«e»)  or  drying^^^^^  daily  turned  over  three 

fndry  weather)  during  from  eigh    «  ^u^Sd  wefu^  cylinder  or 

times  with  a  winnowing  shovel,  ^t  f  X't  Sout  teing  browned  in  the  shghtest 
flue-heated  malt-kUn,  at  ^^S^.^^f  ^'^l^^^jSreal     Sm^^^  i«  entirely  rejected 

degree,  while  it  turns  friable  into  a  fine  white  meal.  ^^^.^^  ^^^^ 

by^the  best  Bavarian  brewers,  ^heir  mah  is  driea  interstices,  or  perforations, 
zontal  shelves,  placed  over  each  other,  "P  f^^^f  ^^^aces  of  rows  of  hot  sheet- 
streams  of  air,  heated  to  on  y  122°  F.,  Into  these  pipes  the  smoke 
on  pipe-flues,  arranged  a  little  -^y  Wow  the  Jelve^.^^^^_  ^^^^^  ,s  encM 
and  burned  air  of  a  little  f'^'-n^^^^  °^  the  gJ°^J»J^^^^  ■  i^^^es  for  conveying  away 
in  a  vaulted  chamber,  from  whose  top  a  large  wo  completely  dried  on 
t,e  friX^pat^S'from  18^24  tuS  by  a  gentle  uniform  heat,  which  does 

Tomr^on  kind,  ^^y';\H°''^:Zr&Zst  growth  of  Bavaria,  called  the  fine  spaU^,  or 
The  hops  are  of  the  best  and  «eshest^°  ^^^^  ordinary  hops  ot  the  rest 

saatser  Bohemian  townhops,       are  twice  as  deaj-  ^^^^  .^^^  ^ 

is  formed  without  lumps.  It  is  ten  ^nub  ^       g'^'"^''^  F 

l.^eSfp'^tinto  the  -PP;^,"^^^^^^^  \^'''l^!:n  noo^^^^^^ 

into  the  mash-tun  r^f^^'^tich  the  copper  has  \ep  kept  lull,  180  ^^^^ 
After  an  hour's  "^terval,  during^  ^^.^^^^^  "^^'^'^^V^Jilto  itand  brought 

quarts  of  water  are  run  into  the  tun.  is  transferred  to  it,  an  b 

Vied  of  water  the  ^af  m  f  ur  ^^^^^  ^„  P«rVatf  S  S  When  the 
quickly  to  the  boding  point,  v^itn  ^^^^  temperature  foj^.^^^^.^.'^ess  is  called,  in  Ba- 
^nd  getting  burned  a^^^^^^  P^^^^  -rr,'™The  ma  h^next  returned  to  the 
mash  rises  by  tj^  ebuui      ^  dickmaisch  Kochcn         Jf^^sh-wort  are  kept  ready 

of  the  tun  into  the  ^"^t-cistern  ^s  p^     ^^^^^^  thoroughly.  ti,e 
-•^         tir.ii  Vsoor  brewinE.    iUiei  I"" 


aft^r!  or  Xll-beer.  brewing,    -^ei  -       -  .^^^^^^^^^^ 

drawn  off  clear.  ^  ^  tigh  with  the  ^"'^t,  the  nop  ^^^^^  ^„ 

the  hop-filter  into  the  coolmg  cis  e^  ^^^^^ 
^  •A  Bavarian  7»aas  -  m 
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is  exposed  upon  an  extensive  surface  to  natural  or  artificial  currents  of  cold  air  sohq 
to  be  quickly  cooled.  For  every  20  barrels  of  Lagerbier  there  are  allowed  10  of  smal/ 
beer  ;  so  that  30  barrels  of  wort  are  made  in  aU. 

For  the  winter  or  pot  beer  the  worts  are  brought  down  to  about  59°  P.  in  the  cooler 
act  the  beer  is  to  be  transferred  to  the  fementing  tuns  at  from  54-5°  to  59°  F  •  for 
le  summer  or  Lagerbier,  the  worts  must  hp  hrnno-ht  H^wn  ;n  tj,^  1„_   V^r. 


auu  lue  ueei  is  to  De  transierred  to  the  fementmg  tuns  at  from  54-5°  to  59°  F  •  for 
li'oT^^""     f  "^f  7°rts  must  he  brought  down  in  the  cooler  to  from  43°  to 

45^°  and  put  into  the  fermenting  tuns  at  from  41°  to  43°  F 

A  few  hours  beforehand,  while  the  wort  is  still  at  the 'temperature  of  631°  P  a 
quantity  of  /oM  must  be  made,  caUed  Vorstellen  (fore-setting)  in  German  by  mik^ 

state  to  be  added  to  the  worts.    The  lobb  is  knotn  tT^      ^'    T  ^^'^ 

From  57°  to  59°  F.  -       .       .             c  irr  rr  , 

„    53°  to  55°       -       .       :       ■     I  0/ Unierhefe. 
„    48°  to  50°       -       -       -       .    10  " 
„    41°  to  43°      -       ...    ,0  " 

"  " 

Somerecommend  thatwort  for  this  kind  of  fermentation  7-7-„,     •■/       n,  , 
be  set  with  the  yeast  at  from  48°  to  57°    hnt  thTlT     ^  (fi^^  Untergahrung)  should 

the  summer  or  Lagerbier  at  from  41°  to  '43°  F      ^    ''^  ^"^'"'^  i«  set 

fro^m\rt:ti^irV^SfSZ;,^^^^^  '^V^^  -urse  of 

in  the  middle.    Aft^r  another  12  o%4  hour?  the  ft-nr*  ^  '^'^^^  whiteness 

in  a  third  like  period,  these  curls  shVutd  be  Lnged^nfo  fs?n  tiX'?  '^^^'^ 
mass.    In  from  24  to  48  hours  more  thp  h^r^^^    1  i  v  ^"'^  j"gner  frothy  brown  sli 
through  the  beer,  so  as  to  XwTt  to  be  se^^  in  oSr.fn  ^- ?  P°^*'-o°« 
turned  over  into  the  smaller  ripenbe  tuns  I  flT^  \  '^'^  ''^^^    »^^y  be 

But  when  the  worts  have  been  sefto?e^rmen  at  f  5m  Tr"  4l°t'yh'''^  °'  ^-'^ 
eight  to  nine  days.    The  beer  is  transferred  tftZ  y^-     f  ^^^^  require  from 

skimmer,  by  m/ans  of  the  stopcock  tar  ^f^  tfom^^^^^^^^^^^  top  Jeast  by  a 

Srs  run  into  an  intei-mediate  vessel,  in  order  that  thTtl  I  t"^^^  either 
well  mixed,  or  into  each  of  the  zJ/r  casks  fn  a  l^V  PO^^t'o^s  be 

top  and  bottom  portions  are  introdS  In  L  rfneS  if  "'.',1  'l"^"*'"^^  °f  t^e 
be  too  low.  The  best  keeping  beer  can  nev«  be  hrp3  f''  temperature  cannot 
worts  at  setting,  and  of  coursi  the  fermentb^  vln^t  ll  ""i'"''  temperature  of  the 
where  this  manufacture  is  carried  on  TndeV  jSmpnf  •  ^°  ^^^^ria, 

IS  prescribed  by  law,  which  is  for  the  undJr  fpJ  ^  '  inspectors,  a  brewing  period 
(29th  September)  to' St.  George  (23rd  iS  From^tf  ^i"^^''^''^'-'  ^""^  Michadmas 
the  ordinary  top-harm  beer  alone  ^  toTe^maJe  Th  ^"'^  *°  ^""^^"^  P"iod 
quite  full,  and  they  are  to  be  closed  merely  whh  a  lool  h  "^'"'"^  '""^t  be 

working  over  of  the  ferment.    But  should  ThTf^      f  '°  °''<^^''     allow  of  the 

SIX  or  eight  days,  a  little  briskly  f?rSJiz±.T'''*'*'°\^P.P^^^  '^°g"id,  after 
Lagerbier  tuns  are  not  to  be  quite  Xd  .n  ^rf^  "^^l  introduced.  Th^  stZ 
beingdischargedin  the  ripening  fLSatL.  but''t''h:'°*.  f'^V'^^Y  particles  from 
q^e  full.  as  this  beverage  is  ^-naeT^lpsel^st^^^^^^ 

ieetpribt  :^!t:^^^  ^^P-^-^  easks  and  Z 

at  right  angles  to  a  main  gSlLy,^o  hit  L 'Either  "^^^--^  '^^  ^oo^s  se'  off 

well  secured  with  triple  air-tight  doors   t  mav  hp     f '  T^^''  ^^"^  ^^^ernal  opening  S 
spect  the  interior  without  the  admissTon  S  ^  at  any  time,  in  order  tn^n 
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;t  .qpprpases  in  sweetness,  by  tLe  judicious  manage- 
in  vinous  strength  in  proportion  as  ^^^^^^^'W^^t^l.s.  i,,'  several  parts  of  Germany 
ment  of  the  Nachgahrung,  or  <en«entf  w  Cing  sulphur  in  the  casks  before 
a  keeping  quality  is  con>mumcated  to  beeu^  o^^^^  ^^^^^^  ^^^^^  imparted 

filling  them,  or  by  the  '"t^'i^^'^^^^^Ve  'SrrNiirn  Hof,  and  the  other  ch.ef 
is  disliked  in  Munich  B^yj-'^^^^^^^^Sp^^erv^  sought  for  in  an  aromatic 

tovvns  of  Bavaria  »°ff*?f,,^'l\°Vthe  inside  of  the  casks  are  carefully  coated,  and 
mineral,  or  Tyrol  p^<c/,,  with  which  th^^^^^^^  December  and  January,  after  the 

i„  which  the  »•iP^bee.'•  is.keP  ^^f  /^^^  ^  ^^^^^le  ^oors  of  the  cellars  are 

casks  are  charged  with  tl^e/^  "^^^  °;„J°;^  S,  to  prevent  all  access  of  warm  air. 
elosed,  and  lumps  of  ice  are  Pl^f  ^^S'^/^J  J^^,,'  to  take  out  the  beer  for  consump- 
The  cellar  is  not  opened  ^'^  ^^xt  Aug^^^^^^^^^  wine  ;  and, 

tion.  In  these  circumstances  the  ^^^^  ^/^^^gaged,  little  or  none  of  the  additionally 
since  but  little  carbonic  acid  gas  has  oeen  uiscub  fa  . 

generated  alcohol  is  lost  by  evaporau^^^^^^^  „,onths  of  October,  November^ 

^  The  winter  or  shank  (pot)  ^e^^^  J'^f  in  December,  January,  and  Feb- 

March,  and  April  but  the  «"«}°^«'^°;  .f;/^  ""-^Z  the  former  beer,  the  hopped  worts 
rnary,  or  the  period  of  the  ^^^-If^^oTo  ^5°  but  L  the  latter  to  from  41°  to  42f  F 
are  cooled  down  only  to  from  51  to  -^5  i  ^ul  intended  to  be 

The  winter  beer  is  also  a  little  t^fen  Leasnre^  of  fine,  dry,  sifted  malt,  of 
sooner  consumed ;  since  four  bushek*  <^^^l ^^^^\Lrs  of  winter  beer  but  not 
large  heavy  Hordeum  ^^^9<'r\ff'^'?'''T°l^^^^^^  At  the  second  infusion  of 

moi-e  than  from  five  and  a  h^^^fn  the  lo"  20  quarts  for  the  above  quantity  of 
the  worts  small  beer  is  "Stained  to  the  amoun  ot      q^^  ^,  ^^^^^  are  reckoned 

malt    For  the  above  quantity  of  winter  Deer  d  ^j^^  t^r 

^xfficient  ■,  but  for  the  summer  beer,  ^om  7  to  8^bs.  ot  t  f,,„,entation  has 

into  casks  for  sale.       .  favourite  double-strong  beverage  of  t"^^  JJ^^* 

Bock  Beer  of  Bavaria.  -  This  f  ■         consumers  to  prance  and  tumble 

Z««;r  description,  which  is  so  'X^ord  Bock  has  both  these  meamngs 

about  like  a  buck  or  a  S"^* -'-^"F.^^.S'oiie  third  greater,  and  is  therefore  made 
It  i  merely  a  beer  having  a  specific  g'-f 'Yit  with  he  lame  proportion  of  hops,  and 
wi  ha  ttod  greater  P-P-'-\f,r  'it        a  somewhat  darker  colour  than  the 

^bssumes  the  merit  ^^T^^^t^^S^^^ 
i„t??hrbeermanufact^e.  H^^^^^^^^ 


y.immermann  assumes    i  ounce  of  it  is  sumcieuu  o-  . 

intoT  beer  manufacture.       Jf/^.^^t^e  act  of  Uing  -^th.the  hops  but  in  that^of 

'beer  ;  and  that  it  oP^^^'ukrTs  ani'brcks  b^  the  fermentation  'thrgluten  au^ 
cooling  as  f^^J^ the  coiBmixture  throws  up  Ae^  ^^^^ 
ever  this  change,  >i°7^^f.'.        j^^a  black  scum,  which  >=  t° ^f  much  of 

On  the  Clarify^r.gor  Cleanng^^  .^^^^^^^^  ?r°^°''''tler  onl  riSpe  or^ther, 
soluble  in  the  beer,  and  bj  fo^^^^^  ^^^^.^^  ^^^^'^'^r^bUe  of  e4  or^vine,-o^ 
and  other  viscid  vege  aWe  extr  ^h^^^^^^^^  ^""'u'  jSid  liquor,  and,  in  their 
have  been  most  ^^ed  ;  the  torn  ^^^^    ^^^^^  ,be  tui bid  uq  ^^^.^  ^^^^^ 

mechanically,  by  ^^^"S^'^'^'^ith  them  the  floating  vegetable  -^^^^  articles. 
r^rP^initation  carrying  down  wiin  ^^t  entirely),  and  otne 


mechanically,  by  ^eing  ^bem  the  floating  vegetan  e  — -  ^,,ieies. 

precipitation  carrying  down  witu  ?'".'^'^'lv  such  matters  as  exist 

belong  sand,  ^one-black  (m  some  •Irwood  e  ue.calves'-feet  jelly, 

The  latter  means  are  "^ery  impe      ,         ^^.^^^^  ^^^^^^  blood,  gme,  ^-        ..f^.^t  jelly 
Seady  in  an  --f  ^^.tSglass  have  been  chiefly  recommciided.    CaWes  ^  ^.  J 
hartshorn  shavings  and  ismg  as  ,  ^^^._^^^y^  ,.bere  ™       ,  and  to  impart  the 

LX^.m^e^/h\tT/^^^^^^^^^ 

same  to  the  beer.    In  these  islands,      ^         ^  ,  P..^^^^^ 

1  Lib.  Munich  =  \  iio  04, • 
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or  sour  beer,  is  almost  the  sole  clarifier,  called  finings,  employed.  It  is  costly 
when  the  best  article  is  used;  but  an  inferior  kind  of  isinglass  is  imported  for  the 
brewers. 

The  solvent  or  medium  through  or  with  which  it  is  administered  is  eminently  inju- 
dicious, as  it  never  fails  to  infect  the  beer  with  an  acetous  ferment.  In  Germany 
their  tart  wine  has  been  used  hitherto  for  dissolving  the  isinglass ;  and  this  has  also 
the  same  bad  property.  Mr.  Zimmermann  professes  to  have  discovered  an  unex- 
ceptionable solvent  in  tartaric  acid,  one  pound  of  which  dissolved  in  24  quarts  of 
water  is  capable  of  dissolving  two  pounds  of  ordinary  isinglass  ;  forming  finings 
which  may  be  afterwards  diluted  with  pure  water  at  pleasure.  Such  isinglass  imported 
from  Petersburg  into  Berhn  costs  there  only  3s.  per  lb.  These  finings  are  best  added, 
as  already  mentioned,  to  the  worts  prior  to  fermentation,  as  soon  af  they  are  let  into 
the  setting-back,  or  tun,  immediately  after  adding  the  yeast  to  it.  They  are  best 
administered  by  mixing  them  in  a  smaU  tub  with  thrice  their  volume  of  wort,  raising 

■^lZfl'LTr^"°'^^^\-^l''^  ^'"'^a-hesom  in  German),  and  then  st  rring  if 
into  the  worts.  The  clarification  becomes  manifest  in  the  course  of  a  few  hours,  i nd 
TtfJ^  f  -IIV  ;^°'°P'«'e^'       T'eer  will  be  as  brilliant  as  can  be  wished  ; 

the  test  of  which  with  the  German  topers  is  when  they  can  read  a  newspaper  while  a 
tall  glass  beaker  of  beer  is  placed  between  the  paper  and  the  candle.  One  quar  of 
iZroV  n  'T^^^'^  I"^  be  generally  foHBd  adequate  to  the  clearing  of  00 
lager-beer,  though  it  will  be  surer  to  use  double  that  pro- 
fntoThP  hoflTc^tV       Carrageen  moss,  as  finings,  is  to  be  cut  in  fine  shreds,  thrown 

Cs   ^thiwhT'r''^^^^  ^°  ^^P^'-^t^'       before  adding  the 

iops   after  which  the  boihng  is  continued  for  an  hour  and  a  half  or  two  hours  as 
need  be.    The  clarifying  with  this  kind  of  finings  takes  place  in  the  coofer  so  that  a 
limpid  wort  may  be  drawn  oflF  into  the  fermenting  back  ' 
Prfrt'r  "         "'■^'^'^^^^K  W^e«^-6'eO.-This  is  the  truly  national  beverage  of  Prussia 
Proper.    It  is  brewed  from  ]  part  of  barley  malt  and  5  parts  of  wheat  mf It  mingled 

witn  water  at  95  F.,  in  the  proportion  of  30  quarts  per  scheffel  of  the  malt  to  which 
pasty  mixture  70  quarts  of  boiling  water  are  forthwitLddedfand  the  wS  is  misl  S 

tt^^^f^rh^^teX"^^^^^^^^ 

rally  Wntrd*  '        P"^^'^'"''  °^       ^^^^  -  -binary  barm,  and^ery  mode! 
suct^tr^-^TyLTSL^T^^^ 

mash,  t^in  and  thick,  fs  to  LT.eSl'.'  f^     a  fine  st^^ch  paste,  the  whole  malt- 


present  in  the  two  substances  imo  sugar  and  dk°  r^  "t!*  T'''-  ''''  ''^''^ 
manifest  by  the  white  nastv  lin.iiH  iV       •  This  transformat  on  is  made 

happens  thl  fire  is  to  be'r^^keThe  Crt^T^^""^  Whenever  this 

10  minutes.    The  fire  is  then  withXa^  ?T,  ^^"^      ^^^P        ^^is  heat  for 

ferred  into  the  mash,  worked  ^  i  ther'and  iTffto  '.f       'i^f^  """^ 
which  time  the  copper  is  to  h/wncr^      .      ,  *°  •^''"^^  ^""^  ^^^^  an  bour  ;  durina- 
boiling  water.  '°  quickly  charged  once  more  ^itf 

possible thh  tre'lie%?oportSrf  hlf°"  w1  ^-'^d  as  soon  as 

desired  quantity  to  the  drSd  mash  ^fU  if    '  Z^'"'  added  in  anv 
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of  saccliarum. 


  7     oAtn27'lbs.  of  tWck-sTell-toiled 

brewed  from  pot        H  _    _  v„o. 


brewed  trom  pu--"'"  ;^ 


in  Bavaria  for  tottling  beer. 
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The  following  analyses  of  German  beers  are  by  Leo : — 
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I 

Lichtenhain. 

Upper 

^Y' 6111131*. 

Ilmonau. 

Jena. 

Double  Jena. 

Alcohol 

x\.iL)UIIlt;Il  — 

Extract  -       -  - 
Water  - 

3-  168 
0-048 

4-  485 
92-299 

2-567 
0-020 
7-316 
90-097 

3-096 
0-079 
7-072 
89-753 

3-018 
0-045 
6-144 
90-793 

2-080 
0028 
7-153 
90-739 

100-000 

100-000 

100-000 

100-000 

100-000 

Under  the  term  extract,  in  these  analyses,  is  meant  a  mixture  of  starch,  sugar  dex- 
trine, lactic  acid,  various  salts,  certain  extractive  and  aromatic  parts  of  the  hoc  e'luten 
and  fatty  matter. 

T«o  ^Qnl*''^  f  ^^^^  ale  e^orferf  from  the  United  Kingdom  amounted  in  1850 
S8!?9i!l'dT7'^87:?  "  ''''  '""^  'i-l-'l being  respectively 

In  1856  we  Imported,  according  to  the  Board  of  Trade  returns, 


Of  Mum  - 
„  Spruce 
»  Ale  - 


Gallons, 
160 

-  63,486 

-  11,477 


the  Exports  in  1856  from  the  United  Kingdom  were  as  follows  .— 


Couutries  to  which  sent. 

Barrels. 

Declared  real  Value. 

To  Russia,  Northern  ports  -       .       .  . 
„  Crimea 
„  Prussia 

„  the  Hanse  Towns  - 
„  France  - 
„  Turkey 
„  Java  - 

„  China  (exclusive  of  Hong  Kong)  - 
„  Cuba  -       -       .  . 
„  United  States  - 
„  Brazil 

„  Uruguay  (Monte  Video)      -       -  I 
„  Buenos  Ayres      -       -  . 
„  Chili  I 
„  Peru 

„  Channel  Islands  - 
„  Malta 

„  British  Possessions  in  South  Africa 
„  Mauritius  - 
,1  Aden 

„  British  East  Indies       -       -       .  I 
„  Hong  Kong-       .       _       _       _  _ 
,,  Australia    -      -       -      -       .  ^ 
„  British  North  America-       -       .  " 

"  ^^l^'^^Jl^^^  I°d'a  Islands,  including 
British  Guiana  -       -       .       .  . 
„  other  countries                   .      _  ~_ 

2,256 
3,274 
2,624 
3,633 
4,601 
11,829 
689 
987 
4,814 
31,765 
7,424 
684 
1,705 
2,448 
1,836 
3,533 
1,979 
7,298 
3,368 
2,176 
99,997 
2,131 
169,811 
7,951 

19,194 
12,405 

£  8,044 
12,738 
8,658 
12,463 
15,739 
42,779 
2,975 
4,024 
18,443 
140,067 
31,145 
3,150 
7,074 
10,182 
7,567 
10,088 
8,020 
30,340 
9,768 
3,927 
283,604 
8,596 
629,965 
31,694 

62,954  f 
51.040 

410,412 

^1,474,844 
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Countries  to  which  sent. 

Barrels. 

Declared  Value. 

To  United  States  "'III 
,,  Brazil- 

British  West  Indies  - 
"             ■Pnst  Indies      *       -       "  " 
Australia 

I,  other  countries  

26,020 
13,934 
20,413 
82,899 
198,049 
93,666 

59,782 
69,278 
267,389 
746,740 
334,049 

434,981 

£1,591,626 

BEES'  ^YAX.    The  solid  xnatter  ^^^.^^  Ttl.TZ'  S^eW... 

according  to  Huber,  hy  an  organ  situa  ed     ^^^^~°The  large  fleshy  root  of  the 

BEET  ROOT.    C^^"' f " ^/e  ^wHitinct  specifs  cultivated  each 
beet,  a  plant  of  the  genus  ^^'^-Ji^^^^^^/JJ"  educing  s^^^^^^ 
containing  several  varaeties.        called HoWen.  s  p^        _g^^  ^         ^^^^^  ^ 
other,  the  FuZF«'-'j.  distinguished  by  it^^^^^  gardens,  and  used  as  a  vegetable 

L  co'^TmS.  ^eet,  for  cattle  v.hich 
introduced  into  England  at  the  latter:  ^-^^/^  ^^  oV  great  repute  and  one 

is  generally  attributed  to  t^L\  l^te  Dr.  Let^m  a^^^        ^  ^^^1^  but 

—Penny  Cyclopcedia.      ■  . 


Substances  contained. 


Potassa  " 

Soda      -       *       "  "  _ 

Lime     -       "       "  *  _ 
Magnesia       '  " 
Sesquioxide  of  Iron 

Sulphuric  Acid       -  -  " 

Silica  "  .  .,' 
Carbonic  Acid 

Phosphoric  Acid  -  "  " 
Chloride  of  Sodium - 

Total  amount       "    ,  ' 
Per-centage  of  ash  m  the  dry 

Pe^-SntS  of  ashlnth;  fresh 
substance 


Yellow  Globe 
Mangold  Wurzel. 


Root. 


25-54 
19-08 
1-78 

1-  75 
0-74 

3-  68 

2-  22 
18-14 

4-  49 
24.54 


99-96 
11-32 
1-02 


Leaves. 


8-34 
12-21 

8-  72 

9-  84 

1-  46 
6-54 

2-  35 
6-92 
5-89 

37-66 


99-95 
14-00 
1-40 


Long  Red 
Mangold  Wurzel. 

Red  Beet. 

Root. 

Leaves. 

Root. 

21-68 
3- 13 
1-90 
1-79 

0-  52 
3-14 

1-  40 
15-23 

1-65 
49-51 

27-90 

3-  01 
8-17 
7-03 
0-96 

4-  60 
2-26 
6-45 

5-  19 
34-39 

51-10 

2-45 

2-  94 
0-35 

3-  31 
019 

10-77 
1704 

99-95 

99-96 

• 

99-99 

7-10 

17-90 

7-  8 

0-64 

1-79 

lure  of  1 V  ™  "  ■- 


Centners. 

.  11,525,678 

For  the  year  1849-50       -       "       _       .  16,000,000 

1850-  51       -       -       _       _  20,000,000 

1851-  52       -       "  avoirdupois  pounds. 
■  =  ;„  rlifferent  localities,  from  100  to 

The  centner  -vanes,  in  dinereni  lu^. 
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RFT  ?''^.?T?^A^'  (^^i!"^'""/'  Fr-)  The  Atropa  Bettadona,  or  deadly  nightshade. 
UYi^hL.  METAL,  an  alloy  of  copper  and  tin.    See  Copper. 

mann-^"^^^"^^  ^"^P^'^^     Tin.  (£tom  *«/;,/i«r^.  Haiiy;  Zinnkies,  ILeiXLS. 

The  composition  of  the  ordinary  variety  of  this  ore  is, 


Copper-       -       -       .       .      .  30-0 
Iron 
Tin 


Sulphur 


-  12-0 

-  26-5 

-  30-5 


99'0 


Egyptians,  and  at  a  very  early  date  amonsrst  th^  Phino!.  a  n  "  ^^^^^  ancient 
bells  are  manufactured  of  bronze  or  h^nluih^^l  n  ^'V^^  celebrated 
respective  heads).  Ueil-metal  (these  aUoys  are  described  under  their 

The  following  are  the  weights  of  a  few  of  the  largest  beUs 

lbs. 

The  great  bell  of  Moscow      -       .       .  443779 

The  bell  of  St.  Ivan       ....    li  jlll 

Another  bell  in  the  same  city  -       .       .     39  307 

^{."''t,  „  •     ^  ditto,  cast  in  1819    -       ,  i]2'ooo 

The  beU  in  the  cathedral,  Paris      -      .  agsno 

?}."°^„.    .  Vienna    -  . 

The  beUm  the  church  at  Erfurt     .       .  30800 

Great  Tom  of  Oxford     -       .       .  ,7'^°° 

Ditto  Lincoln  ' 

The  hell  of  St.  Paul's,  London'  ."  If^l 

^4^^?^^^^^^^^^  ^  -^'^-tly 

and  exhibiting  a  verf  porous  structl^  l  <fn.^^  ^reat  inequalities, 

js  to  succeed  it,  we  know  «s  yer^othbr  M^n^^  ■''^  ""'''^'^  of  the  bell  which 
intrusted  the  construction  of  the  beU  mLhes  fW?r°''°°'  *°  ^^""^  Government 
bells  in  his  lecture  at  the  Royal  InsSmTon  1  ''"^^'^^  ^^ni  of 

JNow,  from  these  and  other  e-)fTi<»ri'mor.ti.  t  i, 
of  the  common  and  well-kno^uTape  w^  aSk'C'  *°       .T^^"^'""  '"^^^  ^^''^ 
effective  known  instruments  for  producTnfa  loSd  ..H^  ^ost 
want  when  you  erect  a  large  publL  clock  „r  n^,f  T'^.^^  as  you 

confess,  also,  that  after  trying^  at  Messrs  w  J      P  °^  ^'^'^''^'^  And  I 

bells  of  the  usual  oenera/ form  bntwffr  ;  ^  number  of  experiments  with 

satisfied  that  ther'e  is  nlthing  fo  he  gLe'rbv  dt"  f  °°  ^  3^ 

hshed  proportions  of  the  best  old  beu!  An^I  th  ■""^'''"'^"^  ^'■"'^  ^^'^b- 
views  to  tell  you  that  Professor  Wheats  tone  ha  Jn^^  "  '""^^  confirmation  of  my 
of  Works  with  Sir  C.  Barry  on  h\^  n^r,  .  '  .^^  commissioned  by  the  Board 
Paris  Exhibition  respeetinT  the  most  esSd  'v  i^formatio^  at  the  late 

whether  there  are  in  those  countr^^  ™!t  '°  ^■■^"ce  and  Belgium  and 

or  who  have  applied  the%~e"L  „tsd^^^^^^^^ 

efficient  substitutes  forihem  ha-i  rnvZ\    1  .  ^°  ^^'^  improvement  of  bells  n,- 

substitutes  have  be^n  discovSc'dTnor  i^leTfa  ^^'^'^'^^"^^^^  "-^^  such  efficient 
hshed  mode  and  materials  for  oasUnV  them  ZoT  ^'^P'-ovement  on  the  es  ab- 
have  been  rather  impressed  with  the  meriS'nf^l      ^'""'"^  ''"^       '"deed,  seem  to 

-  =^i^c^saniS~  ^ 

=7as\re^ffiS^- 

expensive  compound  of  connnrf  ^  ^-^  """^      ^  "^^^^p)  subst  tute  for  1  '"^"'^ 
^-f-,,^,h-tsto'ne'sopfnirnX""'""'  '''''  ^        -^^le.  thaf  ^em^rto't  Pro' 
In  1856,  we  exported  of  B.r.x.s  and  E.xi.  Metai.  :^ 

Cwts. 

815  Declared  Value. 
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,  „  r>f  fotton  cloth  woven  ■with  coloured 

Bengal.  .    Vr- ■  <inlhnusse  Gerra.')    The  tree  which  furnishes  these 

said  to  be  far  ''f J4  wmpemt.ire,  the  oil  of  ben  separates  mto  two 
„sed  by  A' fa    L  ra»ronl»  .»ied  for  On  account 

ri\na""rorr"^iX'.^  o^V  »!t  "li-sir 

'HyiiVrS'S  T^:?^rSS^"rSi"So?."Ved?;S  ac,ing,it>.r.d.ci.g 

a<Tents  on  arzobenzide  and  azoxibenzide.-C  G.  "^^^^  ^.^^i^^ 
'''BENZOIN,  or  BENJAMIN.   C^^^o"  F^^^  .,^^3    Je  insoluble  in 

used  chiefly  in  perfumery  ;  '^11^  '^  ,^Znl  Munches  oUhe  St^^^^ 
water.    It  is  extracted  by  incision  from  the  ^unK  an  ^^^^  kingdom 

Ly;/.oca,pus  6e».om,  7*^-^<=\g7,7^"ij;:;;Jrn^^^^^^^^^^  and  the  natural 

of  Siam.  The  plant  ^-^--^\'Xen.SnZ^^^^^^^  quantities  spontaneously  from 
family  of  the  Ebcnace^.  incisions  in  the  stem,  just  below  where  the 

the  ti4es;  hut  it  is  ^^^'^''t^^^^y  "'^^^^^^^^^  attained  an  age  of  five  or  six  years 
branches  are  given  off,  as  soon  f  J^l^^f^v^^^  years,  when  the  tree  becomes 

These  incisions  are  repeated  ^ach  year  for  about  tweiv  y      ,  ^  ^^^^ 

exhausted.    The  res  n  flows  a  mixture  of  red,  brown,  and 

comes  to  us  in  brittle  "^i^^^'^^-JT^^^^Xn  white,  and  of  a  certain  shape,  have  been 
white  grains  of  various  sizes  -h-h  -hen  w  ^^^^^^^  ^^^^^^  ^„         ^  ,ery 

ei;:r::(»S-f^od -rS^  us  .stre  greasy,  its  speciflc  gr.ify 
is  most  manifest  when  it     g^°'^''t"  he  condensed  into  the  acicular  crystals  of  benzo  c 

vet  to  any  use  in  the  arts.      .  .  j^to  a  numher  of  preparations, 

^  Benzoin  is  principally  used     P^^'^'^^^.'^y '  fumigating  cloves  (called  also 

among  "hich'may  be  mentioned  f"™;ff  ^^rScture,  m^^^^  ^ith  20  parts  of 
,1  ^  nnmire  a  la  murechile,  &c.     I  he  ■    g^ters  also  into  the  composi- 

ro  e-wattr  forms  the  cosmetic  ^ibSHnd  -^^^ 

tinn  ot-  certain  varnishes  employed  for  snuG  do  ^^^^^  ^^^^     It  ,s 

t^V^^m^CeSju  cr  ystals  with  the  p^^^^^ 

5;:cess  for  f  sir  reTacidte  nLtSistd .. 
the  soKUion  s  to  be  m  r  gradually  added  to  it  tdl  the  tree 


process  for  ^-^-^^^^f^,^-^  into  a  retort  a  f  -  J-J^^^racT^^^  neutralised ; 
the  solution  is  1°  °^ "  to  be  gradually  added  to.i*;  ^'''p  ,vf„  ^T-^oin  is  to  be  poured 

-Ul'be  found  to  amoun  to,^^^^^^^  a  s'uhstance  -l^b  e  in  ,,^,,i„g 
tains  traces  of  a  vojaule  o  Tcim  stry.'^  Benzoic  acid  has  no 

agency  of  carbonate  oi  p  Dictionary  of  Chemistry. 

b^zofc  acid,  desoribed  m  Urc  s    „^„„.,WC'=H«Y  The 


,is  substance.    I  „is  I^^oduccd  in  ^  nt  one   be  obta  ned^^  ^ 


more 
of  th 
bodies 
of  puri 


BENZOLE. 


Naphtha  Coal.    Benzole  is  also  contained  in  considerable  quantity  in  bone  oil ;  but 
it  is  accompanied  by  peculiar  nitrogenised  volatile  fluids,  -which  are  difficult  of  re- 
moval. The  latter,  owing  to  their  powerful  and  fetid  odour,  greatly  injure  the  quality 
of  the  bone- oil  benzole.    Benzole  is  an  exceedingly  volatile  fluid,  boiling  at  ordinary 
pressures  at  187"  F.    Its  density  is  0-850.    Owing  to  the  levity  of  benzole  being  re- 
garded by  manufacturers  as  a  proof  of  its  purity,  it  is  not  uncommon  to  find  it  adul- 
terated with  the  naphtha  from  the  Torbanehill  mineral,  or  Boghead  coal,  which  has  a 
density  as  low  as  0750.    Any  benzole  having  a  lower  density  than  0-850  is  impure. 
Benzole  is  excessively  inflammable,  and  its  vapour  mixed  with  air  is  explosive. 
Numerous  lives  have  been  lost  owing  to  these  properties,  among  them  that  of  Mr. 
Mansfield,  to  whom  we  are  indebted  for  an  excellent  investigation  on  coal  naphtha. 
Benzole  is  greatly  used  in  commerce,  owing  to  its  valuable  solvent  properties.    It  dis- 
solves caoutchouc  and  gutta  percha  readily,  and,  on  evaporation,  leaves  them  in  a 
state  well  adapted  for  waterproofing  and  many  other  purposes.  Its  power  of  dissolving 
fiitty,  oily,  and  other  greasy  matters,  has  caused  it  to  become  an  article  of  commerce 
under  the  name  of  benzoline.    It  readily  extracts  grease  even  from  the  most  delicate 
fabrics,  and,  as  it  soon,  on  exposure  to  the  air,  evaporates  totally  away,  no  odour 
remains  to  betray  the  fact  of  its  having  been  used.    It  dissolves  readily  in  very  strono- 
nitric  acid,  and,  on  the  addition  of  water,  it  is  precipitated  as  a  heavy  oil  havinff  the 
composition  C'^H=  NO^    The  latter  compound  is  nitrobenzole  ;  it  is  regai'ded  a.s  ben- 
zo  e  in  which  one  equivalent  of  hydrogen  is  replaced  by  hyponitric  acid.  Nitroben- 
zole, m  a  state  of  tolerable  purity,  is  a  pale-yeUow  oil,  having  a  sweetish  taste,  and 
an  odour  greatly  resembhng  bitter  almonds.   Owing  to  its  comparative  cheapness. 
It  IS  employed  m  perfumery.    Nitrobenzole  can  be  prepared  with  nitric  acid  of  mode- 
rate strength,  such  as  is  ordmarily  obtained  in  commerce  ;  but  it  then  become  neces- 
sary to  distil  the  acid  and  the  hydrocarbon  together  several  times.    The  product  so 
on  Tf     f  '°  "t'^e'-  respects  inferior  to  that  obtained  with  highly 

concentrated  acid.     By  treatment  with  acetate  of  protoxide  of  iron,  nitrobenzoll 
becomes  transformed  into  aniline.    This  change  may  be  effected,  but  far  less  con  ve! 
mently,  by  means  of  sulphide  of  ammonium.    Benzole  is  extremdy  valuable  in  many 
operations  of  manufacturing  chemistry.   It  dissolves  several  alkaloids,  and  on  evapo 
ra  ion  leaves  them  m  a  state  of  purity.    It  dissolves  quinine,  but  not  cinchon^J  and 

SSI 

becomes  so  inflammabras  to  serve  forth.  °f "^"^"^  ^^''^^g'^  ^-^^ole 

of  using  the  hydrocarbon  i  should  Z  I  ^TuT  °^  illumination.  For  this  mode 
A  machine  on  this  prinHple  S  AmeHean°?nv  f  vaporisation, 
houses.  The  air  is  dr  ven  through  Z  W„f  k'  ^""^  employed  to  illuminate 
motive  power  being  a  defending  weig£  ^  ^''^  ''"^^^^  contrivance,  the 

hling^rpr.^-T^e'm^S^S^^^^^^^ 

reached.     This  property  of  solidifvinl      a      u  temperature  of  40°  or  41°  is 

nse  of  to  produce^u'ie  Lnzo  e  S  the^^     ''j'  °^         may  be  made 

obtain  it  perfectly  pure  it  should  l^e  frn^  "'  ?  '  P."""''""  °^  '^"^^  naphtha.  To 

solidifying^eing  Amoved  by  filStion^hro^^^^^^^^  '^f                  P'^'^'^^  not 

tains  hydrocarbons,  homoiogLr^rolefirnt  las  ^"^^                P^"'""^  con- 

sep!r  iLtTrom        Tnd  othTr's I'b";""^'  ''''  ^-^^  ^-'^  ^-'^         -  analysis  to 
set  .ee  be.re  S  tJ^^;&^~ 
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may  easily  be  demonstrated,  even  ^hen  present  in  very^small  quantity,  by  converting 
it  into  aniline,  and  obtaining  the  characteristic  reaction  nviUi  chloride  of  l.me.  For 
1 1  rpurpose  the  mixture  is  to  be  dissolved  in  concentrated  nitric  acid  and  the  n.tro- 
iiHS  puipose  rjj^  Q      is  then  agitated  with  ether,  which  dissolves 

?h:i?tXn3  ind  ^hTetherell  solution  is  mixel  with  an  equal  bulk  of  akohol  and 
bASori^a^d  :  a  liule  granulated  zinc  being  added,  hydrogen  is  evolved,  and  by 
hj  di  ochloric  acia  b  ^ipound,  reduces  it  to  the.  state  of  aniline.  1  he 

Sfs\hen  trbe  seiS^^^^^  alkaline  fluid  is  shaken 

?v  ith  ether  to  dissolve  the  base.  The  ethereal  fluid  being  evaporated,  leaves  the  aniline. 
On  add  ng  "vater  and  then  a  few  drops  of  solution  of  chloride  of  lune,  the  purple 
?oUr  indicltive  of  aniline  is  immediately  produced.  {Hofmann.)  The  writer  of  this 
arlidi  has  by  this  process  detected  minute  traces  of  benzole  in  mixtures  consisting 
!ilnif.st  entirely  of  honiologues  of  olefiant  gas.— C.  G.  W.  ,    v  *i, 

BERBERINE.  (C«H-NO'»)  A  vegetable  alkaloid,  which  appears  to  be  the 
coloudng  principle  of  the  barbeVry(S.r6^^^^^^  it  is  also  lound  m  Colombo 

'°nF?rTSy/'""S~S'S)  The  Citrus  bergamia,  a  citron  cultivated  in 
the  cent?e  and  south^otXope.'  By  distillation  from  the  rind  of  the  fruit  is  obtained 
Se  S-Lown  essenee^  bLgamol    This  essential  oil  and  the  fruit  are  prmcipally 

%t?aSor TcraJsfC^iy,  LTdrharb^eT^nvented  at  Ber.amo,  in 

''tERUN^BLUE'  Tfi"  e  v^i^f  orrpTus^^^^^^^^  ^u^Mc,  see).  . 

BERLlJN    BLiUJi-.    A  Due  vai  c  J  g  gg^gg 

'TelSf  artS'^slV^      processes  of  manufacture,  but  they  are  not  of  much 

^T5XH..-The  fruit  of  tbe  ^au...  no..7,J  -  the  IT^Z 
and  the  fruit  are  employed  as  fl^T^^^^^^S^^-fi^td  Xby  bruising  the  berries,  and 
S» sr  b^Ssr^aterf  this'oS  ealled^also  Laurel  fat,  is  imported 

used  in  calico  prinUng,  producing  a  1^^^^^^^^^^  ,     .,3  ,f 

Persian  Yellow  Berries.  — These  '-_„^t  ^nd  they  fetch  higher  prices, 

plant ;  but  the  colour  is  considered  more  permanent,  ^^J^^  t,ej.ries. 

"  J5e;n«.oM--F-"--A-.f^^^  chiefly  used  for 

Juniper  Berries.  — The  fruit     ^^"^J.^f^lP''!.      the  preparation  of  some  pharma- 

flavouring  gin  and  some         l^^^^^/^J^'^^e  eomp^^     ^P-'^^  °f  j"'^'?^''-      •  i, 
Tannin!  and  has  hence  been  used  in  dyemg. 


In  1856  we  imported :  -  ^^^^^  ^°"'vilue. 

-  - 

Berries— Bay  -      -  _  2,364 
Juniper      -      -  170252 

Myrobolan         -  "  170,25^ 

"         Yellow:—  r  751    -       -  £16,540 

Turkey  Proper  -     6,75i  _ 

"  Other  varieties 


189,443  £16,578 


It  is  a  tree  of  large  d'niens.ons  forming  ^.^^  ^^.^^^  ^         ''"f Ti  ey 

send  cargoes  to  French  Guiana,  wi 
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The  kernels  yield  a  large  quantity  of  oil  well  suited  for  lamps. — Humboldt  and  Bon- 
pland. 

BERYL.  (^Bei  il,  Fr. ;  Beryl,  Germ. ;  Smaragd,  Ital.)  A  beautiful  mineral  or 
gem,  usually  of  a  green  colour  of  various  shades,  passing  into  honey  yellow  and 
sky  blue. 

Beryl  and  emerald  are  varieties  of  the  same  species,  the  latter  including  the  rich 
green  transparent  specimens  which  owe  their  colour  to  oxide  of  chrome ;  the  former 
those  of  other  colours  produced  by  oxide  of  iron.  Gmelin  gives  the  composition  of 
beryl  as  :  — 

Silica  69-70 

Alumina  -  17'60 
Glucine  13-39 
Red  oxide  of  iron  o-24 

"  Beryls  of  gigantic  size  have  been  found  in  the  United  States,  at  Acworth  and 
Grafton,  New  Hampshire,  and  Royalston,  Mass.  One  beryl  from  Grafton  weiffhs 
2900  lbs.;  It  IS  32  mches  through  in  one  direction,  and  22  in  another  transverse  and 
^4  feet  3  mches  long.  Another  crystal  from  this  locality,  according  to  Professor 
Hubbard,  measures  45  mches  by  24  in  its  diameters,  and  a  single  foot  in  leneth  •  bv 
calculation,  weighs  1076  lbs.,  making  it,  in  all,  nearly  2^  tons.  At  Royalston,  on^ 
crystal  exceeded  a  foot  m  length."  — Dana.  j-         ,  uuc 

False  Beryls  of  Commerce.  —  Some  of  the  natural  crystals  of  phosphate  of  lime  are 
in  reduced  as  beryls.  The  Apatite  is  sometimes  called  the  Saxony  beryl.  The 
ilyji       '  Germans  as  the  Pierre  d'Asperge,  is  also  sold  as  the 

Fluor  spars  of  different  colours  are  sold  as  false  beryls,  false  emeralds  false 
amethysts,  and  false  topazes.    These  are  fluate  of  lime.  aise  emeraias,  talse 

BETEL.  A  compound,  in  universal  use  in  the  East,  consisting  of  the  leaf  of  the 
bete  -pepper,  with  the  betel-nut,  a  little  catechu,  and  some  chunam  (lime  obtained  bv 

lltrietTl^-  "  ^'T'  "^'^'^"^"^  "^^'^  throughout  cen^rS  and  ropi^^^^ 

Asia ;  the  people  are  unceasingly  masticating  the  betel.  ^ 

c;„  1  '^^i!^"^^f-^u:  ^^^^  P^PP^''        (^P'P'f  ^e'el).    This  plant  is  exten- 

in^r^:^:^a^:^sZ^^^^         ''''  ^'^^^  -^^<^^  ^«  -ten  both 

BEUHEYL.    A  mining  term,  signifying  a  living  stream.    It  is  applied  bv  the  tin 

BEZO aT  f        Z  "^^'^^  i«  impregnated  whh  tin^  ! 

BLZOAR.  (The  most  probable  etymology  of  the  word  is  from  the  Persian  P„V 
^ahr,  u  e  expelling  poison.  -Penn^,  Cyclopedia.)  A  concretion  fold  in  the  sto^rct 
ThpT  f  goat  kind  ;  it  is  said  to  be  especially  produced  ^  the  Capm  S^^^ 

G^lf    TL  r°'''''i'°"^^'*"  Borneo  aLd  the  shores  of  X  lerstTn 

W  «f  ^^P'''^9^9rus,  or  wild  goat  of  Persia  producing  this  concretion  which 
by  way  of  eminence,  was  called  the  Lapis  bezoar  orientalis.  The  bezoars'  whiM,' 
were  supposed  to  cure  aU  diseases,  have  been  found,  by  the  analyses  of  Fourc^oT  nnH 
Vauquelm  and  of  Proust,  to  be  nothing  more  than  some  portions  of  the  food  of  th^ 
animal  agglutinated  into  a  ball  with  phosphate  of  lime      P°"'°°'  °*       ^"od  of  the 

BKARM'N;'T7<^°^f  preparation  of  the  oxide  of  anttoonj-. 

the  carbonate  into 

acid.  For  this  purpose  some  manufacturers  dace  ft  fujf  ^  f °^  '=^''^0°^° 
trays,  and  allow\he  vapours  of  ZrS  coke  t"^^  stoneware 
of  the  gas  used  in  this  manufacture  wig  vary  accord'l  tdl  T  rf-  •  '^''V'^^'^^-^ 
undertaken.  It  is  not  unusual  to  produce  it  L  trSn  nf  tf  ^^'""^ 
stone.  The  gas  generated  in  fermentation  h^^  KpL  ,  ^^^P^""^'^  ^cid  on  lime- 
in  some  places  issues  from  the  e^tf  Th.  I  x  ^""P^T^'  ^'^^  even  that  which 
than  the  carbonate,  as  it  eq^res  fou;  pJr  s  o/  cofd  w.'?  ''''  «°l^^We 

carbonate  dissolves  in  0-9  of\s  ^ei^t  oKtef  atl'o^:"  ^Vstu'^ntlVTlS^^^ 
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solution  is  saturated  with  carbonic  acid,  the  bicarbonate  crystallises  out.  When 
solution  IS  s^^""^?;^ ,  ,  :  ^,ater,  and  the  gas  is  passed  in,  a  large  quantity 
common  pearl  ashes  aT^edts^^^^^^^^  g.^^^  1^^.^  ^^^^^ 

of  a  ^hite  P-^^^^tf,^^  °  J  Consid^-ablc  heat  is  developed  when  moistened 
o^rhZ't^  rnoTash  tstlTosTd  ^^^^^  a  current  of  carbonic  acid  gas.  When  carbonate  of 
carbonate  of  po  ash  ^  gradually  treated  with  acetic  acid,  so  as  to  lonn 

K?e  of  p^Sh  by  no  mean's  tl^  w\ole  of  fhe  carbonic.acid  is  expelled  and  a  point 
frnvHved  at  w l  en  a  considerable  quantity  of  crystals  is  deposited;  they  consist  of 
verv  ^re  btarbonate  of  potash.  In  making  acetate  of  potash  on  the  large  scale  the 
very  pure  Dica  JSedpitate  obtained  in  this  manner  is  sometimes  very  large. 

^k'X'^?e  of  Sash  is  usually  tolerably  pure.  If  well  crystallized  all  the  im- 
Bicarbonate  01  p  mother-liquor,  and  on  heating  to  redness  almost  exactly  the 
&  cal  aTounttf  SJu"  is'  lefi,  viz.  69-05  perW  Crystalhsed  b.arbonate 
of  potash  always  contains  one  equivalent  of  water,  its  formula  bemg  KO,  2C0 

■^■S^'  I  i  f  v^An  TViic  salt  is  obtained  by  the  same  methods  as  the  salt  of 
So  iC0=  +  HO^    It  requires  aboul  1»  parts  of  »aler  at  «0°  to  dissolve  it  When 

~S„..eore..,^^^^^^^^^ 

admit  a  2-volume  formula  .  —  C.  , ,   interest,  named  Bidery  from  Bider,  a 

.tf ?.s  ri?^B^^^'^^^ 

.e°;-roSVirs.x?3;c^^ 

use.    To  give  the  esteemed  black  colour  anfi  to  j      ^  ■  ^    jj  Hamilton 

a  s'lution'of  sal  ammoniac,  saltpetre  ^^1^^^  an<i  blue  vm  o^    ^^^^  ^^^^^  ^ 

saw,  zinc,  12,360  grams;  copper        ,  ana  'eao, 

rrnloS  tl     EX""'"'-      •»  ^ 

in  a  lathe.  ,  •       u     manufactured  in  other  places.  In 

JeTaffs  :ftfe  &^t^Sr;rc&--  " 

^^^k^/Sr^s.  yields  IHUe         -^^^  ^t^,^^  S:^^?^ 
beaten.    According  to  Dr.  Hamilton  b^ery  is  not^n      y    ^^^^^  jsMion.  . 
xnelts  more  easily  than      P^^' -."^'^Ve^XVy  -the  manufacture  of  and  dealing  in 
BIJO  UTRY.    (^V°"''"^  J  ^«np  in  wHch  to  describe  the  almost  endless  variety 
iewellery.    This  work  is  not  the  place  m  whicn  to  ae  j,,e  mann- 

TaSs  which  come  -^e^thje  denon.^^^^^^^^^  ^'tVc  3  in'jewellery  forms  one 
facture,  in  England,  are  Bi"^'°g'^7,^^„ft™erce  ;  on  which  a  French  writer  says  : 
of  the  most  important  ^^-f '^'^^^f  ^J'^^es  plus  importantes  du  commerce  fran9ais,  et 
"La  bijouterie  est  une  des  ^■•a^^^^^^       l'^"^"^^^^^^  les  arts  du 

c'est  elle  qui  constate,  de  la  ^an-je  la  plus  ev^^^^^^^^^^^^^  Pavisienne.  Dans  cette  part.e 
dessin  et  les  progres  t^^^J^^^J^'^fX  rend  tributaire  de  notre  pays  presque  toute 
essentielle,  elle  n'a  pas  de  "jaux  et  e Ue  re  , 

I'Europe,  et  une  grande  partie  de  ^ '^igg  of  this  character  into  two  prin- 

'  The'ordinary  practice  ^as  been  to  d^-de  article^^^^.^  ,„d /.>»<<er  e„ /,,«.). 

cipal  kinds -fine  je^^l^'^'-y' ^^^J/f;';^^ -I^eLrs^  eipecially,  has  been  to  adopt  four 
/.other  division,  a^^^^^^^^  the.  F-nch  ,ew  _      ^        .^^^.^^^.^  ^  3_         ^,,,Uery . 

Under  their  respective  l^^^^^^^'^'^^^^JL,  the  imitations  of  them  ;  man^^^^^ 
nractised  eye.    The  hardness  is,  however,  a 


BIRDLIME. 


299 


found  to  be  scratched  with  a  steel  file,  we  may  depend  on  its  being  artificial.  See 
also  Peabls.  Artificial  ;  Lapidary  Work  ;  Glass,  &c. 

BILE.    (B(7e,  Fr. ;  Galle,  Germ.)    The  secreted  liquor  of  the  liver  in  animals. 

Bile  (ox's)  is  composed,  according  to  Berzelius,  of  : — 


1.  Biline,  feUinic  acid,  and  fat  of  gall  ...  S'OO 

2.  Mucus-       -  0-30 

3.  Alkali  combined  with  biline,  &c.   .  .       -       -  0'41 

4.  Muriate  of  soda,  extractive  matter  ...  074 

5.  Phosphate  of  soda,  do.  of  lime,  &c.  -       -       -  O'll 

6.  Water   90-44 


100-00 

Thenard's  analysis  gives : — 


I. 

Resin  of  bile  and  picromel  (acid  gallenate  of  soda)  - 

10-54 

2. 

Colouring  matter 

0-50 

3. 

4. 

Phosphate  of  soda 

0-25 

5. 

Muriate  of  soda 

0-40 

6. 

Sulphate  of  soda 

0-10 

7. 

»  lime  

0-15 

8. 

Traces  of  oxide  of  iron 

9. 

Carbon. 

Hydrogen. 

Nitrogen. 

Sulphur. 

Ash. 

55-4  - 

-    7-7  - 

-    3-3  - 

-    4-9  - 

-  13-15 

57-3  - 

-    7.8  - 

-    3-9  - 

-    5-7  - 

-  11-86 

57-3  - 

-    8-2  - 

-    5-2  - 

-  13-21 

57-7  - 

-    8-3  - 

•     5-8  - 

-  8-42 

57-5  - 

-    8-3  - 

-    3-5  - 

-    5-0  - 

-  10-99 

56  0  . 

-    8-1  - 

-    2-5  - 

-    5-6  - 

-  14-11 

100-00 

Strecker  and  Mulder  have  published  two  treatises  on  ox-galL  The  two  views 
advocated  by  these  chemists  will  be  found  in  the  "  Annual  Eeport  of  the  Progress  of 
Chemistry  of  Liebig  and  Kopp,"  translated  by  Hofmann  and  De  la  Rue. 

The  analyses  of  Benach  ("  Ann.  Ch.  Phai-.")  give  the  foUowing  as  the  composition 
of  the  gall  of  several  animals: — 

Calves 
Sheep  - 
Goats  - 
Bears  - 
Fowls  - 
Fish  - 

Dr.  lire  says  a  substance  may  be  tested  for  bile  by  dropping  into  it  two-thirds 
ot  Its  bulk  of  oil  of  vitriol  very  slowly,  so  that  the  heat  does  not  exceed  12'>°  F 
violrt^hue     '^''"^^  °^  ^"^^  ^^^^"^S  the  mixture,  when  it  should  assume  a"deep 

Heintz  remarks  (Poggendorfif's  "  Annalen  "),  that  the  change  of  colour  sometimes 
produced -for  It  does  not  appear  always  — by  nitric  acid  in  liquids  containing  bile 
(first  green,  then  blue,  violet,  red,  and  lastly,  yeUow),  is  occasioned  only  by  the 
colouring  matter,  which  Berzelius  has  named  cholepyrrhin,  and  not  by  the  essential 
orthifs  ubstrncf'        ^""^  "'''^  ^^^^^iove  be  regarded  only  as  a  test  for  the  presence 

in  fhTartltrcTiL.'''™'"^""''  "D^'=t'°'^^'-y  of  Chemistry;"  for  its  uses 

tl^P^i^^^f^f  ^i'  I"";';  Germ.)   The  best  birdlime  may  be  made  from 

tendT.  fh  f ^"^-^  '"^'"^  °'  '^""^^  •'^  ^^'^^  till  it  is  soft  and 

,^lr.i;.  ,7  l«"i.^l'y^^aps  in  pits  under  ground,  and  covered  with  stones  after  the  water 

IS  drained  from  it.  There  it  must  be  left  during  two  or  three  weeks,  to  ferment  i^  thl 
sThen'toT"'  ^"f  J^^'^'-ed,  if  necessary,  till  ft  passes  into  a  mudCinountate  It 
ni  it  L  f     T"""^^^  '°  ^  """""'^  '°    P'^^t^'  ^^^lied  in  running  water,  and  kneaded 

M...,„  h„  ™i„d  .  .„l,„„es  which  „ud..  from  the  rocepttek  ud  mvolucr. 
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of  the  Alractylis  gummifera,  and  describes  it  as  the  pure  matter  of  birdlime,  'which  he 
calls  viscine.  Common  birdlime  may  be  regarded  as  a  mixture  of  viscine,  vegetable 
mucilage,  and  vinegar.  _    .  .  .  „ 

The  mistletoe  yields  a  peculiar  viscid  gluey  substance,  consistmg  of  a  green  -wax 

and  birdlime.  . 

BISCUITS.  Biscuit  baking  constitutes  two  separate  branches  ot  manulacture, — 
namely  that  of  ordinary  biscuit,  or,  so  to  speak,  biscuit  "  proper,"  for  maritime  pur- 
poses and  that  of  fancy  biscuits.  Ordinary,  or  saUors',  biscuit  consists  of  only  flour 
and  water  kneaded  into  a  paste,  cut  in  the  proper  shape,  docked,  and  baked  in  an 
oven  ;  fancy  biscuits  consist  also  of  flour  and  water,  but  with  an  addition  of  butter, 
sugar  eggs,  spices,  or  "  flavourings,"  all  or  either  of  them  according  to  the  kind. 

Ships'  biscuits  are  now  made  by  machinery,  and  one  of  the  reasons  for  this  has  been 
that  the  manual  preparation  of  them  was  too  slow  and  too  costly  during  the  French 
war  A  landsman  knows  very  little  of  the  true  value  of  a  biscuit:  with  a  seaman, 
biscuit  is  the  only  bread  that  he  eats  for  montbs  together.  There  are  many  reasons 
why  common  loaves  of  bread  could  not  be  used  during  a  long  voyage :  because,  con- 
tainins  a  fermenting  principle,  they  would  soon  become  musty  and  unfat  tor  tooa  it 
made  previous  to  the  voyage,  while  the  preparation  of  them  on  board  ship  is  subject 
to  insuperable  objections.  Biscuits  contain  no  leaven,  and,  when  well  baked  tbrougn- 
out,  they  suffer  little  change  during  a  long  voyage.  ,    ,  .    •  a  ^r.A<,^ 

The  allowance  of  biscuit  to  each  seaman  on  board  a  queen  s  ship  is  a  pound  per  day 
(averaging  six  biscuits  to  the  pound).     The  supply  of  a  man-of-war  for  several 
T^onths  is  consequently,  very  large  ;  and  it  often  happened  during  the  long  war  that 
.    re  dfficu'ltyTmaktg  biscuits  fast'enough  was  so  great,  that  at  Portsmouth  waggon 
loads  were  unpacked  in  the  streets  and  conveyed  to  the  ships.  j  „„v 

We  shaU  now  describe  the  mode  of  making  biscuits  by  hand,  f  J,^^^ 
of  the  improved  method.  The  bakehouse  at  Gosport  contamed  nme  ovens,  and  to 
ih  waTaUached  a  gang  of  five  men,_the  "  turner,"  the  "  ^^^.^^I^aler  wSe 
"  breakman,"  and  the  "  idleman."  The  requisite  proportions  of  flour  and  ^^ater  were 
put  into  a  l^r-e  trough,  and  the  "  driver,"  with  his  naked  arms,  mixed  the  whole  up 
Setherlnto  the  form  of  dough- a  very  laborious  operation.  The  dough  was  then 
tS  fromVe  trough,  and  put  on  a  wooden  platform  caUed  the  break:  on  this  p  at- 
fo  ™  worked  a  lever  called  the  break-staif,  five  or  six  inches  m  diameter  and  seven 
feeUongt  one  end  of  this  was  loosely  attached  by  a  kind  of  staple  to  the  -all,  and 
Se 'Sman,  riding  or  sitting  on  the  o^^^r^^^^ ^^^^J^.s Se  do^'ad 

ttottneSe^^;^^^^^^^^^ 

mmmmm 

^Sall^sJ^o^nrperT^^^ 

by  side  over  the  whole  floor  of  the  oven  Nothing  thrown 
alone)  the  regularity  with  which  th^s  was  all  done.     Seventy  b.sc 

into  the  oven  and  regularly  °°%^;7^'e',ay  of  a  s^  second  ou  the  part 
vigorously  directed  to  his  ^'^'i.^XhTthe  ^hole  gang.    The  biscuits  do  not  require 

of  any  one  man  would  have  disturbed  the  whole  gang^^  ^^^^  ^^.^^ 

many  minutes'  baking;  and  as  the  oven  s  kept  °Pe°  ^^'^S  i  precaution 

ZJ,  the  biscuits  first  thrown  in  wou^^^^^^^^^^  P  ,  g,,, 

;£n1nrtroven  Jger  th^tt  sSuent  ones,  and  diminished  the  size  by  a 

^^'^'^hrm'l"  in  which,  since  about  the         1831.  s^ps' bi.^^^^^ 
machinery  invented  by  T..  S^  Z  long  and  about  three 

meal  or  flour  is  conveyed  mto  a  hollow  cy  linaer  lo  regulated  by  a  gauge, 

feet  in  diameter,  and  the  ^f^r  the  quantity  ot  w  b^^^  ^^^^ 

admitted  to  it;  a  shaft,  armed  with  450  lbs.  of  dough 

with  such  astonishing  effect  that  in  P^^'^^^^^^^  amsof  aman.  The 

are  produced,  infinitely  better  made  ^^an  J^tmix|d  by^  ^  ^^^^^^  _  these  latter, 

dough  is  removed  from  the  cylinder  and  Pl'^"7"°'^^^  ^'ter,  and  weigh  15  cwfs.  each  ; 
which  perform  the  office  of  kneadmg,  are  two  m  numoer,  a 
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they  are  rolled  to  and  fro  over  the  surface  of  the  dough  by  means  of  machinery,  and 
in  five  minutes  the  dough  is  perfectly  kneaded.  The  sheet  of  dough,  which  is  about 
two  inches  thick,  is  then  cut  into  pieces  half  a  yard  square,  which  pass  under  a  second 
set  of  rollers,  by  which  each  piece  is  extended  to  the  size  of  six  feet  by  three,  and 
reduced  to  the  proper  thickness  for  biscuits.  The  sheet  of  dough  is  now  to  be 
cut  up  into  biscuits  j  and  no  part  of  the  operation  is  more  beautiful  than  the  mode  by 
which  this  is  accomplished.  The  dough  is  brought  under  a  stamping  or  cutting-out 
press,  similar  in  effect,  but  not  in  detail,  to  that  by  which  circular  pieces  for  coins  are 
cut  out  of  a  sheet  of  metal.  A  series  of  sharp  knives  are  so  arranged  that,  by  one 
movement,  they  out  out  of  a  piece  of  dough  a  yard  square  about  sixty  hexagonal 
biscuits  The  reason  for  a  hexagonal  (six-sided)  shape  is,  that  not  a  particle  of  waste 
IS  thereby  occasioned,  as  the  sides  of  the  hexagonals  accurately  fit  into  those  of  the 
adjoming  biscuits,  whereas  circular  pieces  cut  out  of  a  large  surface  always  lea^e  vacant 
spaces  between.  That  a  flat  sheet  can  be  divided  into  hexagonal  pieces  without  any 
waste  of  material  is  obvious.  or  j 

Each  biscuit  is  stamped  with  the  queen's  mark,  as  well  as  punctured  with  holes,  by 
the  same  movement  which  cuts  it  out  of  the  piece  of  dough.  The  hexagonal  cutters 
do  not  sever  the  biscuits  completely  asunder,  so  that  a  whole  sheet  of  them  can  be 
put  into  the  oven  at  once  on  a  large  peel,  or  shovel,  adapted  for  the  purpose  About 
by  Theh^r^  '  *°  ^^^^  withdrawn  and  broken  asunder 

The  corn  for  the  biscuits  is  purchased  at  the  markets,  and  cleaned,  ground  and 
fr.ZL  .  a'  T."'^'^*  "^^^  ■'  i«  quality  it  is  a  mixture  of  fine  flour  and  middlings, 
the  bran  and  pollard  being  removed.    The  ovens  for  baking  are  formed  of  fire-brick 

fnto  t         ?        "It^'^'  ''''  n2lb.s.leight  of  bL  its  are  iut 

into  the  ovens  a  once.    This  is  called  a  suit,  and  is  reduced  to  about  1 10  lbs  by  fhe 

of  9°flK     °V-  '°  ^^^^^      '^"^  o^^-^  every  day,  oi  after  theVate 

ifn.n  t  ""S"^^"^       ^'^'''^  i°  clean  check  shirts  and  Ui  e 

puTus  cS^^^^        '""^       ^"'^  '^^^'•^  ---ie  to  observe  th^mostlcru! 

We  may  now  make  a  few  remarks  on  the  comparative  merits  of  the  hand  an,l  th^ 
machine  processes.  If  the  meal  and  the  water  with  which  the  bScuits  are  made  5^ 
not  thoroughly  mixed  up,  there  will  be  some  parts  moister  than  o  hers  Now  t  w^! 
formerly  found  that  the  dough  was  not  well  mixed  by  the  arm.  nf  ff»  i-  ' 
consequence  of  which  was,  tliat  the  dry  parts  Sme^Jrnt  up  or  etTaUhTilioiV 
parts  acquired  a  peculiar  kind  of  hardness  which  the  sailors  called  "  flint  "  IT 
JeS  b/trmSr  ™^       I^neadinVwtc'h  thSgred^e^t: 

men's  hands  could  effect  it  ThrifL  ^  ^  "^"^"^  quicker  this  is  than 
instead  of  s  ngW    beSdes  the  ?^me  tbuf  T        ''^"^^'^  ^  time, 

baked,  by  thelv'^n  Sei^g  more  ^^edUy  filled"  Vhe'  n^T'  ''TA  ""''^  ^1"^!^^ 
employ  45  men  to  produce  about  1500  iL  of  hU.  -.       u  ^°'P°'"'  "^ed  to 

now  produce,  by  th'e  sa^numSr  orovens  2240 1^^^      ^^'-Z'.  "^^"^  """^  ^"^^ 
The  comparative  exnense  is  thiir^^f!^  '    it        ^  biscuits  (one  ton)  per  hour. 

and  teaV  of 'utensils  cost  about      e/S        of  7''T  "^^^^  '"^d  -^ar 

cost  is  5d.  •  °^  ^i^<^^i->  under  the  new  system,  the 

ton?of  S^tiraK^^^^^^^^  ^000  or  aoor> 

old  system.  The  advantages  of  machinp  nf,'^      Per  annum  from  the  cost  under  the 
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little  variation  in  the  P-^fP^'^Xi  milireggsf  and  caraway,  nutmeg,  cnnamon  or 

in  all  being  flour  and  vrater,  ^/f/J^' 7^'' orange-flower  .vater,  called,  m  tech. 

mace,  or  gmger,  or  essence  of  ng  of  thesi  materials  is  always  Vform.i 

nical  language,  "flavourings      The  kneadin^^  ^^^^^^^      p^^^^  3 

by  a  kneading  or  mixing,  ^ach me.  Ihe  dou  Q      p  ^.^^^^^^^ 
the  biscuits         *  5r°^^Xd,  i  the  best  that  can  possibly  be  used.  &ee^ 

.  .SIS  r;r  »|i^Sp.«>»  p...*. 

means  of  yeast  Its  mgredients  are  no 
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and  alum.  After  the  butter  is  melted,  and  the  potashes  and  alum  are  dissolved  in  a 
little  hot  water,  these  three  ingredients,  along  with  the  treacle,  are  poured  among  the 
flour  which  is  to  form  the  body  of  the  bread.  The  whole  is  then  incorporated  by- 
mixture,  and  kneading  into  a  stiff  dough.  Of  these  five  constituents  the  alum  is  the 
least  essential,  although  it  makes  the  bread  lighter  and  crisper,  and  renders  the 
process  more  rapid ;  for  gingerbread,  dough  requires  to  stand  over  for  several  days, 
some  8  or  10,  before  it  acquires  the  state  of  porosity  which  qualifies  it  for  the  oven; 
the  action  of  the  treacle  and  alum  on  the  potashes,  in  evolving  carbonic  acid,  seems 
to  be  the  gassifying  principle  of  gingerbread ;  for  if  carbonate  of  potash  is  withheld 
from  the  mixture,  the  bread,  when  baked,  resembles,  in  hardness,  a  piece  of  wood. 

Treacle  is  always  acidulous.  Carbonate  of  magnesia  and  soda  may  be  used  as 
substitutes  for  the  potashes.  Dr.  Colquhoun  has  found  that  carbonate  of  magnesia 
and  tartaric  acid  may  replace  the  potashes  and  the  alum  with  great  advantage, 
affording  a  gingerbread  fully  more  agreeable  to  the  taste,  and  much  more  wholesome 
than  the  common  kind,  which  contains  a  notable  quantity  of  potashes.  His  pro- 
portions are  1  lb.  of  flour,  J  of  an  ounce  of  carbonate  of  magnesia,  and  i  of  an  ounce 
of  tartaric  acid,  in  addition  to  the  treacle,  butter,  and  aromatics,  as  at  present 
used.  The  acid  and  alkaline  earth  must  be  well  diflfused  through  the  whole 
dough  ;  the  magnesia  should,  in  fact,  be  first  of  all  mixed  with  the  flour.  The  melted 
butter,  the  treacle,  and  the  acid  dissolved  in  a  little  water,  are  poured  all  at  once 
amongst  the  flour,  and  kneaded  into  a  consistent  dough,  which  being  set  aside  for  half 
an  hour  or  an  hour,  wiU  be  ready  for  the  oven,  and  should  never  be  kept  unbaked  for 
more  than  2  or  3  hours.  The  following  more  complete  recipe  is  given  by  Dr.  Colqu- 
houn for  making  thin  gingerbread  cakes  :— Flour  1  lb.,  treacle  A  lb.,  raw  sugar,  4  lb., 
butter  2  ounces,  carbonate  of  magnesia  \  ounce,  tartaric  acid  "  ounce,  ginger  J  ounce 
cinnamon  I,  ounce,  nutmeg  1  ounce.  This  compound  has  rather  more  butter  than 
common  thin  gingerbread.  In  addition  to  these,  yellow  ochre  is  frequently  added  by 
cheap  gingerbread  makers,  and  altogether  this  preparation,  more  generally  consumed 
by  children,  is  very  objectionable.  ^ 

"Puff-paste"  is  a  preparation  of  flour  and  butter,  which  is  in  great  demand  not 
only  at  the  pastry-cooks',  but  in  almost  every  private  family     Take  a  certaha 

?^  ^^'.^  ^  P"^'     ^P"'^  ™den  board,  make  a  hoL  or  de° 

pression  m  the  centre  and  mix  it  with  somewhat  less  than  half  a  pint  of  cold  water 
o  as  to  make  a  softish  paste ;  dry  it  oflP  from  the  board  by  shaking  a  little  flou7oS 
and  under,  as  is  well  known,  but  do  not  "work  it"  more  than  you  can  help  rlke 
now  a  quarter  of  a  pound  of  fresh  butter,  which  should  be  as  lard  Z  Ske  clll 
c^r?Mp\  '^'^^^^'^  ^«P'  i^^^scoW  a  place  as  practicable,  the  ice  cfoset  if  pro- 
ZtT"  -P'"".'^)'  ^""^  ''i'''^'^       ^'1  the  water,  ov  butter-milk  which  h 

French  ^^^1^     "I '  V"'^  This  operation  is  caJkd  in 

French    mamer  le  beurre."    Roll  now  the  paste  prepared  as  above  into  a  flat  thick 

the  middl  '  fth'^l'l^  f      '      '  ''^''hes/lay  the  pL  of  butter,  IreS  as  above  tn 
.    1?     "  f""^  "^-P^'''^'  ^'^P  tl^e  i°to  it  by  folding  the  siles  of 

three,  one  over  tL  otheras  above  nTn  H^  Jv  ^'^^  rol  mg-pin,  and  fold  it  into 
which  the  paste  fs  ready  for  use    Calt  five  times  in  all,  after 

to  dust  the  board  and  t^he  paste  wkh  a  Utt    fl  '^""''^  the.roHing,  continually 

may  now  be  placed  in  the  dish  o^       iTltl'^'l  '\^TT.  ^he  past^ 

the  protruding  edges  with  a  pointed  and  ^hnrnl  ■}  *°  ^f^^^'  ^^^""^  care  to  cut 
with  a  clean  cut  edge^for  otCw  se'f^«S^  ™  i^''"  '°  ^T'^^  P"^'^  ^^-^^d 
pies  and  tarts  are  m^de  by  cutdnl  strfns  nf  ifp  -^  T  "'"-T'?  ^^'""^  edges  of 

laying  them  on  all  round  tak  n^^r„  7  ^^^J""^^^  ^'''^  the  knife,  and  carlfally 
articlfs  are  then  put TaA  "^Tevifusrbr?^^^^^^^^  f''  fl'P'  '^'^^  P^« 
vapour  disengaged  from  the  butt^r^rnd  Sr  wiU^t  '^'f '  ^^'^^'^^ 

It  .  essential  to  the  :^X^TS^^  l^Z^^di^ 
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.  V,  ^u-h  1  faint  reddish  tince,  and  a  metallic  lustre  -whicli 

Bismuth,  Native,  -^-^^l^'f'v^^^.:^-^^  Sdness,  1  to  2-5;  specific  gravity,  9-727 
is  liable  to  tarnish.  malleable  when  heated.    It  generally  occurs  m  a 

It  is  brittle  when  «f    but^Sy  at^76°  F.    Beautiful  crystals  can  be  formed  arti- 

Sb- by  °fu"on  and  ^^SZltZ^^S^\t^  other  minerals  :  in  Cornwall,  atHuel 
Nafive  bismuth  has  been  found  assoaa^^^^^  ^  Mine,  near  St. 

SSS'gS!e?re"!-  i?is^UPtofWuth,8I-e.,  sulphur,  18-4.  Itfuses 
in  the  flame  of  a  candle.  Botallack,  and  associated  with  tin  at  St.  Just, 

by  Lampadms  to  be :                                                _  _  gg.^^ 

Oxide  of  bismuth  "       "       "       ^       •  -  5-1 

Oxide  of  iron    "  '       "       "       I       .  -  4-1 

Carbonic  acid  31 

FeUs(Greg).    Its  composition  is :  -  ^      ^       ^      _  ^^^^ 

Bismuth  -  6'65 

Tellurium  6'13 
Sulphur  1-22 

Crta...  'fS'f''  tZ^"^^:  .,i  of  copper^   ,s.,2. 


Stahl  and  Dufay ;  ana  suu  o„^onv  from 
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orifice  of  the  eliqiiation  pipes  is  closed  with  the  clay  plate,/  which  has  beneath  a 
small  circular  groove, through  which  the  liquefied  metal  flows  off;  g  is  a  wall  extend- 
ing from  the  hearth-sole  nearly  to  the  anterior  orifices  of  the  "liquation-pipes  in 
which  wall  there  are  as  many  fire-holes,  h,  as  there  are  pipes  in  the  furnace  •  i  'are 
iron  pans  which  receive  the  fluid  metal ;  a  wooden  water-trough,  in  which  the 
bismuth  is  granulated  and  cooled  ;  I,  the  posterior  and  higher  lying  apertures  of  the 
eliquation  pipes,  shut  merely  with  a  sheet-iron  cover.  The  granulations  of  bismuth 
drained  from  the  posterior  openings  fall  upon  the  flat  surfaces  m,  and  then  into  the 
water-trough,  n  n  are  draught-holes  in  the  vault  between  the  two  pipes,  which  serve 
for  increasing  or  dunimshing  the  heat  at  pleasure  ^  f   '  '  ii-u  scive 

The  ores  to  be  eliquated  (sweated)  are  sorted  by  hand  from  the  gangue,  broken  info 
pieces  about  the  size  of  a  hazel  nut,  and  introduced  into  the  ignited  piles'  one  charge 

Z^Hil^llT'  ThM"^^  P'P'r'^  ^''^  '°  ^^^f  theirlE;.  and  thre!! 
lourtns  ot  the  r  length.    The  sheet-iron  door  is  shut,  and  the  fire  strons-lv  nrn-Pd 
whereby  the  bismuth  begins  to  flow  in  ten  minutes,  and  falls  through  the  hS^e^s  iS 
clay-plates  into  hot  pans  containing  some  coal-dust.    Wheneverit  runsSwlv  the 
ore  is  stirred  round  m  the  pipes,  at  intervals  durino-  half  an  honr  ir^  Li^^T  J  ^'  ^ 

63  Leipzic  cubic  feet  of  wnnH  Thl  7 !  ,^™e"ed  in  8  hours,  with  a  consumption  of 
9800  Ih,     Thi  V  1  production  of  Schneeberg,  in  1830  was 

^i^B^  it^^ 

latferrtal^f^hlS:;  Tart^s^^S  tvst^^r^  ''''f.  ^^"-^ 
facets,  is  very  brittle,  and  may  be  e^silv  Serf  to  nit'f  ''f  "'^  '°  -1?^""  ''''^'"^^ 
9'83;  and  by  hammering  it  with  care  thp  In!  °  ^°^t'''':    ^'^  ^P^^'A''  gravity  is 
melts  at  480°  F.,  and  may  beloolereo  or  ?°  hpTn  ^-  to  9-8827.  It 

moment  it  begins  to  soli4^he7emperature  rfselto  48^°'°*  ^"'"S"  ^"^ 

till  the  .vhole  mass  is  congealed     When  hpnfptf  V  "'"'^  continues  stationary 

length.    When  pure  it  affofdfa  verfvaluabl  iSelnrof  ^^P^"'^^  ™ 

ranged  thermometers.    At  stronrhJats  Wsmuth  vol        '*'^J"^''"g  ^^'^  ^<^^^^  of  high- 
vessels,  and  is  thus  obtained  in  crystXne  lamfn V       ""'  ""''"^'''^ 

colour  as  bismuth.    Bismuth,  with  tirLrms  a  'tnf"?'  "  ^"'^  ^^^^ 

than  the  tin  itself,  and  is  thereforrfi-equTntl/ad^^^^^^^ 

1  of  bismuth  and  24  of  tin  the  nllnv  cl.^  {  duaea  to  it  by  the  pewterers.  With 
brittle.  When  much  biSuth  is  X„  U  may  b^e'^^^^^^^^  7'^."^°''  bismuth  it  is 
acid,  which  dissolves  the  tin,  and  lea^s  the  Siuh  in  n  W^^^^^     by  strong  muriatic 

^JtfXl  eri^r^I^it  ^^^ir  Thi  r  T-^^^^'  I.  Newton,  and 

inetalfusibk  de  D'Arcet,  and  thus  claim  l^  J  l^         '°  ""^  ^"°y  t^e  name  of 
8  parts  of  bismuth,  5  of  lead  and  3  „f  Tin  °^       discovery  of  it 

202°F.;but2of 'bismuth.  loflLilT^^^^^  temperature  of 

Rose.    A  small  addition  of  mercury  aids  thp^       v'^'  according  to 

casts  of  anatomical  preparati^s^     ^  ^"'''"'"y-    ^uch  alloys  serve  to  tike 

Pewt-eretf^l  tL^mfhas^^r^  P^^oVseSatSr  ^  ^^'^  the 
Cake-moulds  for  the  manufacture  of  toi°et  so^l«         ^  tempering  steel  instruments 

at  199  F.    This  compound  should  be  a  lowed  tn  noli  a"oy  ^^hich  melts 


TiiQ       I  ^'  —  —         Jcceive  the 

rtqoired  for  the  e.gi„    le  te  t  *      i"?^  I>"Poniomd  lo  th.  q^^^l 
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tte  steam  causing  explosion  so  suddenly,  that  the  fusThle  alloy  had  not  time  to  melt 

I'he're'' are  two.  perhaps  three,  oxides  of  bismuth ;  the  first  and  the  third,  or  the 
K     -L  .t,rl  \,  i)er-oxide,  are  merely  objects  of  chemical  curiosity.    The  oxide 
eub-ox.de  and  ^^P^/^^^'^/Vay  be  readily  formed  by  exposing  the  metal  to  a  red- 
proper  occurs  native  an        y  y^^^^^  ^.^^  ^  ^^^^  ^j^^  ^^^^ 

white  7^to  a  yellow  pul^emlent  oxide.    But  an  easier  process  than 

S  n"w  r^eroned  is  to  dissolve  the  bismuth  in  nitric  acid,  precipitate  with  water, 
A  the  precipitate  to  a  red  heat.    The  oxide  thus  obtamed  has  a  straw-ye  low 

oolour  'a^d  fLes  r^t"^  ;  high  heat  into  an  opaque  glass  of  a  dark-brown  or  black 
nMonr  •  but  which  becomis  less  opaque  and  yellow  after  it  has  cooled.    Its  specific 
l^  y;  is  18  high  as  8-2U.    It  consists  of  89-87  of  metal  and  10-13  of  oxygen  in 
f  00 tarts     Thfabove  precipitate,  which  is  a  sub-nitrate  of  bismuth,  is  called^.ar^ 
S  and  is  employed  as  a  flux  for  certain  enamels,  as  it  augments  their  fusibility, 
"    n;.t-fTrnnv  Zour  to  them.    Hence  it  is  used  sometimes  as  a  vehicle  of  the  co  ours 
oTK^mTallk  oxide      When  well  washed,  it  is  employed  in  gild  ng  porcelam  ■ 
beinl  add^d  tn  the  proportion  of  one-fifteenth  to  the  gold.    But  pearl-white  is  mo 
u  ed\y  ladies,  as  a  cosmetic  for  giving  a  briUiant  tint  to  a  faded  complexion.     t  s 
uA  ii  \  ri],  f,„v1  hv  the  French.    If  it  contains,  as  bismuth  often  does,  a  iittie 
'mv^J  ?  recl{rie/*  dingy  coloured  on  exposure  to  light.    When  the  oxide 
•       '..vp^l  hv  droDprng  the  nitric  solution  into  an  alkaline  lye  in  excess,  if  this 
is  prepared,  ^^ied  it  forms  an  excellent  medicine;  and  is  given, 

KKuh^'um  tTalaSnttfor  th'e'  belief  of  cardialgia,  or  burning  and  spasmodic 
pains  of  the  stomach.  •„  r^,.„,^oro^  W  nddina- a  verv  dilute  solution  of  common 

Another  sort  of  Pearl-powder    Prepa^J  ^^^^Z^ ^ ^nZTnlent  sub-chloride  of  the 
salt  to  the  above  nitric  solution  '  "^'^  ^  gimUar  powder  of  a  mother-of  pearl 

metal  is  obtained  in  a  light  A^''^^^^^*  ^tfe^JS^  iK  solution  of  nitrate  of 

aspect  may  be  formed  ^7  dropping  dilute  muriaU^  of  commerce  is  converted  by 
bismuth.    The  ^rs^nic  a^^^^^  J^^^  aa  insoluble  arseniate  of  bismuth  separates 

become  legible  on  Pl't'lSj^S  ^J^^^^  VrsiSfor  lead  in  assaying  silver,  as  a  smaller 
It  has  been  proposed  to  substitute  wsmui  therefore 

quantity  of  it  answers  the  P^J-P-'^f '^^^J;/' ^ore  Sid  result.  But  independently 
Jenetra'te  the  cupel  more  y^l^'^'.^^^^^yTZ  th?  disadvantage  of  boiling  up,,  as 
of  the  objection  from  its  h  gh  price,  "is™  ^  cupellation  reqmres  a  high 

^ell  as  of  rocking  or  -egeta  ing  with  the  ^'l^^^;^;^^^  J  copper-mine  of  Fahlun, 
heat.  In  extracting  the  ilver  fr^J^  ^^e  f^^^.^.^  t„^,,ds  the  end  of  the  operation 
it  has  happened  sometimes  that  tne  si^^er  c  cupelled  again  with  a  fresh 

and  produced  a  cauliflower  ™<=  ^'^^j^j^,^^  J  a  portion  of  tL  silve?  had  passed  into 
S7uVet%e^Xstrcte^^^^^^^^^^  thus  concreted  the  presence  of 

""'The  nitrate  of  bismuth,  mixed  with  a  solution  of  tin  and  tartar,  has  been  employed 
asl  mo^rfanffS  dydng  lilac  and  glet  in  ca^^^^^^^^^^ 

Through  the  investigations  ^^^j^^^" J^eXkable  conditions  have  been  d.s- 
netic  conditions  of  ^^o^ies,  several  neynd  rema^^^      ^^^^  ^^^^^ 
covered.    These  may  be  fami  mrlj  «^?^ained  oy  s^^     S^^^  ^ 
influenced  by  magnets,  as  iron  is  bemg  .^g  ^^^^^  ^^^^^^  ^1  the 

hung  up  between  the  poles  of  a  horse  shoe  m       ,        ^^^^^^      ^^.^^  B„t 
line  which  unites  the  two  poles    ^^^^^^^i^'^t  the  head  of  this  class  and  sus- 
another  class  of  bodies  ^Vt.pn  theTo  es  of  the  magnet,  they  arrange  themselves 
pended  in  the  same  way  between  the  P"  cs  ot^         egmtorially,  these  bodies  being 
Lross  the  axial  ine,       af^f  araday  has  ter  ^  ^^^^      ^  father  account  of 

called  in  distinction  dia-magnetic  boaies. 

these  phenomena.  remarkable  of  the  dia-magnetic  ^oaies, 

jifL^,  "  tSS^thfclarfn  the  same  way  as  iron  does  at  the  head  of 

^'^^^S^S^ofSLtry "  ^j;;  -  ^-J  ~^SttS  "S'^ 

J:.Z  of  bismutb.  .T^^i/2;"--To  "eTe"% 

.  Con.uU  Be  U  K.v.s  Treat.e  on  KUctHOt.  t.ns.te.     CHaHe.  V.  Wa.e.  K.U-S. 
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before  the  blowpipe,  in  contact  with  some  moist  basic  nitrate  of  teroxide  of  bismuth, 
when,  in  a  short  time,  in  consequence  of  the  reduction  of  the  bismuth  by  the  lead, 
arborescent  sprigs  of  bismuth  are  formed  around  the  test  specimen.  Since  zinc  and 
iron  interfere  with  this  reaction,  they  must  be  previously  removed,  the  former  by 
fusion  with  soda,  the  latter  with  soda  and  borax,  in  the  reducing  flame. 

Lead  and  bismuth  can  easily  be  quantitatively  separated  from  each  other  by  the 
following  method,  proposed  by  Ullgren  :  —  The  solution  of  the  two  metals  is  pre- 
cipitated by  carbonate  of  ammonia,  and  the  carbonates  are  then  dissolved  by  acetic 
acid,  and  a  blade  of  pure  lead,  the  weight  of  which  is  ascertained  beforehand,  is 
plunged  in  the  solution.  This  blade  must  be  completely  immersed  in  the  liquor. 
The  vessel  is  then  corked  up,  and  the  experiment  is  left  for  several  hours  at  rest. 
The  lead  precipitates  the  bismuth  in  the  metallic  form.  When  the  whole  of  it  is 
precipitated  the  blade  of  lead  is  withdrawn,  washed,  dried,  and  weighed.  The 
bismuth  is  collected  on  a  filter,  washed  with  distilled  water  which  has  been  previously 
boiled,  and  cooled  out  of  contact  of  the  air ;  this  metal  is  then  treated  with  carbonate 
ammonia,  and  the  precipitate  which  is  left,  after  washing  and  ignition,  is  then  weighed. 
The  total  loss  of  the  metallic  lead  employed  indicates  how  much  oxide  of  lead  must 
be  subtracted  from  the  total  weight  of  the  protoxide  of  lead  obtained.— £  Peligot's 
Edition  of  Rose. 

Oxide  of  bismuth  can  be  separated,  by  means  of  sulphohydric  acid,  from  all  the 
oxides  which  cannot  be  precipitated  from  an  acid  solution  by  this  reagent.  Yet 
when  the  precipitate  of  sulphide  of  bismuth  is  intended  to  be  made  by  means  of 
sulphohydric  acid,  it  is  necessary  to  take  care  to  dilute  with  water  the  solution  of  the 
oxide  of  bismuth.  But  as  the  solutions  of  bismuth  are  rendered  milky  by  water 
acetic  acid  should  first  be  added  to  the  liquor,  which  prevents  its  becoming  turbid 
when  water  is  poured  into  it.  —  Rose.  s  ^ 

The  mines  of  Schneeberg  produce  annually  about  4000  kilogrammes;  those  of 
i:'^.%'MlT^i:'ot,:^^^  ■^''^^^  °'  ^^^"^^  ^ilogrammes-equa, 

°^  Bismuth,  5  cwts. ;  declared  value,  62/. 

Bib  IKE  iBistre,  Ft.;  Bister,  Germ.)  A  brown  colour  which  is  used  in  water- 
colours,  in  the  same  way  as  China  ink.  It  is  prepared  from  wood-soot,  hat  of™h 
&.r  T^-  T^"^"?*  '=°'"P^°'  aiidbest  burned  parcels  of  soo  are  collected 
from  the  chimney  pulverised,  and  passed  through  a  silk  sieve.  This  powder  is 
mfused  m  pure  water,  and  stirred  frequently  with  a  glass  rod,  then  aUowedT  settle 
and  the  water  decanted.    If  the  salts  are  not  all  washed  away,  the  process  mav  be 

vS  fiMpT'^'r''^.""'"-    T'^^  P^^*^  t°  ^«  poured'into  a  long  narrow 

vessel  filled  with  water,  stirred  well,  and  left  to  settle  for  a  few  minutes  in  order  to 

mfar^ri'  T.'?  '^^^  ^^Pematant  part  is  then  to  be  poured  off  In  o  a 

similar  vessel    This  process  may  be  repeated  twice  or  thrice,  to  obtain  a  very  good 
bistre     At  last  the  settled  deposit  is  sufficiently  fine,  and,  when  freed  from  it/snnp, 
natant  water,  it  is  mixed  with  gum-water,  moulded  n to  proper  eS  an^dr  ed 
IS  not  used  in  oil  paintmg,  but  has  the  same  effect  in  water^olurs  as  brown  ^  has 

removed,  it  is  apt  to  collect  in  IktirflnMi     i:.-  ^  v  •         ^""^  ^""'^^  I'een 
allow  of  the  fine  uniform  tint  ie  re5  in  t.T  '^'^"1^^^  g™' 

exceptions.  ■'''^'^  ^'^  ""^^  °^™>^°li  ™Portance  in  the  arts,  with  a  few 

It  tTSdllf-S^^^^^^  -e^.for  preserving  beer, 

evaporated;  then  the  extract  sTssXpH  ;^  T   \^]S^^}'°n  in  alcohol,  which  is 

This  is  evaporated,  anrthrJe  duarv  ml  "  u'H'  ^"''^  "'^'''^'^^  ^ith  lime 

Quassin  is  the  bitter  nrinc  dIp  oT  T    •  "^"^            °'  ^tl^er. 

Cc«^/a„/„,thatofgenTaij;Tc  P  '                           wormwood;  and 

X  2 
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For  particulars  of  these,  and  numerous  other  bitter  principles,  see  Ure's  "  Dictionary 
¥lJe  foE'ing  list  contains.the  principal  bitter  substances,  most  of  -^hich  have  been 
used  in  the  arts  and  in  medicme  :— 


Name. 


Quassia  -       -  " 

Wormwood 

Aloe      -       -  " 

Angustura 

Orange  -       -  " 

Ditto 

Acorus   -       -  ■ 

Carduus  benedictus  - 

Cascarilla 

Centaury 

Camomile 

Colocynth 

Colombo  -       -  ■ 
Fumitory 
Gentiana  lutea- 
G  round  ivy 
Walnut  - 
Iceland  moss  - 
Hops 

Milfoil  - 

Large-leaved  satyrion 
Rhubarb  - 
Rue 

Tansy  - 
Bitter  trefoil  - 
Simarouba 
Bryony  - 


Part  employed. 


Coffee 


Wood 
Herb 

Inspissated  juice 
Bark 

Unripe  fruit 
Peel 

Root       -   ■  - 

Herb 

Bark 

Herb 

Flowers  - 

Fruit 

Root 

Herb 

Root 

Herb 

Peel 

Scales  of  the  fe- 
male flowers. 
Herb  flowers  - 
Herb 
Root 
Herb 

Herb  flowers  • 

Herb 

Bark 

Root 

Seeds 


Country. 


Observations. 


Surinam,  E.  Indies 
Great  Britain 
South  Africa 
South  America  - 
South  of  Europe  - 
Ditto  - 

Ditto  -       -  - 
Greek  Archipelago 
Jamaica 
Great  Britain 
Ditto  - 
Levant 

East  Africa  - 

Great  Britain 

Switzerland  - 

Great  Britain 

Ditto  - 

Ditto  - 

Ditto  - 

Ditto  - 
Ditto  - 
China,  Turkey 
Great  Britain 
Ditto  - 
Ditto  - 
Guiana 
Great  Britain 


Arabia 


Powerfully  bitter 

Ditto 

Ditto 

Ditto 

Aromatic  bitter 

Ditto 

Ditto 

Ditto 

Ditto 

Intolerably  bitter 
Very  bitter 
Ditto 
Ditto 
Nauseous 
With  tannin 
With  starch 
Aromatic  bitters 


Disagreeable  odr. 
Bitter  and  sharp 
Bitter  &  offensive 


Sharp,bitter,  nau- 
seous. 
Agreeable 


A  carbonate  of  lime  and  a  carbonate  of  magnesia.    See  Dolo- 


BITTER  SPAR.  ^  

"bitumen,  or  ASPHALTUM.  (S^'i'v^ ^ '  -^^Srlui ^rnVs*^^^^^ 

"iSr  c"'.";«ral  di»i.o,  wieta,  of  -.bich  .be  .«  top...». 

i"ol;ti.a  of  ab,.*,  or  b,o,.isb.blaok,  eo.ou,,  wUb  .  co.ebo.M 

''^::SS^r^steAi^oh^^^  p,,roleam,  and  the  various 

iinvinffs  of  which  the  waters  contain  a  ™^'we  w  p  numerous,  and  are, 

the  most  powerful  perhaps  yet  known  aic 
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In  one  locaUty  there  are  said  to  be  520  wells,  which  yield  annually  400,000  hos-s- 
lieads  of  petroleum.  ° 

is  seen  to  ooze  from  the  bottom  of  the  sea  on  both  sides  of  the  island 
ot  Irimdad,  and  to  rise  up  to  the  surface  of  the  water.  It  is  stated  that  about 
seventy  years  ago,  a  spot  of  land  on  the  western  side  of  Trinadad,  nearly  half- way 
vo^T^^'a  k     ''''P'!,'^  ^""^'^^  ^>"^Se,  sank  suddenly,  and  was  immediately 

CrlTp-ll  T  T     .^''of      ^  ^^y-  probably,  was  formed  the  celebrated 

rnnin//  ;        '^^"''^''^  ^-y*'"  '■'^'^^'■^^  =  -  "  The  Orinoco  has  for  ages  been 

where^bvZfnT  '^"''"'f '  of  woody  and  vegetable  bodies  into  the  surrounding  sea, 
in  par^iSlar  pi"''''Tf/r'''"*?°^  '^'^  "^'^  and  accumulated 

of  volcant  Ldon  fn  TT  of  earthquakes,  and  other  indications 

^nT,\f         action  m  those  parts,  lend  countenance  to  the  opinion  that  these  veeetable 

flourish ;  and  aWPoinUa  S«Tfthl         '^P-^  ^'^''^^  ^'"'^  yegetables 

Asphaltum  is  abundant  on  the  shnrpo  nf  fh^  ti^-j  o  t 
mines  of  Derbyshire  and  has  hp/n  ft!  a  ■  some  of  the 

Poldice,  in  Cornwdl '  There  is  a  remTk.hT  f.''"  ^''l  ^"'^"^  ^""^  A^^^r  ^Par,  at 
region  of  Bechelbronn  and  Lbsann^n  AIs.L  ^""^  ^^"-^^'one  of  ihe 

we  learn  that  probably  this  bitumen  hafhad  V/o'-  observations  of  Daubree. 
mterior  of  the  earth ;  and  indeed  in  AW  w  T^'"  ^  ^nianation  from  the 
sandstone  of  the  Vosges  a  Cure  JhiM,  '  !  •  ^^^^^  ele^,^ted  fissure  of  the 
Trias,  but  was  not  yeTclosed  during  tt"^^^^^^^^^^^  -^^P^-t  of  the 

observed  in 

a  subterranean  funanis     Tt  ™nc  I    ,    '  ''y  ^"^^  I-ister,  m  1673,  who  callprt  it- 

Carbon  85-47        -       -  g  , 

a  greenish  colour,  soft,  elastif,  burning  with  a  whif^fl  'gl»t>y  translucid,  of 

opa,ue,  and  floated  on  water.  ^It  ^S^I^^^^l^^t^^^^^  ^ 

Carbon-  -  .  .             ^"f^^-  French. 

Hydrogen  -  .  "  "  0"5826 

Nitrogfn  -  *  -  -  0-0489 

Oxygfn  .  :  :       :    JJJJJ       -  -  O-OOIO 


0-3673 


Of  ordinary  bitumen  wo  v,.  ,  ^'OOOO 

obtamed  his  sL^rf^oVt^irerS'^nd  E  oTh^^^^.'  °-  ^7  ^belmen.  who 
a  Peruvian  specimen  :_  '  otl»er  by  Boussingault,  which  waa 

S^'-''On  -        -        -        .  Peruvian. 

Hydrogen     -       .       .  '°  -       -  88-63 

Oxygen       .       .  *  -       -  g.eq 

Nitrogen      .  ■       10-34 1  ^ 

Ash     -  *       "       ■        2-32/  -       -  1-C8 

1-80 


310  BITUMEN. 


^    ,         ,  .„fK;t,iiT.pn  for  navements,  Dr.  Ure  has  the  following  remarks  :— 

On  the  employment  of  bitumen  f^^^^  useful  arts,  that  asphalt,  which 

It  IS  a  very  '•e^arkable  fact  in  t  e  a      y  ^^^^.^^^  constructions 

was  so  general  y  employed  as  a  soM  ^^^^^ 

upon  y     '    ^^^i^^^  ^h,re  is  certainly  no  class 

fallen  wel  n>gh  into  d  sus^^^^^^^^^^  ^^^^  bituminous,  by  their  plasticity,  fusib.hty, 
of  n^lfral  "b  '^^^^^^^^^^  by  water,  and  unchangeableness 

tenacity,  ^-^^^^'^f  '  into  the  Composition  of  terraces,  foot-pavements,  roofs, 

ment,  rightly  tempered  m  t«^«^"*y' ^^l^J'^'^^^^^^^^^  of  late  in  a 

^$!^-ZZ^r^:^^^^^-^  a  muc^h  longer  thne.  in 

"^Se  great  Place  de  la  Concot^S-i^^  SX'ptL^aSl^rB^u^^ 
beautiful  mosaic  pavement  of  asphalt  ^^ny  ot  tne  p^  bituminous 
formerly  so  filthy  in  wet  weather,  are  Xfoornaths  of  the  Pont  Royal  and  Pont 
n,astic,  free  alike  from  du«'  ^^^^J^^^f  ^^J^^f  ,tug^^^  have  be'en  for  several 

Carousel,  and  the  areas  of  the  g^f  ^^  puf^^«  ^^^f^^^  It  is  mich  to  be  regretted  that 
years  paved  in  a  similar  manner  ^^th  p^-Jf^'  iSsed,  and  nearly  abortive,  attempt 
ihe  asphalt  companies  of  London.  ^J^^he  ilUudgea  a  y  ^^^^^ 

to  pave  the  carriage-way  near  the  ea^^^^^^^^  ^-^^.^    ^^^.^^  ,  f 

season,  most  unpropitious  to  the   aymg  oi  ^^.^^  contained  much 

blocks  not  more  than  three  or  four  i^«hes  thick,  m  y  ^^^^^  vibration  of 
siUceous  sand,  such  a  pavement  cou^^^^^^  rolling  over  it.  This 

raanv  thousand  heavy  drays.  ^^S^t  against  rightly-constructed  foot  pavements 
failuVe  can  alford,  however  no  arg'^ment  a^^^^^  rig  J  ^.^^^  j^^^,  led  to 
and  terraces  of  asphalt.    Numerous  experiments  a  ties  for  making  a 

conclude  that  fossil  bitumen  PO^^-^^^  ^^^^  ^^'^^l^JJ.o^i  tar.  The  latter, 
durable  mastic  than  the  «oli<i  f  "^.^X^s  hecomes  brittle,  and  may  be  readily 
^hen  inspissated  to  a  proper  ^eg-e^  retains  sufficient  tena 

crushed  into  powder  ;  d  pitch  being  generated  by  the  force  of  fiie. 

city  to  resist  abrasion,  .^^af  tiojij  ta,^  g  g^       ^^^^^  ^^^^^^ 

seem  to  have  a  propensity  to  decompose^Dy      J  ^^  ^^^^^ 

mineral  pitch  has  been  known  to  remam  to^^^^^        substantial  mastic  as  the  native 

Bitumen  alone  is  not     ^^^IJ^^^^'P^s  eaS  ^  ^^'"^  ^'"^''^^  p  If 

compound  of  bitumen  and  calcareous  ^ajtb,  j;^ic  unquestionably  that  of  the 

rock  of  which  the  richest  and  most  /^^^^f ™  interesting  mineral  deposit  occurs 
Val  de  Travers,  in  the  canton  °f  NeuJAateh  f 

in  the  Jurassic  limestone  ^^^^I'^^^^l^ST^J  blasting  with  gunpowder.  The 
is  very  accessible,  and  may  be  '^^f  f  ^  J^^ava^^  colour,  and  is  interspersed  with 

stone  IS  massive,  of  irregular  fracture,  of  a  H^er  oro  ^eratched  with  the  nail. 

V  few  minute  spangles  of  flcareous  spar    Though  i^^^^^^^^  ^^^^^^^^ 
•tTs  difficult  to  break  by  ^^^^^"Vop ^J^S  at  once  di'stinguishes  it  f rom  aU 

Sfeo=^iS^a;^5|S 

ird^rLe^s:^^^^^^^^^^^ 

Si?gTo\— ^^^^^^  of  90  parts  of  car- 

when  trodden  upon.    In  fact,  tnere  » 
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matter  aud  bitumen,  that  their  parts  separate  from  each  other  by  a  very  small  disrop- 
tive  force. 

Since  the  asphalt  rock  of  Val  de  Travers  is  naturally  rich  enough  in  concrete  bitu- 
men, it  may  be  converted  into  a  plastic  workable  mastic  of  excellent  quality  for  foot 
pavements  and  hydraulic  works  at  very  little  expense,  merely  by  the  addition  of  a  very 
small  quantity  of  mineral  or  coal  tar,  amounting  to  not  more  than  6  or  8  per  cent. 
The  union  between  these  materials  may  be  effected  in  an  iron  cauldron,  by  the  appli- 
cation of  a  very  moderate  heat,  as  the  asphalt  bitumen  readily  coalesces  with  the  tar 
into  a  tenacious  solid. 

The  mode  adopted  for  making  the  asphalt  pavement  at  the  Place  de  la  Con- 
corde in  Pans  was  as  follows:  — The  ground  was  made  uniformly  smooth,  either  in 
a  horizontal  plane  or  with  a  gentle  slope  to  carry  off  the  water;  the  curb-stones 
were  then  laid  round  the  margin  by  the  mason,  more  than  4  inches  above  the  level  of 
the  ground  This  hollow  space  was  filled  to  a  depth  of  3  inches  with  concrete, 
contaming  about  a  sixth  part  of  hydraulic  lime,  weU  pressed  upon  its  bed.  The  sur- 
face was  next  smoothed  with  a  thin  coat  of  mortar.  When  the  whole  mass  had  be- 
fTZr^f^.  • ^  """'"^  pattern  was  set  out  on  the  surface,  the  moulds  being 
formed  of  flat  iron  bars,  rings,  &c.,  about  half  an  inch  thick,  into  which  the  fluid 
mastic  was  poured  by  ladles  from  a  cauldron,  and  spread  evenly  over 

The  mastic  was  made  in  the  following  way  :- The  asphalt  rock  was  first  of  all 

The  bottoW:r''''°"'  '°  """^  "-der  to  rendei    t  fHabk 

The  bottom  of  the  oven  was  sheet  iron,  heated  below  by  a  brisk  fire.  A  volatile 
matter  exhaled,  probably  of  the  nature  of  naphtha,  to  the  Lount  of  one-foVtilth  he 
weight  of  asphalt;  after  roastmg,  the  asphalt  became  so  friable  as  to  be  eLlJ  reduced 
to  powder,  and  passed  through  a  sieve  having  meshes  of  about  one-fourth  of  an  inct 

The  bitumen  destined  to  render  the  asphalt  fusible  and  plastic  was  melted  in  small 
ceous  stones  to  be  very  iniudicious     If  nnpthinn-      n>   i  •  \  '""""^a,  poiisned,  siii- 

^is^^is^ the  5^Si^:r:-^ 

^sS.'oZ::^'lfl^^^^^^^^^  «-Pany,  drawn  up  by 

between  the  properties  of  min^  aT  tafand  vereta^tar  ?he  hit^t'''''"^  comparison 
latter  substance,  including  various  modifip  Jtlnnl  !  /  }  f  l"t"«ien  composed  of  the 
far  as  they  wcr^  able  to  fscei  tain  en^retlued  Tht  h-^""  '""^  «° 
ties  and  defects  of  vegetable  tar%ecoS  soft  ^t  115°  ^f  v?'  T^?  '°  "^uali- 
brittle  at  the  freezing  point;  while  thHitumen  int„  Iv  I  ^^^••"^"lieifs  scale,  and  is 
170°  of  heat  withou! k^r^  TZ  couZ^^^^^^^^  ""i?'"'  '''''''  ^^'^ 
was  at  Ui°  below  zero  C.,^the  bUumen  of  Rn<=?pVn  fn''  <^old 
of  the  Pont  Neuf  at  Pari  is  pav  dTas  no^^^^^^^  7'*  ^hich  one  side 

have  resisted  any  degree  of  coW  wbil  fl^f-  '"^P^^^f,  and  would,  apparently, 

composed  of  af  a^^^^^^^^^^  ^"•^^--'J'  -^-h  wJs' 

vernment,  instructed  by  these  exnerir^Pnt?  W  ,     ^    ^  ^u''''^^-  ^''^ch  Go- 

bitumens  are  laid,  that^the  JaveSXTld  be  JnTn^  ""^  °^  ^^««'^We 

where  the  bitumen  composed  of  miLraUar^  nsp^  A^-*^  ^ '^^ 
an  inch  is  deemed  sufficient.    4e  pavement  of  the  bl^'  °/  three-quarters  of 

has  been  laid  upwards  of  15  years  by  IhrBastenne  ro^  ^"^  warehouses  at  Bordeaux 
as  perfect  as  when  first  formld.    tL  reservS  coSt^f  ?         "  '^^^ '°  « '^^dtion 
he  Seine,  at  Batignolles,  near  Paris,  ha' e  bee^  monn^^^^^^^^       °  ^''t"^ 
the  mtense  cold  of  the  winter  of  1837,  which  fror^P  wlf  rTV^""^  ^notwithstanding 
solid  mass,  and  the  perpetual  water  prJssire  o  wh Sh  tT.       °  ^"^^'^'''^  '^to  onf 

betrayed  the  slightest  imperfection  irany  poSt  Tt  r/ '^'^Y  ^^^^  i>ot 
tifications  at  Bayonne,  have  answered  so  wd  that  tSe  0^''  '°  '^"^i^^t  for- 
entered  into  a  very  large  contract  with  tll  !!'  the  Government  many  years  atm 
whole  of  the  arch's  of  1  Sab  and  St  n^T^  ^'orks,  while  the 

floorings  necessary  for  these  rk  ^^tebeeSd  ^ufe  PavemeSJ^I 

transported  m  barrels  to  Paris  or  L^l^^l^^^  VS^^^^tJ^ 
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company  at  111  per  ton,  in  virtue  of  a  monopoly  of  the  article  purchased  by  the  com- 

^"IVl^Z'  'i.e  Tuper^tSt  of  the  Bastenne  Company,  was  good  enough  to 
supply  me  ^vi'th  various  samples  of  mineral  tar,  bitumen,  and  asphalt.c  rock  for 
3yL  The  tar  of  Bastenne  is  an  exceedingly  viscid  mass,  without  any  earthy  im- 
purUy  It  has  the  consistence  of  bakers'  dough  at  60°  of  Fahrenheit  •,  at  80°  it  yields 
?o  the  slightest  pressure  of  the  finger;  at  150°  it  resembles  a  soft  extract;  and  at 
212°  it  has  the  fluidity  of  molasses.    It  is  admirably  adapted  to  give  plasticity  to 

A  soecimen  of  Egyptian  asphalt  which  he  brought  me,  gave,  by  analysis,  the  very 
same  composition  L  the  Val  de  Travers,  namely,  80  per  cent,  of  pure  carbonate  of 
•  Ume  and  lo  of  bitumen.  A  specimen  of  mastic  prepared  in  ^''^^f  J^^f'!""^ J° 
:  :  In  1  no  mrts  of  "9  of  bitumen,  52  of  carbonate  of  lime,  and  19  of  sihceous 
rr  A  poS  of  Ini  called  the  natural  Bastenne  rock  aflbrded  me  80  parts  of 
Sv  sUiceous  matter  and  20  of  thick  tar.  The  Trinidad  bitumen  contains  a  consi- 
Sle  portion  of  foreign  earthy  matter;  one  specimen  yielded  me  25  per  cent,  of 
de  able  poruon  oi  luu,  g  ^  oQ  •  and  a  fourth,  30:  the  remainder  was  pure 

fmfy  pme  fc'  °  iiolvfd  In  oil  of  turpentine  .ilhout  le.v.ng  any  .pprecable 
"f  °Co.-.  P™  Bi.u„en  C.»p„,  ^0^^-^^^^^'^'^''^^^''^ 

down  by  them  m  V^tom  fttreei^^  ne  archway  of  the  Horse-Guards,  and 

Company  have  laid  down  their  ^^ftic  unaer  tne  a  y  cracked  at  the  junc- 
in  the  carriage  entrance     ^^^^rdnaace  O^^^^^^  ^^^ement  laid  down 

tion  with  the  old  pavement  of  Yorkshire  curt  Bastenne  Company  has 

byClaridge;s  Company  at  Whiteh^^^^^^^^  Orford  Street ;  they  have  laid 

exhibited  the  best  specimen  of  asphalt  pavemen^  ^ 

down  an  excellent  piece  of  f^^^^^^^^  in  paving  830 

feet  by  7,  on  Blackfriars  Bridge,        ''^ri^^  .  :„ij  ^hich,  though  much  traversed 

r/?ot'tSi«s^^^ 
rpS4-sriToi-Sp«^^^^ 

rSed  no  injur,  from  the  i^^^^^  donble  tbnt  of  water,  . 

As  tie  speeiSc  S-a^fy  »'  P"'',"'^  ",1„"  ife    an?  "  Vare  foot,  tbr.e  quarter,  of 
cnbio  foot  of  it  will  we.gb  from  125  to  130  IM.,  ana     ^     ,j„rf„e  will  eowr  280 

jSa'SXtlfeKte  Eltien  Company  sell  tbeir  prod.ots 

are  as  follows ;  — 

Pure  Mineral  tar,  24Z.  per  ton,  or  28s.  per  cwt. 
Mastic,  81.  8s.  per  ton,  or  lOs.  per  cwt. 

■Roofs  and  Terraces. 
Side  Pavement.  Koois  an 

From  50  to  100  feet,  Is.  34-  per  foot.       -        6j  per  foot. 

100  250    is-  Yj  -  :  :  i,:  xd. 

250  500  nd.  -  _  I 

500  750  lOj  -  .       .  lid. 

750  1000  9d.  -  _ 

1000  2000  8rf.  -  _ 

2000  5000  7d.  - 


For  filling  up 


mere  .be  work  e»eeds  5000  fee.,  ■;''Sf:^'':i^^T^t,^^^^y' 

fo^*ta&»^^^^^^^^^^^ 

*''5t:r™de  Traver.  Company  o.f*  J^jeiS  Sy  "e 

Sfir  maatie  Ibree  quarter,  ,f  »  "tnl^f  sqCr.  foot  instead  of  btee.pence,  be.uB 

n.i\'o?tl;r«b3£^*5-^^^^^^ 

failures.  Under  the  c°'".^/"^^^,^'^7^i"at  the  proper  proportions  of  the  respective 
ji  rapid  disintegration.    It  maj  oe  umu 
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ingredients  may  not  have  been  mantained,  and  that  further  trials  are  advisable.  At 
present,  although  bitumen  is  employed,  and  with  seeming  advantage  as  a  cement 
between  paving  stones,  there  is  no  extension  of  its  application  in  the  formation  of 
foot  pavement  as  recommended. 

BIXINE  and  BIXEINE.  Two  conditions  of  the  colouring  matter  of  Arnotto, 
according  to  Preisser.    See  Arnotto. 

BLACK  BAND.  A  variety  of  the  carbonates  of  iron,  to  which  attention  was  first 
called  by  Mr.  Mushet,  at  the  commencement  of  the  present  century.  The  iron  ma- 
nufacture of  Scotland  owes  its  present  important  position  to  the  discovery  of  the  value 
of  the  black  band  iron  stone.  This  ore  of  iron  is  also  found  in  several  parts  of  the 
coal  basm  of  South  Wales,  and  in  the  north  of  Ireland.    See  Iron. 

Chemical  examination  of  the  black  band,  from  the  neighbourhood  of  Airdrie,  about 
ten  miles  east  of  Glasgow,  gives  the  following  composition  :  


Carbonic  acid  35-17 
Protoxide  of  iron  53-03 
Lime  - 
Magnesia 
Silica  - 
Alumina 


  3-33 

  1-77 

  1-40 

Peroxide  of  iron  0'23 

Bituminous  matter  -       -       -       .       _       . '     _  3.Q3 

Water  and  loss  i-^i 


100-00 

^^fA"^^^ -^^^^    *^ ^"""^  '  Schwartze  Farbe,  Germ. )    Textile  fabrics  are 

of  t^,ffVn  'r?r^f '°       ^"^^'^y  °f  required,  and  the  kind 

ot  stutf  on  which  the  dye  is  to  be  produced 

resSs  ^°Fo^ I  '^^'"^  "T""!^'"  ''"^       ^«  t°  P-'oduee  excellent 

midd  e  sizP  1«  Z    f^         Previously  dyed  blue:  -  There  is  put  into  a  boiler  of 
middle  size,  18  lbs.  of  logwood,  with  the  same  quantity  of  Aleppo  galls  the  whole 
being  enclosed  m  a  bag ;  this  is  boiled  in  a  sufficient  quantity  of  water  f^   o  hlrs 
one-third  of  this  decoction  is  transferred  into  another  boiler  w  th  sTounds  of  verdi- 
ho  passed  through  this  solution,  stirring  it  continually  durinr^wo 

hours,  taking  care  to  keep  the  bath  very  hot  without  boiling.   The  stu/is  then  liftTd 

oTCnt  grSntit  iS'  'Tt'^'^^Vri  'ith  8  ^oTnfs'o^ru^lS 

prepared  with  we  Id  whichTs  maS'fn  wf  7  ^  ^^'^ 

bath  thp  J„ff-   !       r-  ®  '^'^  instant;  and  after  refreshine  thp 

manie?::  ryb  aSu^^^^^^^  to  r^^.er  the  black  more  fast.  In^li 

Commnnil    "^^""i"'  "J^ack  IS  obtained,  without  rendering  the  cloth  too  harsh 
turS^hro  Sh  aTatro7illCr^^  are  employed.    Thufthe  blue  cSth  fstmply 
through  a  bafh  of  loLoo^i  in^^^^   'I       'I     ^""i'^  "^^^  P^^^sed 

-hich^t  is  washed  an^fuSed  Buf^n  n?,  ''"^  ^^'^^ 
blue  vat,  should  be  ?horouilvw^^^^  ''''''       '       ^^'^"^  P'^^^^"^  '^^°'^S^  the 

^  hSiS  r  r  r  F?-  ^"^^  '^'"^^'^^ -"'^'^'^y 

For  ^^a^d^oVdtV  bluets  Pf  or-ed  in  the  following  manner  .- 
4ilbs.  of  logwood,  aL    l  lbs  sumach     IfTer  Lt  ' 

it  is  lifted  out,  11  bs  of  snln hnT^f       ^^'er  boilmg  the  cloth  in  it  for  three  hours 
then  passed  throu^  It  duS^^^^^  '^'it  ^^^^/^^^hoiler,  and  the  cloth 

for  an  hour.    It  it  lastly,  wfshJd  and  scou  -ed     ?hP  bin '  "^f^"  ^^th 

by  the  preceding  process     Fvnor.-^lT  ,  f  ?e  black  is  less  velvety  than  that 

in  the  a'ncient  r!/uTado"s  only^g  ves "a  7e7i^^'c^'^.  -^-^^--g  Prescribed 

finer  and  more  velvety  without  madder  °  "Stained 

are  for'fl'K  ofZoZ  Sr'""'-  ^'^g"^^  ^^^-^         generaUy  adopt 

Of  iron,  as  r..^^;  ^^^^t^S^S^^^^i^ 
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dotli;  they  then  pass  it  through  the  decoction  of  logwood  to  which  the  sulphate  of 

iron  has  heen  added.  .  .        ,   ,  .  ^,     .  ,         ,  ,  ^i. 

When  the  cloth  is  completely  dyed,  it  is  washed  m  the  river,  and  passed  through  the 
fuUin"--miU  till  the  water  runs  off  clear  and  colourless.  Some  persons  recommend,  for 
fine  cToths  to  full  them  with  soap  water.  This  operation  requires  an  expert  workman, 
who  can  free  the  cloth  thoroughly  from  the  soap.  Several  recommend,  at  its  coming 
from  the  fulUnp;,  to  pass  the  cloth  through  a  bath  of  weld,  with  the  view  of  giving  soft- 
nesTand  solidit;  to  the  black.  Lewis  says,  that  passing  the  cloth  through  weld,  after 
it  has  been  treated  with  soap,  is  absolutely  useless,  although  it  may  be  beneficial  when 
this  ooeration  has  been  neglected.  ,.      „  ,   ,  , 

The  following  German  process  is  cheap  and  good.  100  lbs.  of  cloth  or  wool  are  put 
into  the  copper  with  sufiicient  water  and  15  lbs.  of  Salzburgh  vitriol  (potash-sulphate 
of  iron)  and  5  lbs.  of  argol,  heating  the  bath  gradually  to  boding,  while  the  goods  are 
wel  worked  about  for  two  hours,  taking  them  out  and  ^^y^^l^^^y^^'l^^'f'^^^^^^^ 
twcntv-four  hours.  They  are  then  to  be  put  in  a  lukewarm  bath  of  from  2.5  to  30  lbs. 
of  Cwood,  and  10  lbs.  of  fustic,  and  to  be  worked  there  n  while  it  is  made  to  bo  1 
duiKwo  hours.  The  goods  are  now  removed,  and  there  is  put  into  the  copper  1^  lbs. 
of  vefdSs  dissolved  in  vinegar;  the  goods  are  restored  into  the  improved  bath, 
and  tnrntd  in  it  for  half  an  hour,  after  which  they  are  rmsed  and  dried. 

TWrocess  for  dyeing  merinos  black  is,  for  100  lbs.  of  them  to  put  10  lbs.  of  cop- 
oc  iTftr,  tbP  bath  of  Dure  water,  and  to  work  therein  for  a  quarter  of  an  hour,  as 
peras  into  the  batli  ot  P^\^  "^^y*!^' ^  ^  ^^  replace  that  portion  by  the  second, 

rr  Se^ 

nXTatuVaJ^cSinsasub^^^^^^^^^^ 

the^titfness  which  it  °f  ^ f^^tte^^^^^^  resist  the 

^THlealfs&nded  for  black,  ^^^^^^^^^^^^  ^'^'^ 
fifth  of  its  weight  of  white  soap,  f  jj^  f     ^..Shs  weight  of  the  silk  are 

For  the  galling,  "-^t-gal^s  equa  near  y  to  tto^^^^^^^^  ^  ^^^^^^ 

boiled  during  three     ^0^^^°*^"         """^^  iXior  kind  called  galon,  berry  or  apple 
or  less  of  the  white  gall-nuts,  or  of  even  an  i^^lerior  liina  c        g      ,  j 

gllS  are  used.    The  proportion  ^^^f  ^^'  X  ho^^^^^^ 

lalls  to  from  eight  to  ten  Par^  of  gon     After  the  bo  _^g,       ,  ^^^^ 

settle  for  about  two  hours     ^^^^  .^Jf     ■        js  takin  out  and  washed  in  the  river, 
from  twelve  to  ttirty-s.x  houi-s  after  wh  c^^^^^  more  or  less  considerable,  of  the  astrm- 

Silk  is  capable  of  combining  with  q".antmes^,  more  or 
gent  principle;  -^ence  results  a  consi^^^^^^^^^  colouring  particles,  which 

weight  of  the  astringent  principle,  Quantity  of  the  astringent  principle 

Tubfequcntly  fix  themselves  in  ^^.Z°''ZZonLrZ  are  varied  accord- 

-si^S^^^^  " " '  " 

^^^^^SeT^if^S™^ 

weight,  or  by  the  ^^^rv'^on^  tCsilks  of  the  ormcr  being  sold  by  weight,  those 
distinguished  from  that     ^y^^^'/'^'.Xe  h^""  '°  surcharge  the  weight  at 

of  the  latter  by  measure.  I  was  the^*"^^^^  dying  ingredients  at  Lyons;  whence 
Tours,  and,  on  the  ^^^^rary  to  be  spanng  of^he  y^^^„  ^^^^^  ,  „  methods  of 
came  the  distinction  of  l.ght  ^^^^^^  ^"^^^^^  having  been  adopted  there. 

dvcinK  are  practised  at  Lyons,  the  two  moac  .j.  resumes,  in  the 

^Smf  loses  nearly  a  fourth  of  its  wfg^^.Y„^he  heavy  black  dye,  it  takes  sometimes 
light  black  dye,  one  half  of  th,s  'oss ;  b^^^°  «  ^^^^  f  , prions  to  the  beauty 
upwards  of  a  fifth  more  than  its  P""  ^^^^J^^'^^Ti^e  surcharged  kind  is  denom.naU.d 
of  the  black  and  the  durability  of  the  stuti.     i  k     ^^^^^^^     s,„,,  „,k 

English  black,  because  it  is  pretended  that  1 


BLACK  DYE.  315 

dyed  with  a  great  surcharge  lias  not  a  beautiful  black,  it  is  usually  destined  for  weft, 
and  is  blended  -with  a  warp  dyed  of  a  fine  black. 

The  peculirity  of  the  process  for  obtaining  the  heavy  black  consists  iu  leaving  the 
silk  longer  in  the  gall  liquor,  in  repeating  the  galling,  in  passing  the  silk  a  greater 
number  of  times  through  the  dye,  and  even  letting  it  lie  in  it  for  some  time.  The  first 
galling  is  usually  made  with  galls  which  have  served  for  a  preceding  operation,  and 
fresh  gall-nuts  are  employed  for  the  second.  But  these  methods  would  not  be  sufli- 
cient  for  giving  a  great  surcharge,  such  as  is  found  in  what  is  called  the  English 
black.  To  give  it  this  weight,  the  silk  is  galled  without  being  ungummed;  and, 
on  coming  out  of  the  galls,  it  is  rendered  supple  by  being  worked  on  the  jack 
and  pin. 

The  silk  dyers  keep  a  black  vat,  and  its  very  complex  composition  varies  in  different 
dye-houses.  These  vats  are  commonly  established  for  many  years ;  and  when  their 
black  dye  is  exhausted  it  is  renovated  by  what  is  called  in  France  a  brevet.  When 
the  deposit  which  has  accumulated  in  it  is  too  great,  it  is  taken  out,  so  that  at  the  end 
of _  a  certain  time  nothing  remains  of  the  several  ingredients  which  composed  the 
primitive  bath,  but  which  are  not  employed  in  the  brevet. 

For  the  dyeing  of  raw  silk  black,  it  is  "galled"  cold,  with  the  bath  of  galls 
which  has  already  served  for  the  black  of  boiled  silk.  For  this  purpose,  silk,  in  its 
native  yellow  colour,  is  made  choice  of  It  should  be  remarked,  that  when  it' is  de- 
sired to  preserve  a  portion  of  the  gum  of  the  silk,  which  is  afterwards  made  flexible, 
the  galling  is  given  with  the  hot  bath  of  gall-nuts  in  the  ordinary  manner.  But  here, 
where  the  whole  gum  of  the  silk,  and  its  concomitant  elasticity,  are  to  be  preserved^ 
the  galling  is  made  cold.  If  the  infusion  of  galls  be  weak,  the  silk  is  left  in  it  for 
several  days. 

Silk  thus  prepared  and  washed  takes  very  easily  the  black  dye,  and  the  rinsing 
m  a  httle  water,  to  which  sulphate  of  iron  may  be  added,  is  sufficient  The 
dye  IS  made  cold;  but,  according  to  the  greater  or  less  strength  of  the  rinsings  it 
requires  more  or  less  time.  Occasionally  three  or  four  days  are  necessary  ■  after 
which  It  IS  washed,  it  is  beetled  once  or  twice,  and  it  is  then  dried  without  wrino-ine- 
to  avoid  softening.  °  °' 

Any  of  these  processes  will  produce  a  black  without  the  goods  being  previously 
dyed  blue,  but  generally  when  such  common  blacks,  as  they  are  technically  termed 
are  dyed,  more  of  the  dye  drugs  are  required,  and  also  a  little  modification  in  the  opera- 
tions. Sometimes  they  are  "bottomed"  or  "rooted,"  by  first  working  them  in  a  decoc- 
tion of  walnut-husks,  and  then  dyed  as  above  ;  — or,  a  good  black  may  be  dyed 
Tf  ,  qno  f  y  P^'^^i"^  '•ooting,  by  working  1  cwt.  of  the  stuff,  for  an  hour,  at  a  heat 
ot  190  ,  in  6  lbs.  of  camwood  :  6  lbs.  of  copperas  are  then  added,  and  the  stuff  worked 
tor  another  hour;  the  fire  is  then  withdrawn  from  the  boiler,  and  the  stuff  allowed  to 
remain  m  the  liquor  for  10  or  12  hours.  It  is  washed  from  this,  and  workeTin  a 
second  bath  with  60  lbs.  of  logwood  for  an  hour  and  a  half,  then  add  3  lbs  of  coD- 
peras,  and  after  another  hour's  working,  it  is  washed  ^ 

Bichromate  of  potash  is  also  used  for  dying  blacks  upon  wool.  A  very  good  colour 
may  be  dyed  direct  by  working,  for  2  hours,  1  cwt.  of  the  stuff  in  a  solution^of  5  lb  of 
bichromate,  4  lbs.  of  alum,  and  3  lbs.  of  fustic,  then  exposing  it  for  an  hour  and  iashinff 
well  I  IS  again  wrought  for  2  hours  in  a  second  bath,  made  up  with  45  lbs  of  o/ 
wood,  3  lbs  of  barwood  or  camwood,  and  3  lbs.  of  fustic  ;  then  adding  3  lbs  of  lot 

bkck  tMnlat  ""Tu' T'^^'^^'  '"^^         fi^^^^^d-  ^         eh  aptr  blu'e 

black  than  that  produced  by  previously  dyeing  the  stuff  in  the  indigo  vat  is  obtainel 
by  using  a  Prussian  blue,  then  proceeding  as  directed  above. 

tifSrlf  be  more  quickly  dyed  by  shaking  it  round  the  rods  in  the  cold  bath 

Slchtis^Sdrd^dH^^^^^  manipulations  several  times,  S 

Macquer  describes  a  more  simple  process  for  the  black  by  which  velvet  is  dved  at 

T^-r-  s  £ -ri  rsrf jsjr 

hogsheads,  gas  taken  as  mu  h  of  h  as  s  necessary     If  o'.  tf '  ^""'"^"^ 
gum  is  dissolved,  from  1  to  4  lbs.  more  marbe  Sd     Th      ^  contrary,  the  whole 
«u.pcnded  in  the  boiler,  from  ^^^^^^^Ly'^^:^^-^^^ 
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and  afterwards  it  is  replaced.  During  all  these  operations  the  boiler  must  be  kept 
hot,  but  without  boiling.  The  galling  of  the  silk  is  performed  with  one-third  of 
Aleppo  galls.  The  silk  is  left  in  it  for  six  hours  the  first  time,  then  for  twelve  hours. 
The  rest,  secundum  artem. 

Lewis  states  that  he  has  repeated  this  process  in  the  small  way  ;  and  that,  by  adding 
sulphate  of  iron  progressively,  and  repeating  the  immersion  of  the  silk  a  great  number 
of  times,  he  eventually  obtained  a  fine  black. 

Astringents  differ  from  one  another  as  to  the  quantity  of  the  principle  which  enters 
into  combination  with  the  oxide  of  iron.  Hence,  the  proportion  of  the  sulphate,  or 
of  any  other  salt  of  iron,  and  that  of  the  astringents,  should  vary  according  to  the 
astringents  made  use  of,  and  according  to  their  respective  quantities.  Gall-nut  is  the 
substance  which  contains  most  of  the  astringent  principle ;  sumach,  which  seems 
second  to  it  in  this  respect,  throws  down  (decomposes),  however,  only  half  as  much 
sulphate  of  iron.  ,      ,  •  , 

The  most  suitable  proportion  of  sulphate  of  iron  appears  to  be  that  which  corresponds 
to  the  quantity  of  the  astringent  matter,  so  that  the  whole  iron  precipitable  by  the 
a'^trino-ent  may  he  thrown  down,  and  the  whole  astringent  principle  may  be  taken  up  m 
combination  with  the  iron.  As  it  is  not  possible,  however,  to  arrive  at  such  precision, 
it  is  better  that  the  sulphate  of  iron  should  predominate,  because  the  astringent,  when 
in  excess,  counteracts  the  precipitation  of  the  black  colouring  particles,  and  has  the 
property  of  even  dissolving  them.  v  v  -i  j  vi. 

This  action  of  the  astringent  is  such  that,  if  a  pattern  of  black  cloth  he  boiled  with 
call-nuts,  it  is  reducible  to  grey.  An  observation  of  Lewis  may  thence  be  explained. 
If  cloth  be  turned  several  times  through  the  colouring  bath,  after  it  has  taken  a  good 
black  colour,  instead  of  obtaining  more  body,  it  is  weakened,  and  becomes  Dro'«'°ish. 
Too  considerable  a  quantity  of  the  ingredients  produces  the  same  efi'ect ;  to  which  the 
sulphuric  acid,  set  at  liberty  by  the  precipitation  of  the  oxide  of  iron,  contributes. 

It  is  merelv  the  highly  oxidised  sulphate  which  is  decomposed  by  the  astringent; 
.vhenceit  appears  that  the  sulphate  will  produce  a  different  effect  according  to  its 
state  of  oxidisement,  and  call  for  other  proportions.  Some  advise,  therefore,  to  follow 
the  method  of  Proust,  employing  it  in  the  oxidised  state  ;  but  m  this  case  it  is  only  par- 
ii^illy  decomposed,  and  another  part  is  brought,  by  the  action  of  the  astrmgent,  into 

the  lower  degree  of  oxidisement.  _  ,     ,     x    j?  •      i  „ 

The  particles  precipitated  by  the  mixture  of  an  astrmgent  and  sulphate  of  iron  have 
not  at  fiist  a  deep  colour  ;  hut  they  pass  to  a  black  by  contact  of  air  while  they  are 

fifack  dve  is  only  a  very  condensed  colour,  and  it  assumes  more  intensity  from 
the  mixture  of  <Ufi-erent  colours  likewise  deep.  It  is  for  th  s  reason  advantageous 
lo  uni^te  several  astringents,  each  combination  of  which  produces  a  different  shade. 
Burb  ue  appears  the  colour  most  conducive  to  this  effect,  and  it  corrects  the 
tendency  TIL,  which  is  remarked  in  the  black  produced  on  stuffs  by  the  other 

OnS'property  is  founded  the  practice  of  giving  a  blue  ground  to  bkck  cloths 

varieties  of  dyeing  demand.    colouring  substances  ;  but  its  physical 

Wool  has  a  great  tendency  to  combine  with  colounng  s  ^^.^    mature.  The 

nature  requires  its  comb  nations  to  be  made  in  genei  al  ^   a   'g  ^ 
combination  of  the  ^ack  molecu  es         J^^^'^f"^^^^^^^  subdividing  it,  it  is 

K°5:^r'^:L?^:^'i^ftl^~  the  smpha.  and 

P-^cles.    It  seems  to  be 
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assisted  by  the  agency  of  the  tannin,  with  which  it  is  previously  impregnated,  espe- 
cially after  it  has  been  scoured.  Nevertheless,  the  tannin  is  not  essential  to  the  pro- 
duction of  good  black  upon  silk,  where  weight  is  not  required.  A  very  deep  black 
may  be  obtained  upon  100  lbs.  of  silk,  by  working  it  for  two  hours  in  a  solution  of 
20  lbs.  of  copperas  and  3  pints  of  nitrate  of  iron.  Wash  from  this  thoroughly,  and 
then  wash  for  two  hours  more  in  a  decoction  of  100  lbs.  of  logwood  and  20  lbs.  of 
fustic.  Lift  up,  and  add  to  the  bath  a  solution  of  3  lbs.  of  copperas,  and  work  half  an 
hour  longer,  and  wash.  A  beautiful  rich  blue  black  is  produced  by  dyeing  the  silk  a 
deep  royal  blue,  then  worldng  for  an  hour  in  a  solution  of  copperas  (2  ounces  to  the 
pound  of  sdk),  washmg  from  this,  and  working  in  a  bath  of  logwood,  using  half  a 
pound  to  each  pound  of  silk,  and  adding,  after  an  hours  working,  a  few  ounces  of 
copperas;  workmg  half  an  hour  longer,  and  finishino- 

Wn^H"°>i!''",°°  ""^"/'^  1°''  ^^^.''^  ^^'l  '^^^  ^"^'lys  to  be  impregnated  or  com- 
bined with  astringent  substances,  in  order  to  produce  the  dye.    A  good  deep  black 

sl.l  T:Zr  °n  ^'^^P'°^ i°  ^  decoctio^n  of  lo^lbs  of 

sumach,  at  a  boiling  heat,  and  aUowing  it  to  stand  till  perfectly  cold;  then  passing  it 
ooTh?  „f    '  ™,°>^diately  after  this,  working  for  an  hou  in  a  solution  of 

20  lbs.  of  copperas.  After  this,  expose  for  an  hour  to  the  air;  then  pass  through  Le 
water  again,  and  wash  and  work  for  an  hour  in  a  bath  of  30  lbs  of  logwood  and  10  Ibs^f 
fustic  ;  Wt,  and  add  2  lbs.  of  copperas,  and  work  30  minutes  longej  and  finSh 
Tf      M^''^"  ''.^^'^  '°  '^^.'^"^^  ^^y-  I'eing  previously  dyed  blue  bV  the  vat 

SacI' F&x'V ^  °'  ''''       ^'"^  ^^^'gi^^'^  -ill  ^«  sufficient.-YN: 

are  to  be  now  added  in  small  successive  auanriti«  17^       12  lbs.  of  sulphuric  acid 
S:^n  J^«raS~^F"  ^^^^ 

s^^hXXL£--:^^~ 

ruiberoSlTvory  bTack  totSs  IT'.uT"  ^"T'I  1"-*"^  -^ia- 

■  12  lbs.  of  ;inegJr.    Th'es^tTedionK^      arabic,  the  latter  being  dissolved  in  only 
in  a  mill  till  tliey  form  a  pe?S  ll^h  pal^^^  ^^-^-^  '^SethZ 

acid  are  to  be  added  in  small  qStL^  at  a  tSe  wJh  ^n"  ^T^  ''^P'»'»"° 
be  continued  for  half  an  hour  afte,  thp  tcf  }  Powerful  stirring,  which  is  to 

This  paste  will  be  found  fit  fort'e  ifabS  ZZVys  '^^^^ 
^^t^'^Ci;^^  tXir^^r^     .ade  Of  .  lbs.  of 

that  acquire  a  gloss  by  frictbn,  S  as'^s"^^^^^^^^  ''Y'''  ^"^^'^'"^^^ 

the  bone  black  with  sperm  oil'  sna-,r  ^,1^   i  •  ,^  method  is  to  mix 

stirred  in,  and  strong  s^ulj Cic  kd^^^^^^^^^  -  then  well 

rnie  and  acid  phosphate  of  lime,  which  is  Sle  -^'n  T      ■''^  '"'P'^^'t^  °f 

these  mgredients,  which  can  be  smooth  sDread   thVnM  P^^te  is  formed  by 

pliable.    This  forms  a  liquid  blackbg   Se'h  n^t°  '°  ^^""^^"^  leather 

Germany,  according  to  Liebig  bkcl  W  f  1  backing  contains  less  vinegar.  In 
weight  of  molasses,  and  o^e-efghth         Z  ■  '"^'^^S'  ^^""^  ^aek  with  ha  f  ts 

of  its  weight  of  strong  su^rt  aeid  mirinf  wi?^  ^^^f  acid,  and  one-fourth 

.  BLACK  JACK:'Vkt'^S  name  fo^'htrT'  ^^1,"^  ^^'O^^^- 
zmc.    See  Zinc.  "''"^^  ^""^  '''ende,  or  the  sulphide  (sulphurate  of 

BLACK-LEAD  PENCIIS    <5    b         ,  V  uipnuret}  of 

BLACK  LEAD    Th^  Pt^i^ciL  Manufactdre, 


gj^g  BLEACHING. 

T^T  A-DDFR     ( Vessie  Vr.;  Blase,  Germ.)    A  bag  or  sack  in  animals,  which 
BLADDI1.K.    {  V*^';*      ■ '  p  secreted  fluid.    Bladders  are  chiefly  employed  for 
serves  as  the  recep  ac^e  ot  some  ^^^rctcd^^  ^^.^^  ^^^^.^^^ 

securmg  jars,  Dottles,  ivc.   lu  aaq  rqi  Bi  adders 

*^''o^°n^'r^wmrTi/ancto.eTFr.;  Bleichen,  Germ.)  is  the  process  by  which  the 
BLEACHING  C'«'«"c"e»ienr,  r  i . ,  „nd  the  cloths  made  of  them,  as  well  as 

textile  filaments  cotton,  flax,  hemp  wo^^^^  ^ 

various  vegetable  and  ^^^IF^^^}  '^^^^''^IJ'l^^^^  comes  from  the  French 

rendered  nearly        together  wh:  e     f  he  tet^  bleac     g  ^^^^^ 

:h?wSirofuv\^?^^^^^^^ 

they  were  all  practised,  tb«'-!,,°^^\^/4° wti  e  and  clean,"  and  in  Greek 
attained.    We  read  m  the  ^'^^'f"?]!'^^,^^^^^^^  towels  wei^e  made,  as  well 

authors,  of  "  raw  Imen,"  translated   unbleached    ot  wa  c  ^^^^  ^ 

as  of  "  shining  fine  Imen,"  or  m'^slm,  for  th^^^^  '  oTso  comrou  as  with  us,  nor  could  it 

distinction.*    The  pure  white       ^^^^^^,"^^1^^^°^^       rapid  modern  process 
possibly  be,  as  it  was  not  so  common  amo^^^^^^^^ 

of  bleachmg  was  discovered.  ^P'^^^/'^"^;;  7^^^  'ancients  credit,  as  we  know  they  were 
good  colours,  for  which  we  are  ^"'^^^V^r^eTot  therefore,  to  be  suspected  of  being  unable 
acquainted  with  them  as  P'S^i^its,  and  are  not  tt^^^^^  ^  theirwords  for  white 

to  distinguish  good  from  bad  when  -^^^^^^^^  that  they  had  the  power  of 

and  for  colour  are  P^am  enough  in  genera^,  we^^^ 

obtaining  both  fine  ^'^'l' ^^^^^f^^^f^S  and  coloured.  The  Babylonians  wore 
in  various  ways,  as  now     Lancashire,  wn       ^.  ^^^g    of  bleaching  was  inevitable, 

^hitecloaks.t  By*^''^°^^*°t°'Tn^^^^^^^ 

the  cloth  being  washed  several  times  and  dri^^^  ^^^^^^  ^ 

of  an  accident  only ;  the  word  '^''J^        the  chief  method,  as  it  is  now,  of 

Observed  and  classified,  and  this  is  s  ate^  o  have  been  ^^^^^^^^ 
bleaching  wax.  Egypt  fnd  the  East  se^  to  i^ve  ^^^^  ^.^^  andalkalis  were  used 

Egypt  were  obtained  alkalis       sof  mixea  -^"^  soap-plants,  m  al  pro- 

in  the  process.  Potash,  to  Icide  on  one  The  Saponaria  ojfictnahs, 

babilitv  of  various  kinds,  as  it  is  not  ^a^y  to  decide  ra^^^  ^  maculatim;  the  Gyp- 
Lap- wort,  is  still  used,  and  .t^-  -k-i-^bm  ^  rbeThranfient  one,  and  is .  still  called 
sophila  Struthium  was  f  ^^^'^'^^/^^^S^.^^.^^pose  thattW  was  first  incinerated,  as 

/anaria  in  Italy.  Nor  do  we  reqmre  to  s^PPOse  t  ^P  Vegetable  decoc- 

has  been  supposed,  m  the  case  of  Bonth,  tbe  tuue         p^^^  ^^^^       .  ^  ^ 

tions  are  stiU  used  m  Chma  t?  ^e^^f  '  ^  little  used.    The  Latm  method  of 

Datented  within  a  few  years  in  England,  ai  noug  ^^^^^^^  ^^^^  f 

SaSg  white  cloth  is  very  well  preserved  and  as  tey  g  ^^^^^  ^^^^  ^ 

Eevpt  it  is  probable  that  they  got  also         P^°^^i''j^;o^n  before  the  existence  of  any 

^XSg  tSs  fluS  I  "  old  lant/' as  it  'S  f  ^.^^^  S\,at  the  fullers  migM 

coliecinig         Yorkshire.  A  tax  was  laid  on  ix  uy    ^  i,,i„v,„rpd  if  it  was  intended  to 

SrW^ccording^^^^^^^^^^^^ 

^ell  as  domestic  laundryman^  lie  .^.^^  ^^^3,  ^='^'^S^^:f  For  colon  ed  cloth, 
deal  with.    For  the  first  h^  -is"^  ,3  easily  changed  (««-<;«''>'-^^>^  Sters'  earth  seems 


.  Philoxenus  i"^^^ZTimiM^Vicl.,  Lardner'8  Cjcloptcdla. 
$  Pompeii  drawings,  sec  bmun 
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softened  fine  colours  and  gave  lustre  to  those  that  were  faded  in  sulphuring.  This 
shows  that  they  used  sulphur  in  washing,  and  not  merely  in  preparing  for  the  bleach- 
ing process.*  They  then  gave  a  finish  of  very  fine  clay,  gypsum  being  used  instead 
of  clay  in  Greece,  as  amongst  ourselves.  If  a  nap  was  wanted,  it  was  raised  after 
sulphuring,  by  brushing,  by  carding,  by  the  skin  of  a  hedgehog,  or  by  thistles  and 
teasels.  They  seem  to  have  got  a  fine  nap  on  tlieir  woollen  cloth,  as  garments  of  this 
kind  once  washed  were  considered  less  valuable,  as  would  be  the  case  with  our  broadcloth 
for  outer  dresses.  Wool  for  under  dresses  could  not  have  been  injured  by  one  washing, 
especially  as  the  fullones  seem  in  old  Italy  to  have  been  more  attentive  than  our  washer- 
women, and  to  have  formed  a  college,  or  at  least  a  guild.  The  washing  was  seldom  done 
at  home,  except  in  large  establishments,  especially  in  the  country.  Whiteness  was 
very  inuch  esteemed,  and  great  pains  taken  to  obtain  it.  Coloured  cloth  seems  a  later 
invention.  This  love  of  whiteness  was  so  great,  that  those  who  were  too  poor  to  have 
their  cloths  fulled,  rubbed  them  with  a  white  fullers'  earth,  so  as  on  holidays  to  appear 
clean  and  bright. 

Clothes  in  ancient  times  required  a  good  deal  of  washing,  so  much  oil  being  used  ; 
alkalis  alone  could  remove  this,  and  people  that  used  soft  feather-beds,  and  pillows 
that  sank  under  the  weight  of  the  head,  would  not  be  behind  in  having  them  also 
whitened.  In  India  the  mode  was  different  from  that  used  in  the  western  world. 
The  preparation  for  printing  was  a  series  of  washings,  beatings,  and  exposure  to  the 
sun,  as  well  as  wearing  next  the  skin,  and  steeping  in  goats'  and  sheep's  dung 
Wearing  next  the  skin  was  probably  instead  of  the  oiling  process  in  Turkey  red' 
Bleaching  with  boiled  rice  water  was  practised  in  India.  In  Jamaica  the  aloe  was 
used,  and  in  China  a  bean  is  employed:  this  is  smaller  than  the  Turkey  bean  •  five 
parts  are  used  to  five  of  salt,  six  of  flour,  and  twenty-five  of  water :  this  is  for  raw 
silk.  The  exact  action  of  the  vegetable  method  on  the  colouring  matter  is  not  well 
known  ;  but  it  must  not  be  ignored.  The  decompositions  of  fermentation  and  putre- 
faction have  a  great  power  of  propagating  themselves ;  we  can,  in  fact,  readUv 
conceive  the  decomposition  of  gums  by  such  means,  provided  they  are  not  resinous 
matters,  consistmg  chiefly  of  carbon  and  hydrogen.  Mucilaginous  plants  are  even 
nowm  some  places  used,  and  have  been  recommended  also  in  the  most  modern  times  + 
It  IS,  therefore,  not  easy  to  see  why  so  much  difliculty  has  been  raised  amonsst 
chemical  historians  as  to  the  use  of  plants  in  washing  and  bleaching.  Vegetable  dFo  - 
ducts  such  as  oatmeal,  &c.,  have  powerful  detergent  qualities,  and  leave  the  skL 
exceedingly  soft.  In  general  we  may  conclude  that  these  vegetable  Tnfusions  and 
a  kahs  were  the  means  of  bleaching  in  ancient  times,  the  influence  of  t£  sun  beb^ 
also  employed.  At  present,  alkalis  are  more  generaUy  used.  Washing  wkh  alkali  if 
really  the  mos  important  part  of  the  process.  The""  soaps  of  the^cients  were  lo 
^^getable  or  alkahne,  or  both;  they  were  a  cmim,  but  not  a  true  soap,  ?n  glnerala" 
least.— Pau/us  Mgineta,  Notes  by  Adams.  general  at 

^rSp?nf  w"  ^'T^  °°  improvements  of  great  importance  took  place  affecting  the 
principles  of  bleachmg;  and  even  now  the  only  modern  chane-es  consist  in  Ti!!  -  . 

attempt  to  vie  with  Holland  was  made  in  Scotland  in  1749 

We  find  m  the  patent  lists  many  crude  efi^orts  made  to'imnrove  thp  nrf     Ait  r 
and  acids  are  recommended  in  various  form<!  nn/cnni,  „       •  .     I    ,  "  -Alkalis 
tartar,  saltpetre,  sal  ammoniac?  2rl  loam  cl'at  mud  .hn,7"f'?I  ^"^l^^^'^s 

,Sl  t:iS.  :  w^SrTb^t  fi^evTenrt'mr  T  ^  f^^^"^^  (^'^-i- 
hut  very  pure  fresh  water  wh  ch  was  used  ^he  -iescript.on,  that  it  was  not  sea, 

"  When  a  piece  of  linen  i  tTbe  bllached  h  JtfZ%  .^T'''  described:^ 
or  lye,  whire  other  cloth  harbeeTtroi  afte^J^^^  " 
poured  upon  it  boiling  hot.  Thiris  boiW  in  T  ' ^^"^  '°  ^  '^'^'^  of  ashes 
poured  u^on  the  cloth  til  itisasdeaJ  a  tine  "Th.T^'"  ff""^'  ^"^  is  never 
lye  after  which  it  is  washed  and  pre  sed  in  7h  manner  ^""^^ 
of  butter-milk  into  wooden  vessels  fixed  in  theTround'^J  ^r^'P'r  ^"""^^^ 
of  Imen,  which  three  men  tread  witrtheV  fref  n  '  i  ^°  *ey  throw  in  a  piece 
they  pour  in  more  butter-milk  \Zl  ihl       1    ^  possible.  Afterwards 

alternately  till  the  ves^ra^e  nearly  fi  le'wrn'^^^^  Proceedinrthu 

or^even  days  after  they  take        ^  ^^1^^:^::^%^^  ^^^^ 

.    "  Nat.  Hist.  XXXV.,  57,  (cc.  vriuie 

+  See  Giobert'a  process. 
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enouP-b  thev  steep  It  as  we  have  described  above.  Afterwards  it  is  washed  and  spread 
ouruD^rthe  Ground  to  bleach.  It  must  be  remarked  that  after  every  d.ppmg  the 
SthTwashed^rsrwTth  black  soap,  then  with  clear  water,  and  after  each  of  these 
ODeratiorTis  wrung  by  means  of  a  machine  that  turns  by  means  of  a  wheel, 
operations  U  IS  wru  g^j^  are  cut  with  canals  in  some  places,  that  there  may  be  no 
i^ouble  of  fetching  water  from  a  distance.  The  cloth  is  watered  with  long  narrow 
i  Z  ?LX  in  Shane  of  a  scythe.  The  water  of  these  canals  comes  from  the  dams, 
tM^tVM  cl^^L  most  to  the  lustre  of  the  Dutch  cloth  To  prevent 
the  water  from  becoming  thick  and  muddy,  they  are  extremely  careful  m  cleamng 
Sese  clnals  The  washing  tubs  are  built  with  bricks,  with  two  trap-doors  or  sluices 
£r  admSg  or  excluding  the  water  according  as  it  is  necessary."  -  Select  E.says, 

^""The  chilf 'advantage  here  consists  in  the  facility  of  obtaining  soap,  which  in 
.nc^ent  times  las  eUher  scarce  or  badly  made.  This  improvement  began  to  be  more 
rd  morr^sed  from  the  time  of  its  earliest  introduction.  Modern  times  have  begun 
to  exdudeTtTo  a  great  extent  again,  finding  it  so  much  cheaper  to  work  with  the 

^f^::^T^^'&£Si:p^s  of  opera^on^^on^tg  o,^^ 
Sr^^Lrinl^llSe^?^,^^^-^^ 

souring  could  now  be  done  in  a  ^-^y,^'""' "  ;.-  „       putrefaction.    Great  fear  was 

that  chlorine  had  the  power    /^fJXf e tf  So^  aT^^^  Copeland  of 

was  brought  to  this  country  by        Duke  ot  uora^ 

Aberdeen  who  then  gave       process  to  be  ca  m^^^^^^^  theoretical  portion  is 

Gordon,  Barron,  and  Co.,  ot  that  place.  .      .  secondly,  to  BerthoUet,  who 

due,  first,  to  Scheele  who  discovered  the  chlonne    am^^^  y, 

discovered  the  peculiar  property.  .J^^^^J'^J'^irg  series  of  expensive  trials  and 

part  which  we  claim;  ^^^f^e  V-^^^  '^'^''"^^ 

ingenious  contrivances,  that  ^^jf^X^eXn  was  at  first  applied  only  to  cotton 

modern  bleaching  with  the  mode  ^^o^ted  for  that  m^^^^^  ^.^^  BerthoUet,  and 

James  Watt  at  the  date  S^J''^^^^ZZ^'^}ZTJ°^Tt  the  bleach-field  of  Macgregor, 
did  not  rest  until  he  had  made  the  P;°^^^!,f  ^^'Xlicated  to  a  meeting  of  manufac- 
near  Glasgow,  requesting  the  I^'^^^'^^^LlT^^  was  Watt  to  see  what  would  be 
turers  to  be  called  together     Manchester ,    so  q  ^  ^ 

for  the  permanent  interest  of  a  country  and      ^eady  ^ 

xnuch  to  make  it  known  to^the  manuto^^  manufacturers  for 

early  instances  of  scientific  men  b^^^^^^ 

assistance-anapplicatwn  seldom  made  u^^^^^^  B  other  matters  mentioned,  are 

The  principal  ^eachmg  agents.  ^^^J  ,      ^iv  and  light.    These,  are  de- 

chlorine,  sulphurous  acid,  and  tJ«J;°^;'^;^o^ing  colours  which  do  not  require  to  be 
stroyers  of  colour.  The  chief  agents  f^^^^JY^^.^^^  ,^o,,„t  of  the  colouring  mate- 
previously  decomposed,  are  fl^.^^^^^^^^Xnrwith  alkalis:  thclast  tint  of  >vh.teness 

IttTer^btbrthi:^^^^^^^^^^^^  ^^^^^'-^  '"^ 

-i^s,?s:?^.ofG..ow^^^ 

ferred  above  all  other  compounds  o       P'^'^^^^tf.ely  agreed  upon,  but  there  can  be 

*'The  true  theory  of  ^'^f'^'^S  ^""^^Ts  know^  d^I'""?r"'anS 
little  doubt  of  the  principal  operations      t^s  nitric  acid,. manganic 

of  colour-,  this  maybe  P'^^'V'.'^^i  ^^l\o^^er  oxides  which  hold  their  ox^j^en 
and  chromic  acids,  chlorous  acid,  and  ^^^n  lo  ^^^^^^^  ,l,,orine, 

lightly,  as  hvpochlorous  acid.    The  same 
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bromine,  and  iodine.    It  has  been  said  that  chlorine  unites  with  the  hydrogen  of  the 
water  which  is  present,  gives  oflF  oxygen,  and  so  acts  just  as  oxygen  would.  Davy 
found  that  it  would  not  act  in  dry  air,  so  that  water  was  needful :  but  Dr.  Wilson 
found  that  it  would  act,  although  slowly,  in  dry  air,  if  exposed  to  the  rays  of  the  sun 
This  might  show  that  water  is  not  necessary  in  order  to  supply  oxygen,  but  only  to 
allow  the  chlorine  to  be  brought  into  thorough  contact  with  the  colouring  matter.  It 
has  also  been  supposed  that  the  chlorine  removes  the  hydrogen,  or,  rather,  simply 
takes  its  place  by  an  act  of  substitution.    Now,  whether  the  chlorine  or  the  liberated 
oxygen  removes  the  hydrogen,  the  result  will  be  the  same  —  the  destruction  of  the 
compound.    Chlorine  so  readily  performs  these  changes,  that  we  should  at  once  decide 
on  callmg  it  the  active  agent,  were  it  not  for  the  fact  that  oxygen  acts  so  readily,  even 
when  chlorme  is  not  present :  for  example,  peroxide  of  hydrogen,  as  well  as  the  oxides 
just  mentioned,  and  ozone  also,  which  has  no  chlorine  to  help  it.    It  is,  then,  certain 
that  oxidation  bleaches ;  and  it  is  certain  that  dehydration  bleaches,  if  performed  by 
chlorine,  and  that  the  sun  aids  it  by  its  active  rays.    We  know  also  that  water  aids 
It :  water  aids  bleachmg  or  oxidation  by  air,  partly  because  it  contains  air  in  solution. 
It  aids  also  the  bleaching  performed  by  solutions  in  contact  with  porous  bodies, 
because  these  bodies  have  a  power  of  condensing  gases  in  their  pores  and  of  com- 
pelling combinations.    The  next  question  is,  Does  it  aid  the  bleaching  by  chlorine 
in  he  same  way,  by  assisting  the  union  mechanically,  or  by  decomposing  water? 
Chlorine  acts  slowly,  unless  water  be  present.    The  theory,  therefore,  does  not  demand 
the  decomposition  of  water,  and  the  known  powerful  affinities  of  chlorine  do  not 
require  to  be  supplemented  by  oxygen.    But,  in  order  to  see  exactly  the  state  of  the 
tffi  Tf^  ^"^^"""^  ^°  hypochlorites  or  in  chloride  of  lime,  and 

Chlorides     hIp  '  "f^T""-    7"'  P"-"^''^^^  °f  "^<^t«'«.  "Ot 

^'tl  M  •  ^  -f"?  *°  ^  ^"""S^^  dH-ectly  by  experiment,  that  bleaching  by 
hypochlorites  is  an  oxidation  of  the  colouring  matter.  Bleaching  by  moist  cWorine 
may  therefore  be  looked  on  as  the  same ;  indeed,  we  oxidise  by  it ;  but  In  such 
tZ'ZT^°^T  '^"^^  *™«  to  chlorine,  giving  another 

^.::£i^"='^ef  is~^te:^^^^  ^d^^^i; 

SrTaT  "t^fo:s''tri^^tT^  ean^scarcely  tTa^cTi"  f^y 

acts  as  an'oxidisin^g  7^ltXk  ^eTJ^ZHZ^!]^^^^^^^^^^ 
process.    Investigation  has  not  told  us  if  it  enters  ^to  comWrnaTso'  r^^ 
"^e' maWvY  "^^^T'/^'T^^"       '=""'P°-'i  by  fnserdn^^  tse  f  '  ' 

perIreYi?atar:^td?ffi;^^^  ^"^P^-o-  acid  are 

chlorine  or  an  oxacid  or,^n  Sr.^^^ron•sierr^^^  lerms' ''soedfio"  iT^^"^^  ''''' 
expected  to  occur  with  all  the  Z-^lT     !  \u  :    ^P.'^^'^^  differences  may  be 

Bleaching  of  Cotton 

^eSZ:'^:^:,^::'^^^  teaching  is  to  separate  from  the 

the  course  of  dyeing  or  printin/mav  Trn^n^f  •    •  whiteness,  or  which,  in 

substances  present  in  cotfo?iots,  an7to  S^tr^^^^^^^^^  <=°l°«r-  ' 

a.  The  resinous  matter  na^ral  to  tL  filaments  = 
/n,    colouring  matter  of  the  plant. 

c.  1  he  paste  of  the  weaver. 

d.  A  fatty  matter. 

e.  A  cupreous  soap. 

/■  A  calcareous  soap.  '  ' ' 

</■  The  filth  of  the  hands 

J-s^oninX^irr'^'^'^^-'- 
,  i  ri:  s^etv^er  "^"^^ 

Vol..  I. 


The 


322  BLEACHING. 

A  ,^;tl,  -i  resinous  matter,  \rhich  obstructs  its  absorption  of 
a.  Cotton  IS  covered  w   i      ^^/^^^^^"'.^"i^in  '  colour,  and  it  is  known  that  if  this 
moisture.    Th>s  alone  f  ^^XVLlou  I  could  be  dyed  without  any  bleaching, 
could  be  removed,  ^P'^^^  °  ..'^^/^^^^^^^^^^  absent,  although  the 

providing  also  the  ^^^^.^^'^^f    this  manner  on  cotton  in  general.    M  Bolly. 

finest  colours  could  not  oe  prou  ^^^^  substances 

however,  has  P^oP^^^Vthe  cottl  aS^^^^^^  capable  of  absorbing  colour  or  solu- 
which  are  absorbed  ^y^^^^"^^^^^  has  not  been  thoroughly  exammed. 

tions.  The  ^'^l'''^^ IndTtheSnd^some  of  it  in  turpentine :  it  is  there- 
It  is  found  to  be  soluble  m  ^^l^^^^^ii  f.^Yodv  It  is  dissolved  by  alkalis,  and  thrown 
fore  called  Y-^-^rsX^^^^^^^  sobZn  leaves'thin  yellowish  scales, 

down  by  acids  in  strong  .so'i"        J-    .         ,      j  information  concerning 

w'ng  altered  b,  the  aelion  oi  f'°'''f-Zil^'tT,  .S It  be  preriou.ly  .e.ed 
even  e.paMeof  being  We»Ae4. »  >' l^f ' '"  ^'^^^^^  ,hau  Iben.  The 

oa  by  alkali..    Tb.  «»»»'  »'«»'« J'  »  „igb.  be  dispensed 

mass,  and  the  total  loss     Jf^J*  ^'J.YehkflVof  farinaceous,  glutinous,  or  gelatinous 
c.  The  weaver's  dressmg  IS  composed  cmeny  ^^^^^^  ^^^^  ^  ^ 

substances,  starch,  flour,  or  size  Thej^^Xunl  solutions,  including  lime.  When 
using.    They  are  aU  dissolved  by  water  or  ^^^^^^^  ^^.^  warp-threads 

the  dressing  gets  dry,  the  °' ease  upon  them.    Hence  it  happens 

more  pliant  by  rubbing  some  f  ^^P^^^.^L^  f^eed  from  this  fatty  matter  wiU  not 
Aat  the  cloth  which  has  not  been  00^^^^^^^^^  the  s.bse- 

readily  imbibe  water  in  tbe  diffeient  ^l^^  P  ,i,cumstances-somewhat  like 
ouent  processes,  these  greasy  spots  "f^"  P?)^  ^  iron  mordants,  as  well  as  the 
Cr^phicstones-stronglyaura^^^^^^^^^  The  acids 

dyestuffs,  and  occasion  '^^l^' Z^  tl  liTh^ce  remarkable  anomalies  m  bleachmg 
act  differently  upon  the  fatty  afters,  and  thence  ^^.^^ 
uke  place.    When  oil  is  ^'^^if^J'^^-T  .^^^^^^  but  it  puts 

el  lorine,  it  evolves  no  gas,  they  cannot  be  dissolved  by  a  strong 

these  substances  into  a  condition  m  wmcn  v    j  ^^^^^^  ^^li 

louTng  lye  of  caustic  soda.    Carbonic  ac  d  is  sa  J  to  hav  ^^.^^ 

d  Both  cotton  and  Imen  contam  ^„  Ifl^^f^'^^om  the  mode  of  treating  the  warp, 
same  manner  as  the  resinous  Some  °f  ^'/^^"^'ifjr^^nts,  like  resinous  matter,  the 
wSch  is  occasionally  greased  for  ^Xh^^re  not  alklune  and  soap,  soda,  or  potash 
Thorough  saturation  by  so}'it^°'^«^;^'=^i^^e  mikes  an  insoluble  soap,  and  is 
mu  t  be  used  to  remove  it  by  ^ol-^  l.^^'^^^;^^.^  "^^  L  bee"  used,  the  Insoluble  soap 
fore  not  suited  to  the  opera  ion.    If,  ^^da,  which  forms  a  carbonate  of 

mit  be  removed  by  treatmg  ^ith  carbonate  '       -^-j^^  carbonate  of  lime  is 

S^l  andlaves  the  M  -  --^-^wev:    an^^^^^^  method;  and  themode  u.. 

Ih  tt'ln  the  cloth ;  ^^^lltte^T^^re    ^^^^         ^^1  """" 
t  SaTnetand  ttls^ixed  -th  ca'bo-  ^.^^^ 

.Oiled  --o..m..e.ea^^^^^ 
.4rtalkalineea.th.and^ 

i^7:S^^^  -  r  tetrnSc't^^viracetic.  carbonic. 

Sir?bl  time  upon  the  ^-J;  ".'^.ts'l^^^^^  verified  ^y -P^^^ied  with 

-rtt^«^eti^S^^ 
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and  it  probably  cannot,  by  any  means,  be  removed  from  printed  goods  without  spoiling 
the  colours. 

i.  In  all  these  operations  it  is  needful  to  consider  the  most  important  substance  of 
all — the  fibre.   Each  of  the  operations  may  weaken  or  destroy  it,  if  managed  unwisely. 
Caustic  lime  may  be  allowed  to  act  for  a  long  time  on  cloth  without  any  injury,  but 
if  allowed  to  act  on  it  with  free  access  of  air,  it  destroys  it  in  a  few  hours.  Neither 
can  cloth  stand  the  action  of  alkalis  of  any  kind  very  long :  if  very  strong,  they 
rapidly  destroy  it.    The  same  thing  may,  in  a  still  stronger  sense,  be  said  of  acids  ; 
and  chloride  of  lime  or  bleaching  powder  acts  in  the  same  direction.   Linen,  although 
mechanically  much  stronger  than  cotton,  has  not  an  equal  chemical  resistance  to  de- 
composition.   It  has  not,  therefore,  been  possible  to  use  chloride  of  lime  so  as  entirely 
to  complete  the  process  of  bleaching  linen,  but  only  to  hasten  it,  the  completion  being 
still  nearly  m  all  cases  made  by  crofting.  The  bleacher  has  found  out  these  things  by 
expensive  experience,  and  every  day  shows  the  importance  of  guarding  against  the 
excessive  action  of  any  one  of  the  bleaching  agents.    Goods  are  continually  suffering 
from  the  desire  of  speed  on  the  part  of  the  trade,  and  especially  of  the  buyer  •  nor  5 
It  easy  to  find  them  absolutely  uninjured  by  the  process  of  bleaching  although  it 
seems  possible  to  conduct  the  process  so  that  no  weakening  will  ensue     The  pre- 
cautions taken  are  such  as  cause  the  processes  to  appear  very  long  and  tedious  The 
boihng  with  hme  is  continued  as  long  as  it  is  safe  ;  the  cloth  is  then  at  once  washed  and 
scoured,  so  as  to  remove  all  the  caustic  earth  from  the  fibre.    The  acid  is  not  allowed 
to  remain  ong,  but  is,  within  from  two  to  four  hours,  washed  out  by  machines  which 
cause  the  cloth  to  be  frequently  and  rapidly  saturated  with  water ;  and  when  one  of  these 
processes  is  not  enough,  it  is  found  better  to  return  to  it  again  than  completely  to  finish 
It  at  once,  to  the  danger  of  the  fibre  ,  in  the  same  way  as  workmen.^if  they  find  U 
needful  to  put  their  hands  into  hot  water,  do  it  rapidly  and  for  a  ^hort  time  but 
bnng  them  aut  to  cool  before  they  return  to  the  charge.   To  dry  the  goods  w  rti  ^ven 
a  very  smaU  amount  of  acid  would  infalliby  render  them  rotten."^  When  the  chlorine 
has  oxidised  or  otherwise  acted  on  the  colouring  matter,  so  as  to  render  it  soluWe^t 
IS  washed  out  with  alkalis;  but  the  whole  may  not  be  acted  on  by  the  f^  st  prole's 
and  a  second  may  be  needful.    Again,  as  to  crofting:  one  expLure  mav  not  be 
found  enough;  another  washing  and  another  crofting  Ire  then  needel,  and  a  third 
and  so  on,  according  to  the  method  employed  and  the  nature  of  the  materhd  used  ' 
The  souring  by  vegetable  substances  or  by  fermentation  may  also  in  ure  tbe  cloth 
not  by  the  amount  of  acid  existing  in  the  solution,  but  the  decompos  ^n  which  be 
comes  communicated  from  the  vegetable  matter  to  the  clnth        .  i 
and  rotten.    The  same  is  peculiarity  the  'casf  when  J^trSi  f  a^irfs' ^Uolld  t 
commence.    This  was  often  the  case  when  the  gluten  of  the  nas^P        1^     !  k 
fermentation.    It  has  been  said  that  the  action  of  carbont  and  acet'c  a  'id  th 
IS  a  great  objection  to  the  fermentation  process,  as  therrre  Sori  to  render  fl 
insoluble,  and  produce  an  indelible  mark.  ^       tnought  to  render  the  fat 

Experiments  undertaken  for  the  purpose  have  shown  that  the  sfrpno-th  „f  fi,. 
IS  not  unpaired  by  being  boiled  in  milk  of  lime  for  twrhours  at  thtorSnarv 
provided  It  is  not  exposed  at  the  same  time  tn  J^""'"^°'^?%o™iD'""y  pressure, 

practicaUy,  the  goods  are  .not  in  ured  by^'^Uing  wUh iTt^Z^T'''  '^V' 
strength  of  40  lbs  to  100  e-a lions     Tt  vfo.      "6  wiin  lime  tor  sixteen  hours  at  the 

specilc  gravitVof  i?3ol?S  iiur   h'em  l7eulZe'I7nt^Z  °^  '""^ 

to  the  square  inch,  or  immersion  for  eight  h^uL  k  cWoriT^^^^^^^ 

3  lbs.  to  100  gallons,  and  afterwards  in  sulpZL  ac  id  ofThe  lnp^fi 

or  eighteen  hours  at  the  specific  gravity  o/l035-  ^        ^'^^''^  °^ 

dark  spots.  The  alkali  probably  renders  them  soraT«n  ^'  'T.'"'°^  "P  ''^'•^^ 
with  liquids  if  not  altogither  actually  dissolved      '  '^"^  *°  ""'^  '^^^''^Y 

describing  the  operations,  they  seem  to  be  ve  y  numero.^   to  ^     °'  f 
require  to  be  repeated  gently,  instead  of  beinfLired  W  Anp  1  •  •"''P''''"'''^'  ^""^^ 
so  as  not  to  injure  the  fibre  •  anrl  snmo        ■  *  "7  one  decisive  operation 

quent  washing  needed  in  Vas^^ng  f  "n  oTe  oteTt7'''''°°^.^"^^'  ^•e- 

t.on  in  which  the  goods  are  boiled  does  not  contn  r,  1     V..  n""-    ^^'^  '^"^'il'ne  solu- 
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than  soda,  -which  it  -will  be  seen  is  only  employed  in  the  second  process,  and  the 
third,  if  there  he  one.    It  is  less  hurtful  to  the  cloth,  and  is  much  cheaper  than  the 

"^^rlie  chloride  of  lime  is  used  at  ^  Twaddle,  or  1002-5.  It  is  not  considered  so  im- 
portant now  as  formerly,  and  where  300  lbs.  were  formerly  employed,  30  to  40  are  now 
used  The  goods  are  made  nearly  white  by  the  alkalis.  The  chlorine  gives  only 
the  last  finish  and  is  sometimes  used  to  whiten  the  ground  on  coloured  goods.  The 
whole  process  may  be  expressed  thus  :— Wash  out  the  soluble  matter  ;  boil  with  lime 
to  dissolve  still  more,  and  to  make  a  fatty  compound  with  the  oily  matter ;  wash  out 
the  lime  by  acids  ;  wash  out  the  fat  with  a  soda  soap  ;  clear  the  white  by  chloride 

of  lime.  .  ,  .  •        1  ii. 

The  impurities  in  the  cloth  have  a  certain  power  of  retaining  colour  upon  them. 
Mud  and  dirt  as  well  as  grease,  gluten,  and  albuminous  matters,  have  this  property, 
and  fatty  soaps,  such  as  lime  compounds  of  fatty  acids.    The  pure  fibre,  however, 
has  no  power  of  taking  up  solutions  of  such  colouring  matter  as  madder.  When, 
therefore  it  is  desired  to  try  the  extent  to  which  cloth  has  been  bleached,  it  is  dyed 
or  boiled'up  with  madder  exactly  as  in  the  process  of  dyeing.    It  is  then  treated  with 
soap  as  the  madder-dyed  goods  are  treated,  and  if  it  comes  out  without  a  stain,  or 
nearly  pure  white,  the  goods  are  ready.    Dyers  or  calico-printers  who  dye  printed 
eoods  are  exceedingly  particular  as  to  the  bleaching,  the  dyeing  and  printing  having 
now  approached  to  such  exactness,  that  shades  invisible  to  any  eye  not  very  much 
experienced  are  sufiicient  to  diminish  in  a  material  degree  the  value  of  the  cloth 
Anv  inequality  from  irregularity  of  bleaching,  which  causes  a  similar  irregularity  of 
dvein-  is  destructive  to  the  character  of  the  goods.    Many  patterns,  too,  have  white 
grounds  ;  these  grounds  it  is  the  pride  of  a  printer  to  have  as  white  as  snow  If 
dZate  colours  are  to  be  printed,  they  will  be  deteriorated  if  the  ground  on  which 
thev  are  to  be  printed  is  not  perfectly  white.  ^  , 

The  stains  which  come  out  upon  maddered  goods  in  consequence  of  defective 
bleachin-  are  sometimes  called  spangs.    Their  origin  is  such  as  I  have  described 
above  as°  the  following  statements  of  facts  will  show.   The  weaver  of  calicoes  receives 
Sequent  y  a  fine  warp%o  tender,  from  bad  spinnmg,  or  bad  staple  m  the  cotton  that  it 
will  not  bear  the  ordinary  strain  of  the  heddles,  or  friction  of  the  shuttle  and  reed, 
Ind  he  is  obliged  to  throw  in  as  much  weft  as  will  compensate  for  the  weakness  or 
thinness  of  he  warp,  and  make  a  good  marketable  cloth.    He  of  course  tries  to  gain 
£  end  af  the  least  expense  of  timi  and  labour.    Hence,  when  his  paste  dressing  be- 
comes dry  and  stiff,  he  has  recom-se  to  such  greasy  lubricants  as  he  can  most  cheaply 
nrcure  which  are  commonly  either  tallow,  or  butter  m  a  rancid  state,  but  the  former 
Teing  the  lowest  priced,  is  preferred.  Accordingly,  the  weaver,  having  heated  a  lump 
of  iron  allies  it  to  a  piece  of  tallow  held  over  the  warp  m  the  loom,  and  causes  the 
1  ted  fat  to  drop  in  patches  upon  the  yarns,  which  he  afterwards  spreads  more  evenly 
bv  his  brush.    It  is  obvious,  however,  that  the  grease  must  be  very  irregular  y  applied 
?n  thfs  wav  and  be  particularly  thick  on  certain  spots.   This  irregularity  seldom  fails 
m  this  way,  ana  "^1""         J  bleached  or  dyed  by  the  common  routine  of  work. 

^^*^7j  Ai-.ihnrl.  .fill  in  use  —  As  a  specimen  of  the  older  processes,  we  shall  give  the 
,  iP^'^-nf  tdlinf  af terwards  a  minule  account  of  some  of  the  plans  adopted  by  he 
following,  add  ng  ^"""^f  .g^se  stains  do  not  exist,  as  happens  with  the 

n^ost      "f/"!  ^  required  to  be  finely  finished,  the  f-ol- 

better  kind  of  muslins,  or  '«nen  g  g  j   ^  t^r.  2.  Scouring  by  the 

1^^^Z^^^^^S:t:^r^Jr^  times,  ti!l  the  whole  of  the 
JoSin;  matter  i  removed.    6.  Souring^    ^^^.r,  dressing,  by  steeping  the 
Another  routine  has  been  i;,Vpv  nnd?hen  washing  it  at  the  stocks  or  dash-wheel, 
cloth  for  twelve  hours  l^^^^lJ^^S^t  s^^^^^  of       Soois,  but/or  a 

2.  Boilmg  '^^'^^^}"^:^'fjXeTt^o  short  operations  with  the  lime  with  inter- 
shorter  time  than  w  th  the  soda  lye  ,  iw  ^  duration.  3  and  4.  Two  conse- 
xnediate  washing,  being  Preferab  e  o  one      grea^^JJ'^  ^^^^  „    ,,1,  fo^  i  cwt. 

cutive  lyes  often  or  t^f  ^  fj^'  f gh  day^^  ov  the  application  of  chloride 

of  cloth.    5.  Exposure  to  the  air  for^>^    Jg       y  ,  Exposure  to  the  air  for 

of  lime  and  then  sulphuric  acid    6.  A  ye  oi  ca  Caustic-soda  lye  as  before. 

TcZ^J^^ZS^-'i^  ^sing ^hot^ater.  or  scouring  by  .he  dash-wheel. 
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The  Processes  used  in  Bleaching.  Singeing. — The  singeing  is  performed  by  passing 
the  cloth  over  a  red-hot  plate  of  iron  o  rcopper.  The  figure  1 63  shows  this  apparatus 


are  carried  by  this  apparatus  into  Jp  ^^  f  °^^"?>es  very  unpleasant,  they 
arrows  show  tL  pLsaJL  of  tL?pln  ^'^^^^'''^'J^^^^  they  are  consumed.  The 
into  the  hearth^a'nrthfnce  into  S^^^^     '''"^       ^"'^^^  °^       '^'^'^  downwards 

^pfl^Xl^t^^:-^^       --et  bleaching  one 

Sami^l  Hallf  'l '  has  nft' hfwevl?^'' ."'-f  P'^'^'        -Produced  by  Mr. 

plate  is  preferred.    Gar/ets  a7e  used  "Isa^        ^- "'^^^'^        ^'^^'^'^  --^^  = 

Shearlg.-Vor  fine  printinT  i^fs  bv  82^0  Jr,«°/"f '"^i??^*^'"  Singeing. 
the  cloth  instead  of  singe  ng^it     The  rthod  i<=         "''"^^"^  ^^^^  "^^P  °f 

Mess..  Mather  and  Platt\a4  L^.':Z^:U].r:^-aZ  t'olo  ytitfr 

generally  ime,  or  soda,  or  both.     C  kier  for 

pec'uJLVof^a-'b'"^^^  vessel,  ^he'chS 

the  c Wh  Von,^'-        ^  °f  preventing 

vesse   or  nl?^  j'^'""  on  the  bottom  of  thi 

vessel,  or  allowed  to  dry  on  the  vessel  or  so  tn 

of  fh:'lin''  T-*''  ^""""^  prevent  the  bdUng 
of  the  liquid  m  a  uniform  manner.  This  is  donf 
by  s.mply  having  a  false  bottom  to  the  kier  or  a 
wooden  perforated  bottom,  about  eight  o^  ten 
mches  above  the  actual  bottom  ^ 

H  o  at  bouom"!''  ^'       ''''       ^  «t°P«o<=k, 
Kie;stetrm/n  y'S"^f'f  J'" 
capable  of  contain^g^'o^loo  toTon  "V'^^'' 

of  water,  according  to  the  extent  of  f  °°  g''."^"*  , 

done.    In  order  thJ  t^!  ■     °^       business  ' 

Y  3  t^'^-ieraoje,  of  cast  iron,  tQ 
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j„„  r-f  ;t  To  keen  the  eoods  from  the  bottom,  where 
be  fixed  to  the  upper  n."^;''  ejf  ^on  ring  covere^d  with  netting  made  of  stout 
the  heat  acts  most  forcibly,  a  strong  iron  r   g  ^^^^  ^^.^^^  ^^^^ 

rope  c,  is  allo.ved  to  rest  s,x  or  e  g^^^^  .efficiently 
double  ropes  are  attached     ^l^^  .  .      ^^^^ks  from  the  running  tackle  of  a 

boiled,  which  have  each  an  J=  i„yed,  the  crane  is  so  placed  that  in 

crane.    Where  more  ho  lers  ^ban  one  i^e  emp  y    ,  ^^^^  ^^.^ 

the  range  of  its  sweep,  it  "^^yj  thdraw        SJ-^s^  om     y  ^^.^^^ 
purpose,  the  crane  turns  on  P^^'^  ^f^^^P  J,\e,v^^    means  of  a  cylinder  moved 
l7:£?onCheX'  The'udt  sSe^d  ry'th^s^.;  b^olts  .     and  rings  b  b.    .  is 
aCl'the  excessive  heating  needful  to  drive  the  liquid  through  the  goods,  Mr. 
John  Laurie  invented  the  keir  at yjjf.  165.  containing  the  cloth  ;  cefd 

In  this  Jig.  165,  A  B  c  D  18  the  wooden  ^leve,  or  kier.^c^  b^^  ^ 

pump ;  g  K,  the  pipe  of  communication 
between  the  kier  and  the  boiler.  This 
pipe  has  a  valve  on  each  of  its  extremities : 
that  on  the  upper  extremity,  when  shut, 
prevents  the  lye  from  running  into  the 
boiler,  and  is  regulated  by  the  attendant 
by  means  of  the  rod  and  handle  ?  b 
The  valve  at  K.  admits  the  lye ;  but, 
opening  inwards,  it  prevents  the  steam 
from  escaping  through  the  pipe  g  k. 
The  boiler  has  a  steam-tight  iron  cover, 
„  1  •  and  at  c  D  in  the  kier  is  a  wooden 
•grating,  a  small  distance  above  the  cover 

°'ltrotabroad  plate  of  metal,  in 

order  to  spread  the  °'^^V  .  b.t  the 
Tt  is  hardly  necessary  to  say  that  ttie 
boiler  has  afurnace,  as  usual,  for  similar 

^""wWle  thelye  is  at  a  low  temperature, 

.......  on. 

ratus  is  shown  m^ffs.  ^JJ  ^  torizontal 

being  a  vertical  section,  the  secona 
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section  in  the  line  x  of  the  first.  It  consists  of  two  parts  :  the  upper  -wide  part,  a  a, 
serves  for  the  reception  of  the  goods,  and  the  lower  or  pot,  b,  for  holding  the  lye  ;  cc  is 
an  iron  grating,  shown  apart  in  Jig.  1 68.  The  grating  has  numerous  square  apertures  in 
the  middle  of  the  disc,  to  -which  the  rising  pipe  d  is  screwed  fast.  The  upper  cylinder 
is  formed  of  cast  iron,  or  of  sheet  iron  well  riveted  at  the  edges ;  or  sometimes  of  wood, 
this  being  secured  at  its  under  edge  into  a  groove  in  the  top  edge  of  the  lye-pot.  The 
mouth  of  the  cylinder  is  constructed  usually  of  sheet  iron,  e  e  is  the  fire-grate,  whose 
upper  surface  is  shown  in  fig.  166  :  it  is  made  of  cast  iron  in  three  pieces.  The  flame 
is  parted  at/,  and  passes  through  the  two  apertures  g  g,  into  the  flues  h  h,  so  as  to  play 
round  the  pot,  as  is  visible  in  fig.  167,  and  escapes  by  two  outlets  into  the  chimney. 
The  apertures  i  i  serve  for  occasionally  cleaning  out  the  flues  h  h,  and  are,  at  other 
times,  shut  with  an  iron  plate.  In  the  partition  /,  which  separates  the  two  openings 
g  g,  and  the  flues  h  h,  running  round  the  pot,  there  is  a  circular  space  at  the  point 
marked  with  k,  fig.  167,  in  which  the  large  pipe  for  discharging  the  waste  lye  is 
lodged.  The  upper  large  cylinder  should  be  encased  in  wood,  with  an  intermediate 
space  filled  with  sawdust,  to  confine  the  heat.  The  action  of  this  apparatus  is  exactly 
the  same  as  that  already  explained. 

Besides  the  boiling,  bucking,  and  other  apparatus  above  described,  the  machinery 
and  utensils  used  in  bleaching  are  various,  according  to  the  business  done  by  the 
bleacher. 

The  kier  of  Messrs.  Mather  and  Piatt  is  very  complete.  The  first  figure  (169) 
is  the  kier  when  shut  or  screwed  down.  The  second  (170,  p.  328)  is  the  section 
of  the  kier,  which  is  very  like  that  before  given  ;  but  in  this  case  it  is  steam  tight, 
and  heated  by  steam  which  issues  from  a  steam  pipe  communicating  beneath  the 
false  bottom.  The  dangers  attending  the  kier  before  mentioned  are  by  this  means 
entirely  averted,  and  all  the  inventions  which  give  the  washing  liquid  a  separate  and 
distinct  place  for  heating  are  at  once  done  away  with. 

169 


An  exact  description  of  these  kiers  is  required    „  h  .  J 
kier,  which  IS  a  cylindrical  vessel,  genera^S  of^^dS^tet Li?  ^^^^^^^^ 


and     Puffej-P;P;'  Clfer?  thrflancli  on  which  ^his  cover  rests  is  grooved  a  lit  e, 

holding  down  tbe  cover  ^  ^  ^o  see  that  the  cloth  does  not  rise  too  high 
removed  easily,  to  enable  tne  aueuuaui,  l  i,p  phecks  the  steam  until 

Sapivdve  for  leSng  o'ff'k'ierl  e,  wheel  for  opening  ditto  m,  steam  pipe  from  boiler. 

o,  p,  foundation  for  kier.  „,-„„c     <5r,mp  nsp  lime  for  the  first  process ; 

'The  process  of  cleansing  is  very  various.    Some  use  ^  ^^^^ 

some  use  soda  alone;  some  use  them  mixed.    Of  course  when  carb  .^^^ 
lime  are  used,  caustic  soda  is  at  °°<=e/f  "*ed  and  the  ^^^0°  ^  ,  that 

The  practices  and  fancies  of  bleachers  ar^^^^^^^  ^.^^  ^^J^^, 

EtrLtr  ^ol«et to  Srco-IticTwil  the  atmosphere  and 

^^^J^hTn  removed  from  the  3^ie~^^^^^  litl  pS,ld thfsS^: 
washed  in  dash-wheels,  it  is  needfu  that  they  be  i      P        i^^^^^^  ^^^^g 

L'SsTeltriitfout  ^Srr ttUe  manner  as  a  piece  of  strmg  is 

rt^Jt'of  L  canister  in  -^^J^he  ^^^^^^  „f  filing  by  merely 

M.  Metz,  of  Heidelberg  has  a  tempted      Pe«OT  ^^^^^  _^  ^^^^  ^ 

extracting  the  air  from  the  cloth,    toi         PU  p  out  by  an  air-pump. 

:trong  upright  cylinder,  t^^^op  screwed  dow  .  a^^^^^^^ 

S:         frdSS;  c^pSJ^f  pS  cU  m  a  coUlon  to  be  bleached  for  a 

rarely,'^ste'cped  from  one  ^"  ^r^^t'^^andP?  trials  attached  to  the  cloth  Fer- 
of  loosening  the  gummy  glutinous,  P"^  P^J  >  ^3  ^3  t,,^  action  of  the  ferment  some- 
mentation  ensues,  and  this  P'-^^f  ? 'fi^^^f  ^they  IVe  piled  up  in  a  great  heap  without 
times  extends  to  the  gf^^s,  espcmlly 't  t^^^^^^ 
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an  effect  due,  it  is  believed,  to  the  acetic  and  carbonic  acids  generated  during  fer- 
mentation. Some  persons  throw  spent  lyes  into  the  fermenting  vats  to  counteract  the 
acids.  The  spots  of  grease  are  chiefly  to  be  found  in  hand-'oom  goods,  and  the  diffi- 
culty concerning  the  fats  is  not  therefore  commonly  felt  where  power-loom  goods  are 
chiefly  used,  as  in  Lancashire. 

Washing.  —  If  the  cloth  is  to  be  washed  without  having  the  pieces  strung  together, 
the  following  methods  may  be  adopted.  The  stocks  are  still  used,  but  not  in  any  large 
establishments  in  Lancashire. 

Figs.  171,  172,  represent  a  pair  of  wash-stocks,  a  a  are  called  the  stocks,  or  feet. 
They  are  suspended  on  iron  pivots  at  B,  and  receive  their  motion  from  wipers  on 
the  revolving-shaft  c.  The  cloth  is  laid  in  at  d,  and,  by  the  alternate  strokes  of  the 
feet,  and  the  curved  form  of  the  turnhead  e,  the  cloth  is  washed  and  gradually 
turned.  At  the  same  time,  an  abundant  stream  of  water  rushes  on  the  cloth 
throughout  holes  in  the  upper  part  of  the  turnhead.  Wash-stocks  are  much  used  in 
Scotland  and  m  Ireland  In  the  latter  country,  they  are  often  made  with  double 
feet,  suspended  above  and  below  two  turnheads,  and  wrought  with  cranks  instead  of 
wipers.   Wash-stocks,  properly  constructed,  make  from  24  to  30  strokes  per  minute. 


as  a  water-wheel.  ^  ^^"^      ^reat  a  velocity  to  act  to  advantage 

work's!  7s'tp«7'f '  °7  "^^^'^      ^'^^"^  -      good  bleach  and  pr.nt- 

fg-  173,  upon  the  left  side 
in  a  back  view,  and  upon 
the  right  side  in  a  front 
view  (the  sketch  being 
halved).  Fig.  174  is  a 
ground  plan. 

o  a  is  the  washing- wheel ; 
b  b  its  shaft-ends ;  c  c  their 
brass  bearings  or  plummer- 
blocks,  supported  upon  the 
iron  pillars  d  d.  The  frame 
IS  made  of  strong  beams  of 
wood,  e  e,  bound  together 
by  crossbars  with  mortises. 
ff,  two  of  the  circular 
apertures,  each  leading  to 
a  quadrantal  compartment 
TTithin  the  dash-wheel.  In 
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the  back  yiew  (the  left-hand  half  of  the  figure)  the  brass  grating,  g  c/,  of  a  curvilinear 
form,  is  seen,  through  -which  the  jets  of  water  are  "Admitted  into  the  cavity  of  the 

■wheel ;  h  h  are  the  round 
orifices,  through  which  the 
foul  water  runs  off,  as  each 
quadrant  passes  the  lower 
part  of  its  revolution  ;  i,  a 
water-pipe,  with  a  stop- 
cock for  regulating  the 
washing-jets;  k  k,  the  lever 
for  throwing  the  driving- 
crab  /,  or  coupling-box, 
into  or  out  of  gear  with 
the  shaft  of  the  wheel. 
This  machine  is  so  con- 
structed, that  the  water- 
cock  is  opened  or  shut  by 
the  same  leverage  which 
throws  the  wheel  into  or 
out  of  gear,  m,  a  wheel, 
fixed  upon  the  round  extremity  of  the  shaft  of  the  dash-wheel  which  works  into  the 
toothed  pinion  connected  with  the  prime  mover.  When  the  end  of  the  lever  k,  whose 
fork  embraces  the  coupling-box  upon  the  square  part  of  the  shaft,  is  pushed  forwards 
or  backwards,  it  shifts  the  clutch  into  or  out  of  gear  with  the  toothed  wheel  m.  In 
the  latter  case,  this  wheel  turns  with  its  pinion  without  affecting  the  dash- wheel. 
n  n,  holdfasts  fixed  upon  the  wooden  frame,  to  which  the  boards  o  o  are  attached,  for 
preventing  the  water  from  being  thrown  about  by  the  centrifugal  force. 

The  dash-wheel  is  generally  from  6  to  7  feet  in  diameter,  about  30  inches  wide,  and 
requires  the  power  of  about  two  horses  to  drive  it. 

A  dash-wheel  has  one  piece  of  cloth  in  each  of  the  four  compartments ;  these  are 
washed  in  eight  minutes,  being  30  pieces  an  hour,  or  300  pieces  a  day ;  sometimes 
two  pieces  are  put  in,  when  double  the  time  is  given.  It  generally  requires  60 
gallons  of  water  per  minute  to  feed  it,  36,000  gallons  a  day,  or  120  to  a  piece. 
Always  after  washing,  the  squeezers  are  applied,  as  they  remove  at  once  the  super- 
fluous water. 

The  machine  made  by  Mr.  Mather  (figs.  175  and  176)  washes  800  pieces  per  hour, 
or  8000  pieces  per  day  often  hours,  using  400  gallons  per  minute,  or  120,000  gallons 
per  day,  or  20  gallons  to  a  piece.  This  class  of  machine  is  now  in  its  turn  superseding 
the  dash-wheel. 

This  washing  machine  will  be  understood  by  the  general  plan  (fig.  176,  and  corre- 
sponding section,  fiff.  175).  a  and  b  represent  the  squeezing-bowls.  a,  is  18  inches 
diameter  and  8  feet  three  inches  long;  it  is  made  of  deal  timber.  (The  lapping  of 
strong  canvas  at  a"  is  for  the  purpose  of  giving  the  "  out-coming  "  pieces  an  extra 
squeeze,  in  order  to  prepare  them  for  the  kiers.)  b  is  24  inches  diameter  and  of  the 
same  length  as  o,  making  100  revolutions  per  minute;  it  is  generally  made  of  deal, 
sycamore,  however,  being  better,  c,  d,  a  strong  wooden  rail,  in  which  pegs  are  placed 
in  order  to  guide  the  cloth  in  its  spiral  form  from  the  edge  to  the  centre  of  the  ma- 
chine, h,  h,  the  water-trough,  through  which  the  piece  passes  round  the  roller  r. 
p  (^o.  175). '"'ater-pipe.  <,  water-tap.  th,  m,  pot-eyes,  which  may  be  adjusted  to  any 
angle  to  guide  and  regulate  the  tension  of  the  piece  on  entering  the  machme.  /,  side 
frame,  for  carrying  bowls,  &c.  g,  engine  (with  cylinder,  8  inches  diameter)  and 
gearing  for  driving  machine,   w,  weight  and  lever  for  regulatmg  pressure  on  the  bo  wL 

This  machine  washes  800  pieces  per  hour,  and  requires  400  gallons  of  water  per 
minute  It  will  serve  also  to  represent  the  chemick  and  souring  machine,  the  only  dif- 
ference being  that  the  bowls  are  3  feet  6  inches,  instead  of  8  feet  3  inches,  in  length. 

The  chemick  and  sour  are  brought  by  turns  into  the  trough,  or  into  similar  separate 
troughs,  by  a  leaden  pipe  from  the  mixing  cisterns,  and  are  run  in  to  6  or  8 

inc1i6S  dcGP  •        T  • 

The  washing  machine  of  Mr.  Bridson  (fig.  177,  p.  332)  is  worth  attention.  In  its 
action  the  course  of  the  cloth  in  the  water  is  easily  seen  ;  it  is  chiefly  horizontal.  This 
motion  had  been  given  by  Hellewell  and  Fearn  in  1 856 ;  but  they  had  a  very  complicated 
machine,  and  they  did  not  attain  the  flapping  motion  which  is  given  to  the  cloth  when 
it  becomes  suddenly  loose,  and  is  driven  violently  against  the  board  a  a  as  often  as  6  c 
and  e  d  are  in  one  line.  It  is  not  shown  by  the  drawing  that  the  cloth  passes  eight 
times  round  these  wheels.  There  is  a  constant  stream  of  water  from  the  pipe/, 
which  is  flattened  at  the  mouth  about  one  and  a  half  inch  m  one  "^'a^'^^^'"' 
ten  inches  in  the  other.    This  machine  can  wash  900  pieces  in  an  hour.    It  requires 
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about  twice  as  much  water  as  a  dash- wheel,  but  washes  seven  and  a  half  times  more 
pieces.    Its  length  is  nine  feet. 

Sovring.  —  After  boiling  in  the  first  kier  and  washing,  the  goods  are  soured  in 
muriatic  acid  of  1010*  specific  gravity,  or  6i  gallons  of  the  usual  acid,  which  contains 
3.3  per  cent,  of  real  acid,  mixed  with  100  gallons  of  water.  This  is  equal  to  2°  Tw. 
Muriatic  acid  may  be  replaced  by  sulphuric  acid  of  1024-specific  gravity,  i.  e.  3.J  gallons 
liquid  acid  to  100  of  water; — or  the  amount  of  the  acid  may  be  doubled  in  either  case, 
and  a  shorter  time  allowed  for  the  souring.  The  souring  is  performed  in  wooden  or 
stone  cisterns,  where  the  cloth  is  laid  regularly  as  it  falls  over  one  of  the  rollers  of  the 
calender; — or  it  is  passed  through  the  acid  solution  by  the  movement  of  the  calender 
in  the  same  manner  as  described  in  the  process  of  washing.  If  this  method  is  used, 
it  is  allowed  to  lie  on  the  stillages  from  two  to  three  hours  to  allow  the  acid  to  act. 
The  acid  decomposes  any  lime  soap  formed,  and  washes  out  the  lime.  Hydrochloric 
or  muriatic  acid  has  been  preferred  in  the  process  described,  as  the  chloride  of  cal- 
cium is  so  much  more  soluble  than  the  sulphate.  After  souring,  of  course  the  goods 
must  be  thoroughly  washed  as  before. 

The  sixth  operation  with  soda  removes  the  remaining  fatty  materials.  If  lime  be 
used,  it  may  be  allowed  to  settle ;  and  it  is  better  to  allow  it  to  do  so,  and  thus  to  use 
pure  caustic  soda,  which  will  with  the  resin  remove  the  impurities  in  a  more  soluble 
form.  If,  instead  of  adding  170  lbs.  of  soda  crystals  to  600  gallons  of  water,  4-6  lbs. 
of  liquid  caustic  soda  of  specific  gravity  1320-  were  added,  the  effect  would  be  the  same. 

The  solution  of  resin  and  carbonate  of  soda  is  a  half-formed  soap,  which  is  con- 
sidered to  act  beneficially  in  removing  the  soluble  matter.  It  would  not  appear,  from 
theory,  to  be  capable  of  doing  so  well  as  the  soda  which  has  its  carbonic  acid  removed ; 
but  tender  goods  will  not  allow  the  action  of  caustic  soda,  and  the  carbonate  is  there- 
fore  Scifcr" 

Powder-bleaching.— Chloride  of  lime  is  added  in  stone  vessels  where  the  goods  are 
allowed  to  lie.  It  is  universally  called  chemick  in  the  manufactories.  The  strength 
used  at  Brickacre  is  half  a  degree  Twaddle,  or  1002-5.  This  is  sometimes  very  much 
increased,  so  as  to  be  even  5°  in  some  establishments,  accordmg  to  the  goods 
bleached  :  but  it  is  not  safe  to  allow  the  cloth  to  lie  long  m  such  strong  solutions.  In 
such  cases  it  is  needful  to  pass  them  rapidly  through  with  the  calender  so  as  to  soak 
them  thoroughly,  and  then  to  pass  them  on  to  the  acid,  and  forward  to  be  washed. 
It  may  be  rtmarked  that  the  use  of  the  calender  for  these  operations  renders  it  pos- 
sible to  use  strong  solutions,  even  for  tender  goods,  as  there  is  no  time  given  tor 
iniurious  action  on  the  fibre.  .       _  ,      , ,    . ,     ^  i. 

Great  care  is  to  be  taken  to  make  the  solution  of  the  chloride  of  l.me  perfectly 
clear.  The  powder  does  not  readily  wet  with  water,  and  it  must  therefore  be  pre  sed 
or  aeitated  This  may  be  done  by  putting  it  in  a  revolving  barrel  with  water  until 
complete  saturalion  of'^he  powder'wfth  moisture;  the  amount  -9"'-^  .  Vhen 
into  the  cistern,  and  the  insoluble  matter  allowed  to  sink.  This  ^"fol^We  ma  ter  i^^^^^^^^ 
not  be  allowed  to  come  into  contact  with  the  cloth,  as  it  will  be  equal  ^^^J^'^Tso^s  to 
centrated  solution  of  the  liquor,  and  will  produce  rottenness,  or  l'"'->\.  '^^^^^^ 
leave  holes.  When  removing  from  the  trough,  the  cloth  is  drawn  through  squeezmg 
rollers,  which  press  out  any  excess  of  chloride  of  lime. 
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Squeezing. — The  squeezing  rollers  or  squeezers,  for  discharging  the  greater  part  of 
the  water  or  any  liquid  from  the  yams  and  goods  in  the  process  of  bleaching,  are  repre- 
sented in  figs.  1 78,  179,  the  former  being  a  side  view,  to  show  how  the  roller  gudgeons  lie 


in  the  slots  of  the  frame,  and  how  the  shaft  of  the  upper  roller  is  pressed  downward  by 
a  weighted  lever,  through  a  vertical  junction  road,  jointed  at  the  bottom  to  a  nearly 
horizontal  bar,  on  whose  end  the  proper  weight  is  hung.  In  fig.  179,  these  rollers,  of 
birch-wood,  are  shown  in  face  ;  the  under  one  receiving  motion  through  the  toothed 
wheel  on  its  shaft  from  any  suitable  power  of  water  or  steam.  Upon  the  shaft  of  the 
latter,  between  the  toothed  wheel  and  the  roller,  the  lever  and  pulley  for  putting  the 
machine  into  and  out  of  gear  is  visible.  The  under  roller  makes  about  25  revolutions 
in  the  minute,  by  which  time  three  pieces  of  goods,  stitched  endwise,  measuring  28 
yards  each,  may  be  run  through  the  machine,  from  a  water  trough  on  one  side  to  a 
wooden  grating  upon  the  other. 

A  squeezing  machine,  with  a  small  engine  attached,  is  shown  in  fig.  180,  for  the 
drawing  of  which  we  are  again  indebted  to  the  makers,  Messrs.  Mather  and  Piatt. 
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d,f,  represent  the  squeeziug-bowls.  They  are  as  large  in  diameter  as  possible,  and 
are  generally  made  of  sycamore  ;  but  the  bottom  ope  is  better  made  of  highly  com- 
pressed cotton,  a,  b  are  the  engine  and  frame  for  driving ;  g,  frame  for  carrying 
bowls  ;  I,  I,  compound  levers  for  regulating  the  press  use  ;  s  is  a  screw  for  the  same 
purpose,  and  c  is  the  cloth  passing  through  the  bowls. 

The  white-squeezers,  or  those  used  before  drying,  should  have  a  box,  supplied  with 
hot  water,  fixed  so  that  the  piece  may  pass  through  it  before  going  to  the  nip  of  the 
bowl. 

When  the  goods  are  run  through,  they  are  carried  oflf  upon  a  grated  wheelbarrow 
in  a  nearly  dry  state,  and  transferred  to  the  spreading  machine,  called  at  Manchester 
a  candroy.  In  many  bleach  works,  however,  the  creased  pieces  are  pulled  straight  by 
the  hands  of  women,  and  are  then  strongly  beat  against  a  wooden  stock  to  smooth  out 
the  edges.  This  being  done,  a  number  of  pieces  are  stitched  endwise  together,  prepa- 
ratory to  being  mangled. 

This  squeezing  machine  is  small,  but,  as  will  be  seen,  the  rollers  are  introduced  so 
as  to  act  as  long  and  as  rapidly  as  cloth  of  whatever  length  is  drawn  through  them. 

The  following  figure  (181)  represents  a  pair  of  squeezers,  for  squeezing  the  cloth 
after  several  of  the  processes  named,and  are  shown  as  being  driven  by  a  small  high  pres- 
sure engine,  a  is  the  fly  -wheel  of  engine  ;  b,  crank  of  ditto  ;  c,  frame  of  engine  ;  d, 
spur  wheels  connecting  the  engine  and  squeezers;  e  and /,  sycamore  squeezing  bowls. 


The  cloth  when  passed  over  the  steamed  rollers  is  now  dry  ;  but  it  is  not  smooth 

more  expensive  for  them  to  buy  it  as  the  '^^'^"[f  ™;  7,^^,^^,^,^^^ 
require  to  dissolve  it.    They  are  able  also,  m  *°  Jer  w^  dips 

This  is  mixed  with  blue,  according  to  the  finish  ot  the  goods.    A  .oiler  ^  1 
into  the  starch,  lays  it  regularly  and  evenly  on  the  cloth  m  the  same 
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mordants  are  communicated  in  calico  printing,  whilst  other  rollers  expel  the  excess  of 
the  starch.  The  cloth  is  then  dried  over  warm  cylinders,  or  by  passing  into  a  heated 
apartment.  It  receives  the  final  finish  generally  by  the  calender ;  but  muslins  receive 
a  peculiar  treatment. 

Calender. — Fig.  182  is  a  cross  section  of  this  machine,  and  Jigs.  18.3,  184  are  front 
views  broken  off.    The  goods  are  first  rolled  upon  the  wooden  cylinder ;  o,  near  the 


ground;  by  the  tension  roller,  b,  upon  the  same  cylinder,  the  goods  receive  a  nronpr 
tT/lf  wT^""^  ^^'^'^S         They  then  pass  ove^r  the  spreldin/  bars 

In'.h^  f ^'^'^^^^^    next  round  the  hollow  iron  cvHnder  r/' 

abo„t  the  projecting  woodenroll^C^^^^^^^ 

:Sni^;SiSes=ss;Sn:-Sr^^^^ 

times  secure  an  equal  degree  of  nressurr  S  {a  i,  \  ^ 

weighted  lever  pres's  immeflaTelfuErnrop  L^^^^^  t^e 

sion  exercised  by  the  cylinders  may  be  increased  at  nlelurP  W  ^1./^    A'     ^  ^ompres- 

be  ng  applied  to  it  at  L   The  up/er  branch  of  tKver  o  t^ 

bolts  at  p,  to  the  upper  press  cylinder    The  iunotinn^!^     •     .!   J  f '  ^'^^^^^ 

diate  piece  r, by  le'fLnLightWedsJrewS^^^^^^^^ 

round  to  the  right  or  the  left,  the  pressure  of  the  weighted  ronl  w  irr'  ■T'''-'^ 
creased  or  dim  n  shed.  Bv  turnine  it  still  mr^ro  tlo  •  ^     m.  ^'^  "ther  in- 

pressure  will  be  removeJCd  the  pre  froTer  ^Tl'^' 
object  of  this  mechanism  ^  "^^'^^      the  main 

or  20  teeth,  according  to  the  ^taeVsp^^Se  u  reT^^^^  'f'^ 
on  at  and  adjusted  in  its  proper  place  by  r^eans  7a  3I0T  T^Tr'"""^''^  ''^""^'"^ 
cylmder  the  first  motion  is  communicated  by  any  power  for  J'  ^  "'on 
rigger  (driving  pulley)  is  applied  to  its  shaft  at  «  or  7!  '  ?  "•'^^  P"'"P"'^  either  a 
to  operate  with  a  heated  calender,  the  undermost  hollow  f,^^"""-  ^''^'^'^ 
hot  steam,  admitted  through  a  stulEug  boL  at  one  en^  ^  fi''  ^^^"^  ""'^^ 

stuffing  box  at  the  other,  or  bv  a  red-hot  iron  roller        '    ""^  '^'^^'^^rged  through  a 

of  K^es!  whTerdYpTSj^L^S^^^^^^  ^TP^d^  this  is  done  by  aroller 

then  subjected  to  the  ^werM  p  L  "1  '-fg'i  arly  on  the  cloth.    They  are 

pieces,  by  the  powerful^ressuie  of  thrro^ers  ar^^  The  calend^ered 

There  can  be  no  doubt  that  cloth  in  tSsSe  look^to  Z  h  shining, 
must  however,  be  put  into  a  compact  ^rm  This  isln  'v  f^^^t^S''-  The  piecfs 
^■hich  are  pressed  by  hydraulic  Jower  int;  I^^ llt^^^.'^^:^^  ^E^ZZtl 
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the  mark  of  the  manufacturer,  or  any  device  that  he  may  choose  to  have,  stamped  upon 

it  or  bound  round  it.  -     ,   "  ^  n  ■ -i^-  -n- 

Finishing— Vme  starch  is  not  always  used  for  the  purpose  of  linishmg.  Fine  clay, 
Kvpsum  or  Spanish  white,  is  mixed  with  the  cloth ;  and  if  weight  is  desired  to  be  given, 
sulphate  of  baryta  is  employed.  Mr.  John  Leigh,  of  Manchester,  has  lately  patented  for 
this  purpose  the  use  of  silicate  of  soda,  which,  for  such  goods  as  are  not  mjured  by 
alkalis  seems  to  answer  the  purpose  at  a  very  cheap  rate.  There  can,  however,  be  no 
doubt  that  too  much  attention  is  given  to  this  finish  for  home  goods,  or  for  all  purposes 
which  require  the  goods  to  be  washed  :  they  assume  a  solidity  of  appearance  which 
they  do  not  possess  when  the  finishing  material  is  removed  from  the  pores,  and  the 
cloth  appears  without  disguise.  In  some  instances,  however,  this  finish  is  a  peculiarity 
of  the  goods,  and  is  almost  as  important  as  the  cloth  itself  For  example :  in  the  case  of 
muslins,  when  they  are  dried  at  perfect  rest,  they  have  a  rigid  inelastic  feelmg,  some- 
what allied  to  that  of  thin  laths  of  wood,  and  feel  very  rough  to  the  touch.  They 
are  therefore  dried  by  stretching  the  cloth,  and  movmg  the  lines  of  selvage  backward 
and  forward,  so  as  to  cause  the  threads  of  weft  to  rub  against  each  other  and  so  as  to 
prevent  them  becoming  united  as  one  piece.  Goods  dried  in  this  manner  have  a 
peculiar  spring,  and  such  thick  muslins  are  for  a  time  possessed  of  great  elasticity. 
Several  pieces  folded  up  in  a  parcel  spring  up  from  pressure  like  caoutchouc. 

Mr  Ridgeway  Bridson  invented  an  apparatus  for  giving  this  peculiar  finish  to 
muslins.  Formerly  it  was  done  entirely  by  the  hand,  and  m  Scotland  only,  bince 
the  invention  of  this  machine,  this  trade  has  become  a  very  important  one  in  the 

^Setimes 'goods  are  finished  by  the  beetle,  which  acts  by  repeated  hammering 
This  peculiar  Action  has  been  transferred  to  a  roller  by  T.  E.  Bridson,  and  called 
the  "  Rotatory  Beetle."  It  consists  of  a  cyUnder  having  alternately  raised  and  de- 
pressed surfaces,  and  two  other  cylinders  which  press  upon  it,  and  alternately  press 
the  doth  and  give  a  freedom  as  it  passes  between  the  rollers.  This  is  similar  to  the 
rise  and  fall  of  the  hammers  or  mallets  in  the  beetling  process. 

Sometimes  a  stiff  finish  is  wanted  ;  then  muslins  are  dried  m       "^ual  way 
Brvina—Fias  185  and  186  represent  a  drying  machine,  with  eleven  cjlmders, 
eac^l  fnchef  fn  diameter,  capabL  of  drying  1000  pieces  of  bleach^  -^^^^^^ 
dav    a  represents  cylinders  heated  with  steam  ;  v,  vacuum-valves  in  ditto  ,  J,  ti  ame 
for  carrying  cylinders ;  c,  folding  apparatus ;  «  steam-pipe;  geai-ing. 


rises  up  from  the  heated  surface  ou  which  the  cloth  is  ariea. 

ders  such  as  those  just  described  «f  f -.^.^'Jen^  ^^^^^^^^^        closed  space 

T^lt  st^r' 'fhf  cS  is"  b;S  mSs'he^iTonrside  only  not  pacing 

»rrocySd^^^^^^^^ 

changed  every  time.  The  larger  the  cylinder  or  ^jh«e^.  ^l^^  ^  reason, 
as  there  is  more  surface  of  cloth  exposed  ^o     at  ^  t""^  ,  u  c^n  ^ 
be  turned  more  rapidly  round    WeH-fin.shed  goods  will  no  ri  c^^^^^^^^  -^^.^^.^^ 
on  the  pattern.    Messrs.  Bridson  have  a  '^"S^J'';^'"^^^^^  ^f  a  plain  cotton  cloth, 
flowers  on  account  of  this  peculiar  finish.    They  are  tormea  oi  a  p 
but  stand  the  pressure  of  hot  irons  without  curling. 
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No  essential  diflference  is  made  in  bleaching  muslins,  except  that  sometimes  weaker 
so  utions  are  employed  for  very  tender  goods.  Mr.  Barlow  makes  no  diflference  as  a 
rule  m  the  strength  given  m  describing  his  process  ;  with  very  strong  goods,  he  some- 
times uses  the  liquids  stronger. 

It  is  desired  occasionally  to  bleach  goods  which  have  coloured  threads  woven  into 
them,  or  colours  prmted  on  them.  In  these  cases  great  caution  must  be  used  It 
IS  needful  to  use  weak  solutions,  but  more  especially  not  to  allow  any  one  process  to 

t  ^'"^     ^'  *°  '"P^''*    "ft'^"  than  to  lengthen  it.    This  may 

be  Stated  as  a  general  rule  m  the  bleaching  of  goods.  It  would  indeed  be  possible  to 
f^  ^.  Weacliing  in  one  operation,  but  the  cloth  would  be  rotten.  This  arises 
from  the  fact  that,  at  a  certain  strength,  bleaching  liquor  or  soda  is  able  to  destroy  the 
fibre ;  but  another  and  less  strength  does  not  act  on  the  fibre,  but  only  on  such 
substances  as  colouring  matters.  This  care  is  needed  when  printed  goods  whkh 
destrov7ts'briC"°''  "'I  .^^^  ^'^^^'l  ^^^es  ifp  colouf  enough  to 

'^zi  ^o?;  the^tu^Stu^r  ■  /wWul&i  Tteft'o'^^^thT!:/ 

.  h«  -ed7which  ar^apt  to  spL  the  clo  h  ^^^^^^ 

out  of  the  liquid  allowing  them  to  rest  on  the  side  of  the  vessel 

bletS^rp^d^n^eSS^  same  purpose,  souring  as  with  the 

than  befU  althougJ^itttrxcerwiU  d^r^^^^^^^^^^  7%TLZ'\^''''rl 
may  be  owing  to  the  better  white  given  to  the  OTound     -R^ifl  ^^''"^ 

one  continuous  line  through  evwv  so  ut^n  w^th  Jl  T'^-'  'J"  -'^^"^^ 
This  is  done  by  connecting  the  ends  rfaU  Thi^rl       'V!  ^'''''-^  '^'^'"'''t^ 
the  chain  of  cloth  thus  formed  in  anfdeLfd  di  e.M^     ^%"i.'°''°°,  "^'"""^'•^ 
solutions  any  given  number  of  times^We  sSu  allow  hir*  ""^'^'^^ 

J''9- 187  (p.  338)  is  an  end  view  of  twolch  cn InH  J        *°  o^n  ^vords 

B  and  D  1,  a  smaller  driving  roUef  c  Z^rackf  rnnT^T  '^'"S"  '-""^rs 

and  G  1,  inside  of  which  cistfrns  are  rol  Lrs  e  and  e  i  whil'^'n  "^T  '''''''''  « 
ribs  upon  each,  to  shake  the  goods  as  thev  mss  thrn.fi'  I  T"""'  ''^^^  ^^"are 
npon  which  the  batches  of  goSds  are  placed  ,.no5   "f  ^*  ^  frame 

where  they  are  marked  k  I  ""^  are  placed  upon  rollers  shown  in  Jig.  188  (p.  338>i 

the  middle,  and  to  the  top  of  Ihe  buildfnt  hn  "^'^  the  feet  at 

to  the  calender  bowls.  '^''^'"^  ^"^'^^^  ^°<1  weights  h  to  give  pressure 

upSLt/^h'slt' oV'd'S  aTa     -fT-  ''"^     -'^-h     ^'^own  at  .  • 
-machinery  and  oisterns^^C^- 
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of  the  cord  through  the  rollers  b  and  c,  down  to  cistern 
G,  under  roller  t,,  through  the  furthermost  division  of 
rack  D,  and  again  through  calender  rollers  at  b  and  c, 
repeating  the  same,  but  observing  to  keep  the  cord 
tight,  and  to  approach  one  division  nearer  in  rack  d 
each  revolution  until  each  division  is  occupied,  -when 
the  end  must  pass  over  c,  under  and  round  b  1,  down  to 
and  over  the  guide  roller  i  3,  through  the  nearest 
division  of  rack  d  1  into  cistern  g  1,  under  roller  e  i, 
over  guide  roller  I  2,  and  again  over  roller  c,  under 
and  round  B  1.    This  course  must  be  repeated,  ob- 
serving as  before  to  keep  the  cord  tight,  and  to  receive 
one  division  of  rack  d  1  every  revolution,  until  each 
division  of  rack  D  1  is  occupied,  when  the  end  must 
pass  over  from  B  1  under  1 4.    The  cord  now  forms  a 
sort  of  spiral  worm  round  and  through  the  machmery 
and  cisterns,  beginning  at  b,  c,  and  ending  at  the  top  ot 
B  1  to  I  4,  the  number  of  revolutions  bemg  governed  by 
the  number  of  divisions  in  the  racks  d  and  d  1,  so  that 
if  there  were  fifteen  divisions  in  each  rack  there  would 
befifteenrevolutionsundercr^^^^^^^^^^ 

lut.ons  over  c  round  ^,  ^ '  "J^^^  ^  [^^^ °nd  by  this  means,  if  one  end  of  the  back 

over  0.  Pas^^^g.f'^"™  *;X^J„!,oVt^^^  is  fkstened  to  the  end  of  the 

of  goods  marked  K,  and  placed  upon  the  tra^^^^  conducted  and 

guide  cord  the  good   will  when  J  thirty  times 

washed  thirty  times  ^^'^""gf^^^^^  nroceeds  and  the  guide  cord  passes  through 

through  the  calenders.  ,A^;\\^P^;^J;^„\Xf'rto  prevenfit  from  becoming  entan- 
the  calender,  it  is  wound  by  hand  upon  ^  soon  as  the  first  end  of 

gled,  and  to  keep  readiness  tje  ^e^*  "P^^f  ^  .^^  ,,ller  1 4,  it  is  detached 
the  goods  has  passed  through      188  and  a^^^^^s  a^  i     g  ^^^^^  ,^ 

from  the  end  of  the  guide  cord  and  attached  to  tne  g  ^^^.^^^ 
with  the  opposite  set  °f  ^^^f^^^^^^^ 

poods  are  washed  and  squeezed  thiough  I  S  ciste^^^^^  ^^^^^^  ^  ^^.^ 

hot  and  strong  lime  ly^./"d  ^he  g°°d%pass,ng  o  S 

conveyed  over  other  guide  '°'^^'«J°  P'^-^to  one  of  the  boiling  vessels,  where, 
.uflldeDtly  .cted  on  b,  one  •°l«"'>"' t"™;!.  from  place  to  pl.ce  bj  n.e.«. 
of  cotton.    The  skeins  »re  looped  \»f "[JJ^"»,„,  >„,  e„d  of  tl.c  next  skem 
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peatlng  which  any  quantity  of  skeius  may  be  looped  together,  tying  the  last  loop 
with  another  soft  material. 

The  mode  of  saturating  the  goods  with  solutions  is  eflfected  by  the  arrangement 
shown  in  fig.  189.  Rapid  motion  and  frequent  pressure  are  introduced  instead  of  a 
still  soaking  process. 

189 


y--\ 


Wm 


\JHli  Pll  H. 
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A  IS  a  roller  for  the  guide  cords;  b,  b,  b,  are  eleven  washing  rollers;  c.c  c  are 
speed  rollers;  e,  e,  e  are  twelve  rollers  immersed  in  twelve  divisions  of  the  cis- 
Ta^  of  tJ     eleven  staple-formed  irons  which  pass  through  the  frame  rails  on  each 

1  °^  ^'     ^'  ^"-l       eleven  rollers  c.  c,  c.  serve 

to  stay  these  rollers  m  their  places,  at  the  same  time  allowing  the  eleven  wasS 
rollers  b  b,  b,  to  rise  and  faJl  according  to  the  pressure  by  which  they  are  he7d  down 
nL.H  ^^'^^"/"gl^"  ^"ached  to  these  irons  at  h,  and  upon  the  bottom  rail  may  be 
placed  such  staves  brushes,  or  rollers,  as  may  be  found  necessary  fo7  holdi"^  and 
brushing  the  goods  in  the  best  manner  to  keep  them  straight  dur  ng  thSerTnt 
washmgs  in  water  and  bleaching  liquors.  The  goods  are  prepared  by  steei  as 
before  described,  and  placed  in  batches  at  f,  and  passing  under  the  mmerfin^ 
rollers  e  and  the  twelve  divisions  of  cistern  g,  between  the  ekve"  speerrolTers  f 
fnto  o^'p'ofir  'f'''  f'      ''^'^  ^'  ^'  ^'-e  ^^^^  down  stra  Sht  and  open 

and  drying,  are  represented  in  figs.  190  and  191  rn %4n'^  Thf  f.  ^7  ''"^""g 
two  lengths  of  cloth  of  400  pieces  each  rTrl  nf  r^^'  T  •  ^^^^^"er  d  represents 
patent  sowing  machine  Se^bTMather  and  Pl^^^^^ 

P^sing  thro4h  washing  machin'e,^*!         TSXfe  Te'r  wiJcT  i^'^o 

and  passed  into  selVkier  6       ratbroccLyin™  r'^'T' 

for  twelve  hours  in  ashes  and  S    Jnf.^^v,?i      hour),  where  they  are  boiled 

>vashed,  squeezed  Csee  Plan  at  irfn^A  ^S'^"^,  ^"^^drawn  by  the  same  machine,  g, 

opei.tion''occupTes7netourrThey\^;e"ln^\\  ''^^  f'^  ' 

through  sour-machine,  e,  soured,  pass'^.d  ovei  winch  °"  aTd  Sk  \'fr  '""'''''^ 
one  hour),  where  it  remains  in  the  pile  for  th.ee  hours'  if  c  fi  (ope''at.on, 
and  washed  through  machine,  q  ("an  hour's  onP,ttinn>     r  squeezed  at  u, 

boiled  for  six  hou°rs,  washed  ^t^^  squeezed  aru  rr\n  ''^'''^  " 

through  chemick-machine  (an  hom-'^remion^  an^ni  Tp'  "P^'-ftion),  and  passed 
It  is  soured  again  (an  hour's  operationrsaS^^^^  1°'/"'  ^T''  ^^^'t^'' 

t;^,  squeezed  again  at/(an^  S^^X^^ ^^^^ ^^^^ 
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by  the  heavy  pressure  which  is  required  to  be  applied,  if  no  squeezers  are  used,  in 
order  to  prepare  the  pieces  for  the  sour  and  chemick  machines :  Secondly,  A  drier 
state  of  the  cloth  than  can  possibly  be  produced  by  the  washing  machine  alone,  thus 
fitting  it  to  become  better  saturated  with  the  chemick  or  sour  :  Thirdly,  Tlie  piece 
passing  from  the  souring  to  the  washing  machine,  in  this  arrangement,  carries  with 
it  less  of  the  acid,  and  thus  ensures  a  better  washing  with  less  water. 

It  may  be  observed,  that  the  velocity  of  the  above-mentioned  machines  is  much 
higher  than  usual,  experience  having  shown  that  the  various  operations  are  thus 
better  performed  than  when  running  slower.  The  reason  of  this  appears  to  be,  firstly, 
that  the  piece,  running  at  such  velocity,  carries  with  it,  by  reason  of  capillary  attrac- 
tion, a  greater  quantity  of  liquid  to  the  nip  of  the  bowls ;  secondly,  the  great  velocity 
of  the  bowls,  together  with  the  greater  quantity  of  water  carried  up,  produces  a  more 
powerful  current  at  the  nip  and  down  the  ascending  piece,  thus  penetrating  to  evei-v 
fibre  of  it.  ° 

It  may  also  be  remarked,  that  the  'above-mentioned  machines  are  not  adapted  to 
the  bleaching  of  linen  ;  for  the  latter  cloth,  not  having  the  same  elasticity  as  cotton 
if  it  should  become  tight,  would  either  be  pulled  narrow  or  torn.  ' 

In  iUustration  of  the  continuous  process  as  at  present  used,  the  plan  of  proceedine 
at  Messrs.  McNaughten,  Barton,  and  Thom's,  at  Chorley,  may  be  described. 
_  1.  In  order  that  there  may  be  no  interruption  in  the  process,  the  pieces  are  united 
m  one  contmuous  piece— each  piece  being  about  30  yards,  the  whole  varying  with  the 
weight  of  cloth— about  300  yards  long.    Each  piece  is  marked  with  the  name  of  the 
prmter.    This  is  sometimes  done  in  marking-ink  of  silver,  and  sometimes  in  coal-tar 
at  the  extremity  of  the  piece.    The  pieces  are  rapidly  tacked  together  by  girls  who 
use  m  some  establishments  a  very  simple  sewing  machine.    (See  Sewing  Machine  ^ 
J  he  whole  amount  to  be  bleached  at  a  time  is  united  in  one  piece,  and  is  drawn  from 
place  to  place  like  a  rope.  To  give  them  this  rope  form,  the  goods  are  drawn  through 
an  aperture  whose  surface  is  exceedingly  smooth,  being  generally  of  glass  or  earthen- 
ware. _  Of  these- many  are  used  in  transferring  the  cloth  from  place  to  place  Thev 
serve  instead  of  pulleys    The  cloth  when  laid  in  a  vessel  is  not  thrown  in  at  random 
h  more  easily  '°  ^  ''"'^  """^^  ^""^  ^^^er  to  penetraTe 

2.  The  pieces  are  singed. 

3.  They  are  boiled  in  the  first  kier.  In  this,  3500  lbs.  of  cloth  have  ^Afl^A  tr,  +t,„^ 
250  lbs.  of  caustic  lime,  1  lb.  of  lime  to  14  of'cloth.    The  kSircylindr  ca 

deep  and  8  feet  in  diameter;  as  much  water  is  added  as  will  cover  the  cloth  Lou 
500  gallons.    This  boiling  lasts  thirteen  hours.  ' 

is  iser'^       ^^^^^  '°       ^'^^'''^  ^"^^"^"'^  ^°<i  Young's  machine 

I0?0s''o^KTwId3i?  '  ^^^^'^'"^'^^i-        hydrochloric  acid  of  specific  gravity 

6.  The  same  amomit  of  cloth  being  supposed  to  be  used,  it  is  bucked  in  a  solntinr. 
of  soda-ash  and  resm,  170  lbs.  of  soda-ash  to  30  lbs.  of  resin.  The  boiW  In.t^ 
sixteen  hours,  the  same  amount  of  water  being  used  ^ae  Doiling  lasts 

7.  Washed  as  before. 

8.  Passed  through  chloride  of  lime,  or  chemicked.    The  cloth     Ini^  . 
wooden  cistern,  and  a  solution  of  bleaching  powder  \  '''' 
poured  over  it  and  allowed  to  run  into  a  vessef  bilow-  thkTinnr'f^"'  ^^'"^ 
pumping.    This  solution  is  about  half  a  degree  Twiddle  or  fnP^fl  by.continued 
The  cloth  lies  in  it  from  one  to  two  hours          '■^^^'^^^  or  specific  gravity  1002-5. 

9.  Washed. 

cry'stals"""'''  "  '  '^'^  ^"^^^  "^^^  of  carbonate  of  sod. 

11.  Washed. 

12.  Put  in  chloride  of  lime  as  before. 

13.  Soured,  in  hydrochloric  acid  of  1012-5  specific  gravitv  or  2'°  Tw«^^i 
U.  Lies  six  hours  on  st  llages.— A  stUlaee  is  a  kinH  nf  ill  *  1^  waddle. 

cloth  from  the  floor.  ^  ^    '  ^        °f       stool  "sed  to  protect  the 

1 5.  Washed  till  clean. 

16.  Squeezed  in  rollers. 

over  tin  cylinders  heated  by  steam. 

sometimes  dried  in  a  hydro-extractor  •  after  sSnn.M  ?  /'"^  '^^^^^  They  are 
then  washed  before  being  put  into  the  lime  kier^    ^'       ^^^'^tyfoir  hours  to  steep. 

High-pressure  Steam  Kier.  —  This  is  desia-ned'  still  f.„.fi,     x  -l 
bleaching,  and  at  the  swe  time  to  improved  *°  ^"'^^'^       Process  of 

z  3 
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Fig.  192  is  an  elevation  showing  the  arrangement  of  these  kiers  (which  are  recom- 
mended to  be  made  of  strong  boiler-plate  iron).  Ohe  of  these  is  shown  in  section, 
a  and  6  are  the  kiers  ;  c  is  a  perforated  platform,  on  which  the  goods  to  be  bowked  are 


192 


laid  ■  kkis  the  pipe  connecting  the  bottom  of  the  kier  b  with  the  top  of  the  adjoining 
kier.'a;  and  I,  I,  the  corresponding  pipe  connecting  the  opposite  ends  of  the  kiers 
a  and  6  ;  m  m  \ve  draw-off  cocks,  connected  with  the  pipes  k  and  /,  by  which  the  k.ers 
can  be  emptied  of  spent  liquor,  water,  &c. ;  n  and  o  are  ordinary  two-way  taps,  by  which 
the  steam  is  admitted  into  the  respective  kiers  from  the  mai^  p^e,  p,  and  the  reversing 
of  wHch  shuts  off  the  steam  communication,  and  admits  the  bowk.ng  liquor  as  it  be- 
comes expelled  from  the  adjoining  kier;  5  is  a blowing-off  valve  or  tap;  r  the  pipe 
thrTuRh  which  the  bowking  liquor  enters  into  the  kier;  manhole  (closed  by  two 
cross  bar!  secured  by  bolts  and  nuts)  through  which  the  goods  are  introduced  and 
removed  I'  r^  are  gauges,  by  which  it  is  ascertained  when  the  hquor  has  passed  from 

°"^TS%rotesraCtrd%?r%t^^^^^^^       as  foUows ;  it  is  the  shortest  and  simplest 

'°  r  The  box  or  water  trough  of  the  washing  machine  is  then  half  filled  with  milk 

by  steam.    When  this  is  driven  off,  and  nothing  but  steam  "ff  of  water, 

bottom,  40  lbs.  of  lime,  which  have  be«n  previously  m.xed  >^^^^^^^^^^ 
are  introduced  into  the  first  kier  in  a  boiling  state  ."'S^rP',"^^;"^     X^^^^^^^^  then 
mitted,  which  forces  the  lime  liquor  through  the  goods  to  the  bottom  ot  tne 
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up  the  tube  /,  and  on  to  the  goods  in  the  second  kier.  The  tap  is  then  closed  which 
admits  steam  into  the  first  kier,  and  the  steam  is  now  sent  into  the  second.  The  same 
process  occurs,  only  in  this  case  the  liquid  is  sent  again  on  to  the  top  of  the  goods  in 
the  first  kier.    This  process  is  continued  about  eight  hours. 

In  this  method  each  7000  lbs.  of  cloth  take  into  the  kiers  2  cwts.  of  lime,  which  is 
equally  distributed.  The  clear  lime  water  which  is  blown  out  of  the  steam  at  the 
commencement  contams  only  3  to  4  lbs.  of  lime  in  solution.  At  the  close  of  the 
operation  the  liquor  has  a  specific  gravity  of  3i  to  4°  Twaddle  (1017-5  to  1020), 
instead  of  half  that  amount,  or  1|  to  2°  Twad.  (1007  5  to  1010),  as  is  usual. 

3.  "When  the  liming  is  completed  the  steam  pressure  in  the  kiers  is  removed,  the 
mauway  opened,  the  grid  lying  above  the  cloth  removed,  and  the  cloth  in  the  kier 
attached  to  the  washing  machine,  which  draws  the  goods  out  of  the  kiers  and  washes 
them. 

4.  The  pieces  are  then  passed  by  the  winches  through  the  souring  machine,  or  soured 
by  havmg  muriatic  acid  of  2°  Twaddle  pumped  upon  them  (1010).  They  must 
remain  with  the  acid  two  to  three  hours,  either  steeped  in  it,  or  after  having  passed 
through  it.  °  ^ 

5.  Again  attach  the  cloth  to  the  washing  machine,  and  wash  it  well,  passino-  it  on 
by  winches,  as  before,  into  the  kier.  ° 

6.  Introduce  steam  and  drive  off  the  air  and  the  cold  water ;  these  are  let  out  by 
the  tap  at  the  bottom  :  add  then  224  lbs.  of  soda-ash  and  150  lbs.  of  resin,  boiled  in 
600  gallons  of  water,  for  7000  lbs.  of  cloth.  Work  the  kiers  by  driving  the  liquid 
from  one  to  the  other  as  before  ;  about  eight  hours  is  a  sufficient  time.  These  pro- 
portions of  soda  may  be  varied.  If  the  cloth  is  very  strong  a  little  more  may  be 
used  (or  if  the  cloth  has  been  printed  upon  in  the  grey  state,  from  having  been  used 
to  cover  the  blanket  of  the  calico-printing  machine). 

7.  After  this  the  cloth  is  passed  through  the  washing  machine,  and  then  submitted 
to  chloride  of  hme.  This  may  be  done  either  by  the  machine  or  by  pumpins  In 
either  case  it  is  an  advantage  to  warm  the  bleaching  liquid  up  to  80°  or  90°  F  The 
strength  of  the  solution  when  the  machine  is  used  may  be  about  A°  Twaddle  or'l002-5 
specific  gravity  ;  but  if  the  pump  is  used  it  must  be  much  weaker.  When  the'  bleachine 
IS  for  finishing  white,  milk  of  lime  is  added  to  the  chloride,  in  order  to  retard  thf 
operation;  the  goods  are  also  washed  from  the  bleaching  liquor  before  souring  them 
This  causes  a  smaller  escape  of  chlorine,  and  is  a  more  careful  method;  it  tfnds To 
preserve  the  headings,  or  the  coloured  threads,  which  are  often  put  into  the  ends  of 
pieces  of  cloth  in  order  to  see  if  the  bleaching  has  been  performed  roughly  or  not 
The  original  use  of  this  has  almost  been  forgotten,  but  these  headings  arf  stiU  0^6- 

attobTt- chSne"^"'°'  ^^'"^  l-  'p'  - 

.Jl  tlie  cloth  has  been  well  managed,  it  will  be  almost  white  when  it  leaves  the 
second  kier  contammg  the  resinate  of  soda;  it  will  therefore  require  very  IMe  de 
r^^^'  have  been  printed  on,  more  chloride  will  be  needed  Th^ 

cloth  should  he  from  two  to  eight  hours  in  the  liquor,  or  after  saturation  with  it  The 
action  IS  quickened  if  warmth  is  used.    They  are  soured  then  JZfnJl^  I'    •  . • 
and  sulphuric  acid,  at  2°  Tw.,  for  three  or  foL Tours ;  the^h  for  drying 

This  method  of  Mr.  Barlow's  is  an  undoubted  shortening  of  the  process  of  bleach 
ing  ;  eight  hours  only  of  bucking  are  found  to  be  enough,  and  thrXle  mav 
performed  by  the  help  of  the  continuous  system,  in  two  l^s     irwil7be  seen  Ihat 
firr  nrJiT'  '         this  is  equal  t^ the  proces  of 

r  Tn'yti'Sng  Vo^ToimTi:.  ^riTo^art  iS t  ^ V*  "^-"^^ 

occupy  time,  and  as  it  is  carried  on  at  thesamS.  „  Al  .i?  scarcely  be  said  to 
can  be  said  to  give  trouble.  X  work  mayTe  Sid^d  i^to  ^^^^^^^^ 

1.  Singeing. 

2.  Bowking  with  lime. 

3.  Washing,  souring,  and  washing 

4.  Bowking  with  resinate  of  soda. 

5.  Washing  and  chlorinating. 

6.  Souring  washing,  and  drying. 

process  has  been  tried  with  success  on  linen,  although  not  yet  in  active  ope- 

z  4 
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Bleaching  of  Linejj. 

Linen  contains  much  more  colouring  matter  than  cotton.  The  former  loses  nearly 
a  third  of  its  weight,  while  the  latter  loses  not  more  than  a  twentieth.  The  fibres  of 
llax  possess,  in  the  natural  condition,  a  light  grey,  yellow,  or  blond  colour.  By  the 
operation  of  rotting,  or,  as  it  is  commonly  called,  water-retting,  which  is  employed 
to  enable  the  textile  filaments  to  be  separated  from  the  boon,  or  woody  matter,  the 
colour  becomes  darker,  and,  in  consequence  probably  of  the  putrefaction  of  the  green 
matter  of  the  bark,  the  colouring  substance  appears.  Hence,  flax  prepared  without 
rotting  is  much  paler,  and  'its  colouring  matter  may  be  in  a  great  measure  removed 
by  washing  with  soap,  leaving  the  filaments  nearly  white.  Mr.  James  Lee  obtained  a 
patent  in  1812,  as  having  discovered  that  the  process  of  steeping  and  dew-retting  is 
nnnecessary,  and  that  flax  and  hemp  will  not  only  dress,  but  will  produce  an  equal  if 
not  greater  quantity  of  more  durable  fibre,  when  cleaned  in  the  dry  way.  Mr.  Lee 
stated  that,  when  liemp  or  flax  plants  are  ripe,  the  farmer  has  nothing  more  to  do 
than  to  pull,  spread,  and  dry  them  in  the  sun,  and  then  to  break  them  by  proper 
machinery.  This  promising  improvement  has  apparently  come  to  nought,  having 
been  many  years  abandoned  by  the  patentee  himself,  though  he  was  favoured  with  a 
special  Act  of  Parliament,  which  permitted  the  specification  of  his  patent  to  remain 
sealed  up  for  seven  years,  contrary  to  the  general  practice  in  such  cases. 

The  substance  which  gives  steeped  flax  its  peculiar  tint  is  insoluble  in  boiling 
water,  in  acids,  and  in  alkalis ;  but  it  possesses  the  property  of  dissolving  in  caustic 
or  carbonated  alkaline  lyes,  when  it  has  b  previous  exposu  e  been  acted  on  only  by- 
chlorine.  This  process  is  effected  in  great  measure  by  the  influence  of  air  in  combi- 
nation with  light  and  moisture  acting  on  the  linen  cloth  laid  upon  the  grass  :  but 
chlorine  hastens  the  operation.  In  no  case,  however,  is  it  possible  to  dissolve  the 
colour  completely  at  once,  but  there  must  be  many  alternate  exposures  to  oxygen  or 
chlorine,  and  allcali,  before  the  flax  becomes  white.  It  is  this  circumstance  alone 
which  renders  the  bleaching  of  linen  an  apparently  complicated  business. 

Old  Method.  —  A  parcel  of  goods  consists  of  360  pieces  of  those  linens  which  are 
called  Britannias.  Each  piece  is  35  yards  long,  and  weighs,  on  an  average,  10  lbs. ;  the 
weight  of  the  parcel  is,  in  consequence,  about  3600  lbs.  avoirdupois  weight.  The  linens 
are  first  washed,  and  then  steeped  in  waste  alkaline  lye,  as  formerly  described  under 
these  processes ;  they  then  undergo  the  following  operations :  — 

1.  Bucked  with  60  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 

2.  Ditto  80  ditto 

3.  Ditto  90  potashes 

4.  Ditto  80  ditto 

5.  Ditto  80  ditto 

6.  Ditto  50  ditto 

7.  Ditto  70  ditto 

8.  Ditto  70  ditto 

9.  Soured  one  night  in  dilute  sulj 

10.  Bucked  with  50  lbs.  pearl-ashes,  washed,  exposea  on  tne  neia. 

11.  Immersed  in  the  chloride  of  potash  or  lime  12  hours. 

12.  Boiled  with  30  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 

13.  Ditto  30  ditto  ditto       ditto  ditto. 

14.  Soured,  washed. 

The  linens  are  then  taken  to  the  rubbing-board,  and  weU  rubbed  with  a  strong 
lather  of  black  soap,  after  which  they  are  well  washed  in  pm-e  sprmg  water  At  this 
period  they  are  ca;efully  examined,  and  those  which  are  fully  bleached  are  laid 
Lwp  to  be  blued  and  made  up  for  the  market;  while  those  which  are  not  ftiUy 
Se  are  retuS  to  be  boiled,  and  steeped  in  the  chloride  of  lime  or  potash  ;  then 

^ft'h^lwToLS'e^  weight  of  alkali  is  taken  to  bleach  360  pieces  of 
linen  each  piece  consisting  of  35  yards  in  length;  so  that  the  expenditure  of  alkali 
Sd  be  somewhat  less  than  2  lbs.  for  each  piece,  were  it  not  tlia  some  parts  of  the 
Unens  are  Zt  fully  whitened,  as  above  noted.  Two  pounds  of  alkali  may  therefore 
trstated  as  the  average  quantity  employed  for  bleachmg  each  piece  of  goods 

What  ircaUed  the  old  method,  or  that  used  from  about  the  introduction  of  bleach- 
What  is  "r. .       f  Iij  century,  till  w  thin  ten  or  fifteen  years,  required 

m7nfon1h?;r\r^^^^^^  -\ich  it  was  managed  in  Ireland  and  Scot- 

days,  un^il  the  dressing  used  in  manufacturing  the  cloth  was  removed, 
a  Washed. 


ditto 

ditto 

ditto. 

ditto 

ditto 

ditto. 

ditto 

ditto 

ditto. 

ditto 

ditto 

ditto. 

ditto 

ditto 

ditto. 

ditto 

ditto 

ditto. 

ditto 

ditto 

ditto. 

luric  acid ; 

washed. 
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3.  Boiled  or  bowked  in  potash  lye,  at  ^°  Twaddle,  for  ten  hours. 

4.  Washed,  and  the  ends  turned  so  that  the  whole  might  be  equally  exposed  to 
the  ley. 

.5.  Boiled  or  bowked  in  a  similar  lye  to  the  above  for  twelve  hours. 
G.  Washed  well. 

7.  Exposed  on  the  grass  for  three  days,  and  watered. 

8.  Taken  up  and  soured  with  sulphuric  acid,  at  2°  Tw.,  for  four  hours. 

9.  Taken  up  and  washed  well. 

10.  Boiled  again  for  eight  hours  in  potash  lye,  at  1°  Tw.,  to  which  had  been  added 
black  or  soft  soap,  about  20  lbs.  to  a  kier  of  about  300  gallons. 

11.  Washed. 

12.  Crofted,  or  exposed  on  the  grass,  as  before. 

13.  Treated  with  chloride  of  lime  at  1|°  Tw.,  for  four  hours. 

14.  Washed. 

15.  Soured  in  sulphuric  acid,  at  2°  Tw.,  for  four  hours. 

16.  Washed. 

17.  Boiled  for  six  or  seven  hours  with  soap  and  lye,  using  in  this  case  more  soap 
and  one-third  less  lye  than  in  the  former  bowkings. 

18.  Drawn  out  and  put  through  rub-boards.  This  is  a  kind  of  washing  machine, 
made  of  blocks  of  wood,  with  hard-wood  teeth.  The  goods  are  washed  by  it  in  a 
soapy  liquid.    The  teeth  moving  rapidly,  drive  the  soap  into  the  cloth. 

19.  Boiled  in  the  lye  alone  for  six  hours. 

20.  Washed. 

21.  Crofted,  keeping  them  very  clean,  as  this  is  the  last  exposure. 

22.  Treated  with  chloride  of  lime. 

23.  They  are  then  starched,  blued,  and  beetled,  to  finish  them  for  the  market. 
These  operations  last  six  weeks.  • 

New  System,  as  practised  in  Scotland  and  Ireland.— Directions  given  by  an  extensive 

Bleacher. 

1.  Wash. 

2.  Boil  in  lime  water  ten  or  twelve  hours. 

3.  Sour  in  muriatic  acid,  of  2°  Tw.,  for  three,  four,  or  five  hours 

4.  Wash  well. 

5.  Boil  with  resin  and  soda-ash  twelve  hours. 

as  at  No™5*^^  ^°  ^^^^  ^®  ^*  ^gai" 

7.  Wash  weU. 

8.  Chemick,  at  f  Tw.,  or  1002-5,  four  hours. 

9.  Sour,  at  2°  Tw.,  or  1010-  specific  eravitv. 

10.  Wash.  1-        6  J 

11.  Boil  in  soda-ash  ten  hours. 

12.  Chemick  again. 

13.  Wash  and  dry. 

This  is  the  system  chiefly  adopted  when  the  goods  are  to  be  printed. 
chJf\^r?deTi°n^^^^^^^  '""^  -'^^'^ourhood  of  Perth,  where  the 

2  ThZ^lT^""^  ^P^";^''""'  tl-ey  are  put  up  into  parcels  of  about  35  cwts 

2.  They  are  then  steeped  m  lye  for  twenty-four  hours.  ' 

3.  1  hen  washed  and  spread  on  the  grass  for  about  two  days. 

4.  Boiled  in  lime  water. 

then  wfhed  ;gab.  "  '"^P"^""  ^  1010-sp.gr..  for  four  hours. 

I'  w''!*^  7''^  soda-ash  for  ten  hours  ;  110  lbs.  used. 

8.  Washed  and  spread  out  on  the  green,  or  crofted. 

9.  Boiled  again  m  soda  as  before. 

10.  Crofted  for  three  days. 

15.  Washed  and  treated  with  chloride  of  lime. 

1?:  WaXY"  "'''^  ^"'P^""'^  2°  Tw.,  or  1010-  specific  gravity. 
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If  cloths  lighter  than  sheetings  are  used,  the  washyig  liquids  are  used  weaker.  The 
great  point  is  to  observe  them  carefully  during  the  process,  in  order  to  see  what 
treatment  will  suit  them  best. 

It  will  be  seen  that  the  process  of  bleaching  linen  is  still  very  tedious;  and  although 
it  may  be  managed  in  a  fortnight,  it  is  seldom  that  this  occurs  regularly  for  a  great 
length  of  time.  The  action  of  the  light  introduces  at  once  an  uncertain  element, 
as  this  varies  so  much  in  our  climate.  If,  again,  linen  be  long  exposed  to  the 
air  in  a  moist  condition,  it  is  apt  to  become  injured  in  strength.  To  shorten  the  process, 
therefore,  is  important ;  and  if  no  injurious  agents  are  introduced,  a  shortening 
promises  also  to  give  increased  strength  to  the  fibre.  It  has  not  been  found  pos- 
sible to  introduce  chlorine  into  linen  bleaching  at  an  early  stage,  as  in  the  case 
of  cotton ;  and  the  processes  for  purifying  it  without  any  chlorine  render  it  so 
white  that  unskilled  persons  would  call  it  as  white  as  snow.  The  chlorine  is  intro- 
duced nearly  at  the  end  of  the  operation,  after  a  series  of  boilings  with  alkalis,  sour- 
ings,  and  exposures  on  the  grass.  If  introduced  at  an  earlier  stage,  the  colour  of  the 
raw  cloth  becomes  fixed,  and  cannot  be  removed.  The  techniciil  term  for  this  condition 
is  "set."  Mr.  F.  M.  Jennings,  of  Cork,  has  just  patented  a  method  which  promises 
to  obviate  the  difficulty.  The  peculiarity  consists  in  using  the  alkali  and  the  chloride 
of  alkali  at  the  same  moment,  thus  giving  the  alkali  opportunity  to_  seize  on  the 
colouring  matter  as  soon  as  the  chloride  has  acted,  and  thereby  preventing  the  forma- 
tion of  an  insoluble  compound.  He  prefers  the  chlorides  of  potash  or  soda.  His 
plan  is  as  follows  : —  . 

1.  He  soaks  the  linen  in  -water  for  about  twelve  hours,  or  boils  it  in  lime  or  alkali, 
or  alkali  with  lime,  and  then  soaks  it  in  acid,  as  he  uses  soaps  of  resin  in  other  mix- 
tures—the alkalis  being  from  3°  to  5°  Tw.,  1015-— 1025-  specific  gravity. 

2.  Boils  in  a  similar  alkaline  solution. 

4]  Puts  it  into  a  solution  of  soda,  of  .5°  Tw.,  1025- specific  gravity,  adding  chloride 
of  soda  until  it  rises  up  to  from  6°-7°  Tw.  It  is  allowed  to  remain  in  this  solution 
for  some  hours,  and  it  is  better  if  subjected  to  heatiug  or  squeezing  between  rollers, 
as  in  the  washing  machine. 

5.  He  then  soaks,  sours,  and  washes.  _ 

6  He  then  puts  it  a  second  time  into  the  solution  of  alkah  and  chloride. 

7!  Then  washes,  and  boils  again  with  soda.  These  operations,  6  and  7,  may  be 
repeated  until  the  cloth  becomes  almost  white.  .      . ,      ,       .  *i. 

The  amount  of  exposure  on  the  grass  by  this  process  is  said  to  be  not  more  than 
from  one-half  to  one-fourth  that  required  by  the  usual  method,  or  it  may  be 
managed  so  as  entirely  to  supersede  crofting.         „  „     ,     ,        ,  ^  „„ 

Chevalier  Clausen  has  opened  up  the  filaments  of  flax  by  the  evolution  of  gas  from 
a  carbonate  in  which  the  plant  is  steeped,  and  at  the  same  time  bleached  by  chloride 
of  magnesia. 

Bleaching  of  Silk. 
Silk  in  its  raw  state,  as  spun  by  the  worm,  is  either  white  or  yellow  of 
various  shades,  and  is  cohered  with  a  varnish  which  gives     ^t^^^f-f  .^^^^  a  J^^^^^^^ 
of  elasticity.    For  the  greater  number  of  purposes  to  which  silk  is  aPPlied,  ' 
LstTe  deWed  of  this  native  covering,  which  was  long  considered  to  be  a  ort 
of  gum      The  operation  by  which  this  colouring  matter  is  removed  is  cal  ed 

ESssfe«^p?is'."rM:rf  =  ^^^^^^^^ 

Agency  even  of  boiling  water  or  soap  and  water  destroys  the  br  lliancy  o^ 
w^ould'^appear,  however,  that  the  Chinese  do  not  employ       t^sl  Ly^e^"^"^^ '° 
that  is  preferable.    Probably  the  superior  beauty  of  their  white  siiU  may 
the  superiority  of  the  raw  material.  „„„«ut<:  nf  three  onerations.    For  the 

The  most  ancient  method  of  scouring  silk  eo'lS'  «      J       ?f  Xn  water  at  a 
first,  or  the  ungumminy,  th'^ty  Per  cent^  of  soap  is  d.sso^^^^^^^ 
boiling  heat;  then  the  temperature  is  lowered     .  silk  suspended 

by  withdrawing  the  fire,  or  at  least  by  damping  it    £he  hanks  ot  s.iK  s  p 
Jpon  horizontal  poles  over  the  boiler  "'"e  "7.  P^^^f^'^^j;^  °  J^^^^ 
kept  at  a  heat  somewhat  under  ebullition  which  is  P°^Volv^''a  portion 

the  soap  would  attack  the  substance  of  the  silk,  .'^"^  not  only  d.ssol^^ 
of  it,  but  deprive  the  whole  of  its  lustre.    The  portions  of  the  hanks  pmng 
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bath  get  scoured  by  degrees ;  the  varnish  and  the  colouring  matter  are  removed,  and 
the  silk  assumes  its  proper  whiteness  and  pliancy.  Whenever  this  point  is  attained, 
the  hanks  are  turned  round  upon  the  poles,  so  that  the  portion  formerly  in  the  air 
may  be  also  subjected  to  the  bath.  As  soon  as  the  whole  is  completely  ungummed, 
they  are  taken  out,  wrung  by  the  peg,  and  shaken  out ;  after  which,  the  next  step, 
called  the  boil,  is  commenced.  About  25  lbs.  or  35  lbs.  of  ungummed  silk  are  enclosed 
in  bags  of  coarse  canvas,  called  pockets,  and  put  into  a  similar  bath  with  the  pre- 
ceding, but  with  a  smaller  proportion  of  soap,  which  may  therefore  be  raised  to  the 
hoiliug  point  without  any  danger  of  destroying  the  silk.  The  ebullition  is  to  be  kept 
up  for  an  hour  and  a  half,  during  which  time  the  bags  must  be  frequently  stirred, 
lest  those  near  the  bottom  should  suffer  an  undue  degree  of  heat.  The  silk  expe- 
riences in  these  two  operations  a  loss  of  about  25  per  cent,  of  its  weight. 

The  third  and  last  scouring  operation  is  intended  to  give  the  silk  a  slight  tinge 
which  renders  the  white  more  agreeable,  and  better  adapted  to  its  various  uses  in 
trade.  In  this  way  we  distmguish  the  China  white,  which  has  a  faint  cast  of  red  the 
silver  white,  the  azure  white,  and  the  thread  white.  To  produce  these  different 
shades,  we  begin  by  preparing  a  soap-water  so  strong  as  to  lather  by  agitation  •  we 
then  add  to  it,  for  the  China  white,  a  little  aruotto,  mixing  it  carefully  in  :  and  then 
passing  the  silk  properly  through  it,  tiU  it  has  acquired  the  wished-for  tint  As  to 
the  other  shades,  we  need  only  azure  them  more  or  less  with  a  fine  indigo,  which  has 
been  previously  washed  several  times  in  hot  water,  and  reduced  to  powder  in  a 
mortar.  It  is  then  diffused  through  boiling  water,  allowed  to  settle  for  a  few  minutes 
and  the  supernatant  liquid,  which  contains  only  the  finer  particles,  is  added  to  the 
soap  bath,  in  such  proportion  as  may  be  requisite.  The  silk,  on  being  taken  out  of 
this  bath,  must  be  wrung  well,  and  stretched  upon  perches  to  dry ;  after  which  it  is 
in  roduced  into  the  sulphuring  chamber,  if  it  is  to  be  made  use  ot^in  the  whhe  state 
At  Lyons,  however,  no  soap  is  employed  at  the  third  operation;  after  the  boil  the 
Jroperiyllue'd '      '  ^'^^^^"^  thro'ugh  ver'y  clear  rivei  wter 

The  present  practice  in  the  silk- works  in  Lancashire  is  as  follows:— 

small  quantity  of  archil,  about  ^oz  to  -t  lb^        -il     Z""?      generally  added  a 

possible,  «d  ,he  sSk  is  .1  „.aTo  'LZ  TC„  ^mIT-i"  kTI-" 

requires  now  onlv  to  hp  wnci,^^  i,     .   ™  *  '^oms.     Ihis  is  the  bleaching,  and  it 

little  indigo  blue  is  used  to  give  it  Jn'.TT^  '^''^  '°         '^''^  ^^ter.  A 

has  been  Lntioned,Tetndf u'nVn  t>,r  il^.rPJT^^^       ^he  use  of  archil,  which 


cooler  temperature.    In  thiroperatZ  of  ^^'^^  at  a  still 

silk  of  China.  ^'  "P""^^'!""  mentioned  here,  is  not  necessary  for  the  white 

the^o"V°?^^^^^^^^^  are  not  subjected  to 

preserve  their  natural^tiS     wTZ^  '^^"^  ""^''^  f"*-  them  to 

the  whitest  raw  silks  of  other  co^i's  s  ee:^^^^^^^  '^f  '^^.'^^  of  China,  or 
-er,  or  in  one  containing  a  little  s^^'  Sgrm'.  I^^trTm^^h^^?^^^^^^^^^ 
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sulphur,  and  then  pass  them  through  the  azure  wj^ter.    Sometimes  this  process  is 
repeated. 

Before  the  memoir  of  M.  Roard  appeared,  extremely  vague  ideas  were  entertained 
about  the  composition  of  the  native  varnish  of  silk.  He  lias  shown  that  this  substance, 
so  far  from  being  of  a  gummy  nature,  as  had  been  believed,  may  be  rather  compared 
to  bees'  wax,  with  a  species  of  oil  and  a  colouring  matter  which  exist  only  in  raw 
silks.  It  is  contained  in  them  to  the  amount  of  from  23  to  24  per  cent.,  and  forms 
the  portion  of  weight  which  is  lost  in  the  ungumining.  It  possesses,  however,  some  of 
the  properties  of  vegetable  gums,  though  it  differs  essentially  as  to  others.  In  a  dry 
mass,  it  IS  friable  and  has  a  vitreous  fracture ;  it  is  soluble  in  water,  and  affords  a 
solution  which  lathers  like  soap ;  but  when  thrown  upon  burning  coals,  it  does  not 
soften  like  gum,  but  burns  with  the  exhalation  of  a  fetid  odour.  Its  solution,  when 
left  exposed  to  the  open  air,  is  at  first  of  a  golden  yellow,  becomes  soon  greenish,  and 
ere  long  putrefies,  as  a  solution  of  animal  matter  would  do  in  similar  circumstances. 
M.  Roard  assures  us  that  the  city  of  Lyons  alone  could  furnish  several  thousand 
quintals  of  this  substance  per  annum,  were  it  applicable  to  any  useful  purpose. 

The  yellow  varnish  is  of  a  resinous  nature,  altogether  insoluble  in  water,  very 
soluble  in  alcohol,  and  contains  a  little  volatile  oil,  which  gives  it  a  rank  smell.  The 
colour  of  this  resin  is  easily  dissipated,  either  by  exposure  to  the  sun  or  by  the  action 
of  chlorine  :  it  forms  about  one  fifty-fifth  of  its  weight. 

Bees'  wax  exists  also  in  all  the  sorts  of  silk,  even  in  that  of  China  ;  but  the  whiter 
the  filaments,  the  less  wax  do  they  contain. 

M.  Roard  has  observed  that,  if  the  silk  be  exposed  to  the  soap-baths  for  some  tune 
after  it  has  been  stripped  of  its  foreign  matters,  it  begins  to  lose  body,  and  has  its 
valuable  qualities  impaired.  It  becomes  dull,  stiff,  and  coloured  in  consequence  of 
the  solution,  more  or  less  considerable,  of  its  substance ;  a  solution  which  takes  place 
in  all  liquids,  and  even  in  boiling  water.  It  is  for  this  reason  that  silks  cannot  be 
alumed  with  heat ;  and  that  they  lose  some  of  their  lustre  in  being  dyed  brown,  a 
colour  which  requires  a  boiling  hot  bath.  The  best  mode,  therefore,  of  avoiding 
these  inconveniences,  is  to  boil  the  sUks  in  the  soap-bath  no  longer  than  is  absolutely 
necessary  for  the  scouring  process,  and  to  expose  them  in  the  various  dyeing  operations 
to  a  temperature  as  moderate  as  may  be  sufficient  to  communicate  the  colour.  When 
silks  are  to  be  dyed,  much  less  soap  should  be  used  in  the  cleansing,  and  very  little 
for  the  dark  colours.  According  to  M.  Roard,  raw  silks,  white  or  yellow,  may  be 
completely  scoured  in  one  hour,  with  1 5  lbs.  of  water  for  one  of  silk  and  a  suitable  pro- 
portion of  soap.  The  soap  and  the  silk  should  be  put  into  the  bath  ha  f  an  hour  before 
its  ebullition,  and  the  silk  should  be  turned  about  frequently.  The  dull  silks,  in 
which  the  varnish  has  already  undergone  some  alteration,  never  acquire  a  fine  white 
until  they  are  exposed  to  sulphurous  acid  gas.  Exposure  to  light  has  also  a  very 
good  effect  in  whitening  silks,  and  is  had  recourse  to,  it  is  said,  with  advantage,  by 

Ba^ml  cOTtrived  a  process  which  does  not  appear  to  have  received  the  sanction  of 
experience,  but  which  may  be  a  guide  in  the  right  way.  He  macerates  the  yellow  raw 
silk  in  a  mixture  of  alcohol  at  36°  (sp.  gr.  0837)  and  one  th.rty-second  part  of  pure 
muriatic  acid.  At  the  end  of  forty-eight  hours,  it  is  as  white  as  possible,  and  the 
more  so,  the  better  the  quality  of  silk.  The  loss  which  it  suffers  in  this  menstnmm 
^  only  one  fortieth;  showing  that  nothing  but  the  colouring  matter  ^B  ab^  acted. 
The  expense  of  this  menstruum  is  the  great  obstacle  to  Baume's  process.  The  alcohol 
howeve?,  might  be  in  a  very  great  measure  recovered,  by  saturatmg  the  acid  .Mth 
chalk,  and  redistillating. 

Bleaching  of  Wool. 
Wool  like  the  preceding  fibrous  matter,  is  covered  with  ^  P«<="Jif\:^;y°.•^^• 
which  mpSs  its  Qualities,  and  prevents  it  from  bemg  employed  m  ^™  J^^^ 
nnrnoses  to  which  it  is  weU  adapted  when  it  is  scoured.    The  English 
iTvP  theSe  S/l  and  the  French  suint,  to  that  native  coat :  it  is  a  fatty  unctuous 

1  ™oW  'it'  '"is  «f  pol««l>,  which  »onstit..K8  the  gi»Kr  P«"  f ■  "  Se  of 
,„.„,,,/ of  .«aj.  of  po,»h  ,  ^^^ 
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more  abundant  the  finer  the  staple  ;  the  loss  by  scouring  being  45  per  cent,  for  the 
finest  wools,  and  35  per  cent,  for  the  coarse. 

The  yolk,  on  account  of  its  soapy  nature,  dissolves  readily  in  -water,  with  the 
exception  of  a  little  free  fatty  matter,  which  easily  separates  from  the  filaments,  and 
remains  floating  in  the  liquor.  It  would  then  appear  sufiicient  to  expose  the  wools  to 
simple  washing  in  a  stream  of  water ;  yet  experience  shows  that  this  method  never 
answers  so  well  as  that  usually  adopted,  which  consists  in  steeping  the  wool  for  some 
time  in  simple  warm  water,  or  in  warm  water  mixed  with  a  fourth  of  stale  urine. 
From  15  to  20  minutes  of  contact  are  sufficient  in  this  case,  if  we  heat  the  bath  as 
warm  as  the  hand  can  bear  it,  and  stir  it  well  with  a  rod.  At  the  end  of  this  time 
the  wool  may  be  taken  out,  set  to  drain,  then  placed  in  large  baskets,  in  order  to  be 
completely  rinsed  in  a  stream  of  water. 

It  is  generally  supposed  that  putrid  urine  acts  on  the  wool  by  the  ammonia  which 
it  contains,  and  that  this  serves  to  saponify  the  remainder  of  the  fatty  matter  not 
combined  with  the  potash,  although  M.  VauqueUn  gave  another  opinion.  Fresh  urine 
contains  a  free  acid,  which,  by  decomposing  the  potash  soap  of  the  yolk,  counteracts 
the  scouring  operation. 

If  wools  are  better  scoured  in  a  small  quantity  of  water  than  in  a  great  stream,  we 
can  conceive  that  this  circumstance  must  depend  upon  the  nature  of  the  yolk  which, 
in  a  concentrated  solution,  acts  like  a  saponaceous  compound,  and  thus  contributes 
to  remove  the  free  fatty  particles  which  adhere  to  the  filaments.  It  should  also  be 
observed  that  too  long  a  continuance  of  the  wool  in  the  yolk  water,  hurts  its  quality 
very  much,  by  weakening  its  cohesion,  causing  the  filaments  to  swell,  and  even  to 
split.  It  is  said  then  to  have  lost  its  nerve.  Another  circumstance  in  the  scouring  of 
wool,  that  should  always  be  attended  to,  is  never  to  work  the  filaments  together  to 
such  a  degree  as  to  occasion  their  felting ;  but  in  agitating  we  must  merely  push 
them  slowly  round  in  the  vessel,  or  press  them  gently  under  the  feet.  Were  it  at  all 
felted,  it  would  neither  card  nor  spin  well. 

As  the  heat  of  boiling  water  is  apt  to  decompose  woollen  fibres,  we  should  be  careful 
never  to  raise  the  temperature  of  the  scouring  bath  to  near  this  point,  nor,  in  fact  to 
exceed  140°  F.  Some  authors  recommend  the  use  of  alkaline  or  soapy  baths  'for 
scouring  wool,  but  practical  people  do  not  deviate  from  the  method  above  described 

When  the  washing  is  completed,  all  the  wool  which  is  to  be  sent  white  into  the 
market,  must  be  exposed  to  the  action  of  sulphurous  acid,  either  in  a  liquid  or  a 
gaseous  state.  In  the  latter  case,  sulphur  is  burned  in  a  close  chamber,  in  which  the 
wools  are  hung  up  or  spread  out;  in  the  former,  the  wools  are  plunged  into  water 
moderately  impregnated  with  the  acid.  (See  Sulphuring.)  Exposure  on  the  grass 
may  also  contribute  to  the  bleaching  of  wool.  Some  fraudulent  dealers  are  accused 
increas^e°thei^°weigh  ^^'er,  in  order  to  whiten  them  and 

u*f^°°y'  f™^*™*:"  whitened  in  the  fleece,  and  sometimes  in  the  state  of  yarn  •  the 
latter  afPording  the  best  means  of  operatmg.  It  has  been  observed  that  the  wool  cut 
from  certain  parts  of  the  sheep,  especially  from  the  groin,  never  bleaches  welT 

After  sulphuring  the  wool  has  a  harsh  crispy  feel,  which  may  be  removed  bv  a 
weak  soap-bath.    To  this  also  the  wool-comber  has  recourse  when  hTwTshes  to 

and  aftpTth''  ^''^i  ^  po7ash  soap 

and  after  the  wool  is  well  soaked  in  the  warm  soap-bath,  with  gentle  pressure  he 

IZL  X  '     "  ''''  "^^^^S  tub!  and  hanS 

in  J!'n/'''"''i!°P''-^*'?°'     purifying  ^ool  are  so  blended  with  the  methods  of  weav 

flannelt  ou[  of  Ih  '.Wh'  '°  '^y'  ^ ^^aU  give  here  the  process  o?  prepTrbg 

nannels  out  of  which  the  parts  relating  to  cleansing  may  be  taken. 

1.  1  be  wool  IS  weighed  out  into  parcels  of  120  lbs.   Add,  on  an  averao-e  antnoi  iko 

This  was  introduced  by  Mr.  M'DougaU.  juacnmery  in  tnis  condition. 

2.  It  is  then  devilled  or  wiUowed,  carded,  slubbed,  and  spun 
1  he  warp  portion  is  made  at  this  stage  if  wanted.  ' 

3.  _  Scoured  in  the  warp  with  urine  and  hot  water,  occasionally  using  a  little  am- 


4.  Sized  with  a  mineral  sizing,  and  put  into  the  looms. 
>'=«Jtt.:TmtVr°"^  "■>■  '  -"■'-"•'actor.    Th»  pr„=e» 
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Skin  ■wool,  so  called,  is  taken  from  the  skin  by  r^eans  of  lime,  which  makes  tne 
oil  stiff,  forming  a  compound. 

7.  The  piece  being  now  woven  is  grey.  It  is  sent  to  the  finishing  or  fulling  mill, 
sprinkled  over  with  urine  and  pigs'  dung,  and  put  under  the  fulling  hammers  until 
equally  wet. 

8.  It  is  then  washed  out  or  scoured  with  cold  water,  raised  with  teasels,  dried  out 
of  doors  or  in  a  stove. 

Treated  a  little  differently,  accordingly  as  Welsh  or  Lancashire  is  wanted. 

9.  It  is  then  sprinkled  again  with  soap-and- water,  and  milled  one  to  two  hours  in 
the  fulling  stock. 

Three  quarters  to  1  lb.  of  soap  is  given  for  each  piece. 

1 0.  Cleared  with  cold  water. 

11.  Hung  up  wet  in  a  sulphur  stove,  several  pots  of  sulphur  lighted.  The  door  is 
shut  till  morning.  Washed  four  to  six  hours  in  cold  water,  treated  with  finely- 
ground  indigo,  dried,  and  a  little  further  raised,  pressed,  and  rolled  up  for  sale. 

If  the  flannel  is  Welsh,  it  is  dried  and  sprinkled  with  fullers'  earth  (instead  of  the 
soap-and-water  used  for  the  Lancashire),  well  milled  for  some  time,  and  then  cleared 
in  cold  water.  It  is  then  put  into  a  cistern  filled  with  water,  having  some  soap 
thrown  in  as  vcell  as  a  few  cakes  of  Prussian  blue.  This  dipping  is  repeated  three 
or  four  times,  and  between  each  the  flannel  is  milled  in  the  fulling  stock.  This 
levels  the  colour.    When  blue  enough,  the  pieces  are  dried  and  made  up  for  sale. 

It  appears  that  Welsh  flannel  is  not  sulphured ;  the  cleaning  is  done  entirely  by 
ammonia. 

Sulphuring.  —  In  the  usual  mode  of  sulphuring  the  cloth  is  hung  on  pegs  or  rails  in 
rooms  which  are  called  the  sulphur  chambers  or  stoves.  An  iron  pot  containing 
sulphur  is  placed  in  each  corner  of  the  room,  and  the  sulphur  inflamed.  The  door  is 
then  shut  and  clayed.  By  the  morning  the  process  is  finished,  and  the  door  is  opened. 
This  mode  is  objected  to,  because  the  sulphur,  not  being  properly  burnt,  lodges  in  the 
cloth,  and  acts  injuriously  on  it  in  the  processes  of  dyeing  or  printing.  Sparks  also 
are  apt  to  rise  up  and  injure  the  pieces,  the  sulphur  not  being  pure,  and  burning 
irregularly.  Drops  also  of  water  impregnated  strongly  with  sulphurous  acid  are  apt 
to  fall  from  the  roof,  doing  injury  to  the  cloth. 

To  avoid  these  inconveniences  Mr.  Thom  has  invented  a  method  by  which  the 
cloth  is  rapidly  carried  through  the  sulphuring  chamber,  and  subjected  to  the  in- 
fluence of  the  vapour  on  the  principle  of  the  washing  machine.  A  great  deal  of  time 
and  space  is  of  course  saved ;  it  is  on  the  same  principle  as  the  washing  apparatus, 
vapour  being  used  instead  of  water.  This  has  not  yet  been  applied  to  thick  woollen. 
See  Calico  Printing. 

Bleaching  of  Materials  for  Paper. 
The  bleaching  of  paper  is  conducted  on  the  same  principle  as  the  bleaching  of 
cotton.    Paper  is  made  principally  of  two  materials,  cotton  and  tiax,  generally  mixed. 
The  cotton  waste  of  the  mills,  which  is  that  inferior  portion  which  has  beconie  too 
impure  for  spinning,  or  otherwise  deteriorated,  and  cotton  rags  are  the  principal,  if 
not  the  only,  sources  of  the  cotton  used  by  paper  makers.    The  waste  is  sorted  by 
hand  the  hard  and  soft  being  separated,  and  all  accidental  mixtures  which  occur 
in  it 'are  removed.    This  is  done  at  first  roughly  on  a  large  lattice,  which  is  a 
frame  of  wire  cloth,  having  squares  of  about  three-quarters  of  an  inch  through 
which  impurities  may  fall.    It  is  then  put  into  a  duster,  which  is  a  long  rectangular 
box,  it  may  be  ten  feet  long,  lying  horizontally,  the  inside  diameter  about  two  feet, 
and  covered  with  wire  gratings  running  horizontally,  leaving  openings  of  half  an 
inch  in  width.    As  this  revolves,  the  waste  is  thrown  from  one  angle  to  the  other, 
and  throws  out  whatever  dust  or  other  material  falls  into  the  holes  or  spaces.  The 
fibrous  matter  has  little  tendency  to  separate  from  the  mass,  which  is  somewhat 
agglutinated  by  being  damp,  chiefly  from  the  oil  obtained  during  the  processes  m 
fhe  cotton  mill.    A  second  duster,  however,  is  used  to  retain  whatever  may  be  of 
value    t  is  a  k  nd  of  riddle.    It  is  then  transferred  to  the  lattices,  which  are  a  series 
of  boies  covered  with  wire  gauze,  the  meshes  of  which  are  about  half  an  inch 
lare,  and  lo  arranged  as  to  form  a  series  of  sorting  tables.    The  sorting  generaUy 
is  done  brvoun-r  women.    Each  table  has  a  large  box  or  basket  beside  it  into  which 
he  sorted  iSial  is  thrown  ;  this  is  removed  wlicn  filled  by  bemg  pushed  along  a 
railroad  or  tramway.    Pieces  of  stone,  clay,  leather,  na.l    and  otliei  articles 

are  taken  out.  The  cotton  is  then  put  into  a  devil  sm.ila r  to  tl  at  ^  »ch  ^^e^jn 
cotton  machinery,  but  having  larger,  stronger  teeth,  which  tear  it  up  into 

tgs  are  sorted  according  to  quality,  woollen  ^^^f '^"J. ^'^r;^^^ 
unavailable  material  sent  back  to  the  buyer.    They  are  then  chopped  up  by  a  Kmie, 
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on  the  circumference  of  a  heavy  wheel,  into  pieces  of  an  inch  wide,  devilled,  and 
dusted. 

The  rags  and  the  cotton  waste  are  hieached  in  a  similar  manner.  The  cotton  is 
put  into  kiers  of  ahout  ten  feet  in  diameter,  of  a  kind  similar  to  those  described, 
and  boiled  with  lime.  The  amount  of  lime  used  is  about  6  lbs.  to  a  cwt.  of 
of  cotton  or  rags,  but  this  varies  according  to  the  impurity.  The  lime  removes  a 
great  amount  of  impure  organic  matter,  and,  as  in  bleaching,  cotton  cloth  lays  hold 
of  the  fatty  matter,  of  which  there  is  a  great  deal  in  the  waste.  When  taken  out,  it  is 
allowed  to  lie  from  two  or  three  hours.  The  appearance  is  not  much  altered ;  it 
appears  as  impure  as  ever. 

It  is  then  put  into  the  rag-engine  and  washed  clean.  This  is  a  combined  washing 
machine  and  filter,  the  invention  of  Mr.  Wrigley,  near  Bury.  The  washing  may  last 
an  hour  and  a  half,  or  more.    See  Paper. 

The  cotton  has  now  a  bright  grey  colour,  and  looks  moderately  clean.  It  is  full 
of  water,  which  is  removed  by  a  hydraulic  press,  the  cotton  being  put  into  an 
iron  cylindrical  box  with  perforated  sides.  It  is  then  boiled  in  kiers  or  pufiSng 
boilers,  where  soda-ash  is  used,  at  the  rate  of  4  to  5  lbs.  a  cwt.  Only  as  much  water 
is  used  as  will  moisten  the  goods  thoroughly.  Much  water  would  weaken  the  solution 
and  render  more  soda  necessary.  It  is  then  washed  again  in  the  rag-engine  ;  after- 
wards put  into  chloride  of  lime,  acidified  as  in  cotton  bleaching,  and  washed  again  in 
the  rag-engine. 

The  cotton  rags  are  treated  in  a  similar  manner.  The  coloured  rags  are  treated 
separately,  requiring  a  different  treatment  according  to  the  amount  of  colour ;  this 
consists  chiefly  in  a  greater  use  of  chloride  of  lime. 

Some  points  relating  to  bleaching  are  necessarily  treated  of  under  Calico 
Printing. 

BLEACHING  POWDER.    Chloride  of  Lime  (which  see). 

BLEAK.  (Cyprinus  albumus.)  The  scales  of  this  fish  are  used  for  making  the 
essence  of  pearl,  or  esseytce  (Torient,  with  which  artificial  pearls  are  manufactured. 
In  the  scales  of  the  fish  the  optical  effect  is  produced  in  the  same  manner  as  in  the 
real  pearl,  the  grooves  of  the  latter  being  represented  by  the  inequalities  formed  by 
the  margms  of  the  concentric  laminae  of  which  the  scales  are  composed.  These  fish 
are  caught  in  the  Seine,  the  Loire,  the  Saone,  the  Rhine,  and  several  other  rivers 
They  are  about  four  inches  in  length,  and  are  sold  very  cheap  after  the  scales  are 
washed  off.  It  is  said  that  4000  fish  are  necessary  for  the  production  of  a  pound  of 
scales,  for  which  the  fishermen  of  the  Chalonnois  get  from  1 8  to  25  livres 


.o  uccvi  lu  lue  iiianuiacture  of  brass, 
given  the  following  analyses  of  varieties  of  blende  :— 


Sulphur. 


Zinc. 


Iron. 


Cadmium. 


Carinthia  - 
New  Hampshire  - 
New  Jersey 
Tuscany 


32'10 
32-  6 
32-22 
32-12 


64-22 
52-00 
67-46 
48-11 


1-32 
10-0 


11-44 


trace 
3-2 
trace 
1-23 


and 
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CAEDiaANSHIRE  : — 

Nantycria 
Rheidol  United 
Castell  - 
Abbey  Consols 
Lisbum  - 
Cefia  Brwyno  - 


CoRirwAix : — 

Pencorse  Consols  - 
Budnic  Consols 
Huel  Anna 
East  Huel  Falmouth - 
United  Mines 
Duke  of  Cornwall  - 
Eosewarne,  United  - 
Alfred  Consols 
Great  Huel  Baddern 
West  Huel  Jane 
Huel  Seaton  - 
North  Pool  - 
Perron  St.  George  - 
East  Alfred  Consols - 
East  Huel  Rose 
West  Huel  Towen  ■ 
Consolidated  Mines  ■ 
Nangiles  - 
Boiling  WeU  - 
North  Roskear 
Huel  Hope 


Devonshire  : — 
Silver  Brook  - 
West  CoUacombe  ■ 
Borringdon  Consols  ■ 
Huel  Carpenter 


Isle  of  Man:— 
Laxey  Mines  - 
Ballaglass 


Cumberland : — 
Alston  Moor  Mines  ■ 
Blende 
Calamine 


North  Wales:  — 
Minora  Mines  - 
Talargoch 
Bog 


1856. 


Ore. 


Tons  cwts.  qrs. 

684    7  0 
53  11  0 


264  1  0 
94  10  0 


1096    9  0 


928    3  1 

812  15  2 

106  14  3 

28  18  2 

90    3  3 

10    0  0 


110 

23 


6  1 
4  3 


144  14  0 

54    1  0 

6    0  0 

13  0 


Value. 


£      s.  d. 

2733    0  0 
133  15  0 


797  6  0 
274    1  0 


1857. 


Ore. 


Tons  cwts.  qri. 

728     6  0 

157  10  0 

26  16  3 

14    4  0 

284  11  0 

160    2  0 


3938    2    0     1371    9  3 


2093  4  10 

1938  5  7 

312  5  9 

75  1  10 

203  9  4 

15  0  0 

88  14  11 

39  0  8 


2316    4  3 


505  18  1 
99  11  2 

55    6  3 


660  16  2 


3000    2  2 


257    7  0 


794  0  0 
757  15  0 


1551  10  0 


230    7  6 
81    1  0 
9  16  10 
1  17  9 


4133    6  0 


1350  19  6 
241    8  1 

119    0  11 


1711    8  6 


10500    0  0 


499  0  0 

520  8  0 

155  2  0 

118  5  3 

96  12  0 

45  0  0 

44  6  1 

20  0  0 

33  14  2 

8  4 


Value. 


2446  9  11 
510    5  6 


97 
42 
923 
432 


4451  13  5 


7 
23 

7 

4 
31 

1 


0  0 
0  0 
7  2 


59  10  0 


1658    6  3 


730    7  2 
37    0  0 
8    0  0 


775    7  2 


2908  14  0 
8    0  0 


978    9  0 


2968  0  0 
2784    0  0 


2916  14  0 


374  8  0 
117  6 


491  14  0 


1643 
1522 
438 
418 
182 
101 
66 
35 
26 
14 
12 
11 

n 

7 
4 
1 

200 


15  9 

4  0 
2  8 
6  U 
9  5 

5  0 
12  0 

0  0 

9  8 

0  0 

0  0 


12 
0 
18 


13  0 
7  1 
0  0 


4696  16  4 


2343  15  2 
120    5  0 
14    8  0 


2478    8  2 


10739    4  2 
32    0  0 


10771    4  2 


562  10  0 
134  11  0 


697    1  0 


5752    0  0 


618  15  0 
1398  14  0 
12  10  0 


2059  19  0 


2953  18  4 
4893  10  6 
40    0  0 

7887    8  10 
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Cardiganshire  - 
Cornwall 
Devonshire 
Isle  of  Man 
Cumberland 
North  AVales  ~ 

Total  - 


1866. 

1857. 

Ore. 

Value. 

Ore. 

A'alue.  ■ 

Tons  cwts.  qrs. 

1096  9  0 
2316     4  3 

660  16  2 
3000    2  2 

257  7  0 
1551  10  0 

£       s.  d. 

3958    2  0 
4133    6  0 
1711    8  6 
10500    0  0 
978    9  0 
5752    0  0 

Tons  cwts.  qrs. 

1371  9  3 
1658    6  3 

775  7  2 
2916  14  0 

491  14  0 
2059  19  0 

£       s.  d. 

4451  13  5 
4696  16  4 
2478    8  2 
10771    4  2 
697    1  0 
7887    8  10 

8882    9  3 

27033    5  6 

9226  11  0 

30982  11  11 

i.±jix-.±y  y^Kjt^L,,  a  name  given  to  ANTHRACITE  (which  see). 

BLOCK  MANUFACTURE  Though  the  making  of  ships'  blocks  belongs  rather 
to  a  dictionary  of  engmeermg  than  of  manufactures,  it  may  be  expected  that  some 
account  should  be  given  of  the  automatic  machinery  for  making  blocks,  so  admirably 
pXmomS.  ^      ^  ^''"^'^  ^^^y-  dockyard  of 

The  series  of  machines  and  operations  are  as  follows  •  — 

""^^^  Pl'^ced  horizontally  on  a  very  low 

bench,  which  IS  continued  through  the  window  of  the  mill  into  the  yard.  The  sZ 
1  f    *^irf  -^'^iaed.    It  is  let  doln,  and  suffered 

to  rest  with  Its  teeth  upon  the  log,  the  back  still  being  in  the  cleft  of  the  guide  The 
crank  being  set  in  motion,  the  saw  reciprocates  backwards  and  forwards  wUh  ^xact  v 
wllTtr  T  ^  carpenter,  and  quickly  cuts  through  the  tree 

When  It  first  begins  to  cut,  its  back  is  in  the  cleft  in  the  g^ide,  and  th"s  causes  to 
Z7o^:- 1  '-f"  if  V^°?  '  ^"^^'^^"'•^    sets  out  of  the  guide!  it  i  so  deep  inle  wood 

dfv^rtfdtorsr^r'bTtr^^^^^^ 

through  the  tree  its  handle  is/ca^u'lhJTnTfixe^rp.  to^^Je^^e  f  Us'cIttSS  ttbench 

pinions,  working  a  pair  of  racks  fixed  7^  two  L„/nZ     Thl    ^  T' 
winches  are  fixed  in  two  vertical  Zlinl  spindles  of  these 

One  of  these  pairs  of  ^oler  olnlll't^;  rh'jttrreTnd'o^f  the^  ul^J  frZe"  T'' 
fore,  by  turning  the  handle  belonging  to  them  the  frame  anri  ,  ^1 

pressed;  in  like  manner,  the  othef  pfir  is  .Zo^el  t^the  lower  plr'f  AeTw  ^ 
so  that  the  saw  can  be  moved  sidewise  by  means  of  their  hTdfes  wbtl! 
the  saw  from  its  vertical  position.  "^^eir  nandles,  which  then  swing 

These  two  handles  give  the  attendant  a  complete  commanH  nf 

Sn^KJdJSr£:'^:ii^-S^ 

the  upper  side;  he  then  rpr  sse  the  SwT/ e^^^^^^^^ 

lastly  a  trifling  cut  of  the  saw  at  the  InwTr t^H.  ^^^If  through  the  next  side ;  and 
then  advanced  to  take  another  cut  '  ""'"P^'^'^^y  divides  the  tree,  which  is 

The  great  reciprocating  saw  is  on  the  same  princinle     fh^  -u  ■ 

use  m  America.  pnucipie  as  the  saw  mill  in  common 

f  e  ^af  Ji;^^^^  w^h  teeth  similar  to 

nrinlrr,  "'  t'lM^J.  ''"'ough  a  crevice 


proper  collars  has  a  rapid  ^;rator;'3o/cornm^^^^^  ff''  ^""^  ^"Pportedl 

^te  end,  round  which  ai  endless  sKis  DasseTfm,^  fi  oppo- 
Jfl^f  Wock  cut  by  the  preceding  maSTo^^^^^^^ 

or  thes-des  fiat  upon  the  benfh,  and  ^ :  f^^^^Zlf:::^^ 
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^^•hich  cuts  the  ^vood  with  a  rapidity  incredible  to  anyone  ^.bo  has  not  seen  these  or 

^'"'f^'hTri^machine  -  The  blocks  prepared  by  the  foregoing  saws  are  placed  in  the 
niachSe  l^reseSiny?,.  193.    This  n>achine  has  an  iron  frame,  A  A.  wUh  three 


legs,  beneath  which  the  block  l^^^^:^,'^^^^^^  rers^.'rd'.!"^ TMs  ^^^^^^ 
upon  it,  confines  itprecisely  in  the  proper  spo^^^^^^^^  point  of  the 

is  determined  by  a  piece  of  '^^^f  ^^^^J  P'/^  ^  S  Piece  of  metal  adjusts  the  position 
borer  E,  shown  separately  ?°  f  ?  g^^f^fe^  re  tfng  on  the  head  of  the  screw  x, 
for  the  borer  d,  and  its  height  '^/^S^'^'^^^  The  sides  of  the  block  are  kept  m  a 
which  fastens  Ae  piece  x  do^^  to  thy  ame  ^^^^^  ^^^^^^  ^^^p^^  .^^^ 

parallel  position,  by  being  ^PPl^f^^^^'ifa'dapted  to  bore  the  hole  for  the  centre  pm 
double  leg  of  the  frame  a.    The  borer  d  is  aa^  .^^^  ^^^^^ 

in  a  direction  exactly  perpend^c'^^^^^^^  tie  „ncement^of  Ihe  sheave  holes.  Both 
the  other,  at  e,  perforates       holes  tor^ne  ^^^^^^^  ^^^^  ^^^  ^^^^  of 

borers  are  constructed  in  nearly  the  s^™^  manne  ,      y     ^^^^  ^ 
small  mandrels,  ^"^-^^f.^^f^X  eS^  of  he  flat  broad  bars,  i  and  k.    The  former 
fitted  with  sliders  upon  f  e^^S^^^^^^        latter  is  fixed  upon  a  frame  of  its  own, 
of  these  is  screwed  fast  the  principal  frame  of  the  machme.  By 

.noving  on  the  centre  «"-7^fJ;^;rwltS  certain  limits,  so  as  to  bore  holes  in  dil- 
this  means  the  borer  e  can     moved  witm  ^^^^  ,3  at 

ferent  positions.    These  limits  are  determmea  Y  ,  ^^.^  tapped  through  fixed 

a;  the  other  being  on  the  opposite  side  is  ■     '      ^gtal,  from  the  under 

pieces  projecting  up  from  the  frame.  P  "Jf^^^^ePds  of  these  screws,  to  limit  the 
^■drof'thi  slide?  K  of  ^^-^or%.^Sv  bffio  Ss  are  brought  up  towards  the  block 

?J=5£:e^sTand^r 

the  Spindles.  -heautiful  piece  of  mechanism,  but  too  complicated  for 

5   The  mortising  machine  is  a  o^autirui  piti.« 
de  criptionwithin^he  limits  prescribed  to  th^^^^^^  ^  ^T.  Vme 

The  corner  saw,  Jig.  194,  c^'J^^;/^^  ^Td  of  it.    This  mandrel  and  .ts  frame 
.arrying  a  circular  saw  l  upon  the  extreme  cu 
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being  exactly  similar  to  those  at  o  and  H,yi^.  193,  do  not  require  a  separate  view, 
although  they  are  hidden  behind  the  saw,  except  the  end  of  the  screw,  marked  a.  This 
frame  is  screwed  down  upon  the  frame  b  b  of  the  machine,  which  is  supported  upon 
four  columns,  c  c,  d  d,  is  an  inclined  bench,  or  a  kind  of  trough,  in  which  a  block  is 
laid,  as  at  e,  bei^g  supported  on  its  edge  by  the  plane  c  c  of  this  bench,  and  its  end 
kept  up  to  its  position  by  the  other  part  of  the  bench  D  D. 

By  sliding  the  block  along  this  bench,  it  is  applied  to  the  saw,  which  cuts  off  its 
angles,  as  is  evident  from  the  figure,  and  prepares  it  for  the  shaping  engine.  All  the 
four  angles  are  cut  off  in  succession,  by  applying  its  different  sides  to  the  trough  or 
bench.  In  the  figure,  two  of  them  are  drawn  as  being  cut,  and  the  third  is  just  marked 
by  the  saw.  This  machine  is  readUy  adapted  to  different  sizes  of  blocks,  by  the  simple 
expedient  of  laying  pieces  of  wood  of  different  thickness  against  the  plane  d  d,  so  as  to 
fill  It  up,  and  keep  the  block  nearer  to  or  farther  from  the  saw  ;  for  all  the  blocks  are 
required  to  be  cut  at  the  same  angle,  though,  of  course,  a  larger  piece  is  to  be  cut 
from  large  than  from  small  blocks.  The 
block  reduced  to  the  state  of  e  is  now 
taken  to. 

7.  77(6  shaping  machine.  —  A  great 
deal  of  the  apparent  complication  of  this 
figure  arises  from  the  iron  cage  which 
is  provided  to  defend  the  workmen,  lest 
the  blocks,  which  are  revolving  in  the 
circles  or  chuck  with  an  immense 
velocity,  should  be  loosened  by  the  ac- 
tion of  the  tool,  and  fly  out  "by  their 
centrifugal  force.  Without  this  provi- 
sion, the  consequences  of  such  an  acci- 
dent would  be  dreadful,  as  the  blocks 
would  be  projected  in  all  directions, 
with  an  inconceivable  force. 

8.  The  scoring  engine  receives  two 

blocks  as  they  come  from  the  shaping 

engine,  and  forms  the  groove  round 

the  longest  diameters  for  the  reception 

of  their  ropes  or  straps,  as  represented 

in  the  two  snatch  blocks  and  double 

block,  under  Jigs.  193,  194. 

A,  B,  fig.  195,  represent  the  above 

two  blocks,  each  held  between  two  small 

pillars  a  (the  other  pillar  is  hid  behind 

the  block),  fixed  in  a  strong  plate  d,  and 

pressed  against  the  pillars  by  a  screw  6, 

which  acts  on  a  clamp  d.    Over  the 

blocks  a  pair  of  circular  planes  or  cut- 
ters, E  E,  are  situated,  both  being  fixed 

on  the  same  spindle,  which  is  turned  by  a  pulley  in  the  middle  of  it.  The  snindle  is 
S   /  "'T^^^^  «     «o  as  to  rise  and  fall  when  moved  bv  ^ 

1  cut4  reifedT      "^^''T  ""^'^  deptirwhic^  Zy 

the  blocks    Unoffhi^  ^  '^T-^'  ^^^^  "Poi^  the  plate  d,  between 

nw;      V,  .     ?  '^^''^  ^  •"''■^ed  piece  of  metal  h,  fixed  to  the  frame  f  and 

eSW  tL"l  r^^^^^        'f'^-  J°  ^'^^  to  tverTe  tL"' o^^ 

balance  thrcutters  &^    Tbp^   /^^^    ^      ^ '°  P''°'^"^'^^  ^'^^  a  counterpoise  to 

manner  of  a  plane  iron  before  itsTac'e     ^  ^        ^  '  °^ 

up  again'st  it^  so  LTust  to  2dle  b  ode  bT  TZT^T^  ? ^  ""'T^ 
as  is  seen  in  the  figure,  each  furnished  with  .IL  •      J^?  °''''"P  ^''^  <^laws, 

made  in  the  end^  of  the  b  ock      Thpt  '1^ 

suchasegmentof  each  as  wm  just  mrntTeW^^^^^  "T^''  ""'^ 

taken  out  to  admit  the  cutter  to^lT^.^^^^^        tLT^^,  'r/uttS: 
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•blocks  into  this  machine,  the  workman  applies  the  double  prints  to  the  ends  of  the 
claws  of  the  clamps,  but  takes  care  that  the  blocks  aYe  higher  between  the  pins  a  than 
they  should  be;  he  then  takes  the  handle/,  and  by  it  presses  the  cutters  e  e  (which 
we  suppose  are  standing  still)  down  upon  the  blocks,  depressing  them  between  their 
pins  at  the  same  time,  till  the  descent  of  the  cutters  is  stopped  by  the  piece  h  resting 
on  the  shape  </.  He  now  turns  the  screws  b  b,  to  fix  the  blocks  tight.  The  cutters 
being  put  in  motion  cut  the  scores,  which  will  be  plainly  seen  by  the  mode  of  adjust- 
ment just  described,  to  be  of  no  depth  at  the  pin-hole ;  but  by  depressing  the  handle  L, 
so  as  to  incline  the  blocks,  and  keeping  the  cutters  down  upon  their  shape  g,  by  the 
handle/,  they  will  cut  any  depth  towards  the  ends  of  the  blocks,  which  the  shape  g 

"'^B  V  *this  means  one  quarter  of  the  score  is  formed ;  the  other  is  done  by  turning  both 
blocks  together  half  round  in  this  manner.  The  centres  I  are  not  fitted  into  the  plate  d 
itself,  but  into  a  frame  seen  at  r  beneath  the  plate,  which  is  connected  with  it  by  a 
centre  pin,  exactly  midway  between  the  two  blocks  A  B.  A  spring  catch,  the  end  of 
which  is  seen  at  r,  confines  them  together ;  when  this  catch  is  pressed  back,  the  plate  d 
can  be  turned  about  upon  its  centre  pin,  so  as  to  change  the  blocks,  end  for  end,  and 
bring  the  unscored  quarters  (t.  e.  over  the  clamps)  beneath  the  cutters  ;  the  workman 
taking  the  handles  /"and  l,  one  in  each  hand,  and,  pressing  them  down,  cuts  out  the 
second  quarter.  This  might  have  been  effected  by  simply  lifting  up  the  handle  l  ; 
but  in  that  case  the  cutter  would  have  struck  against  the  grain  of  the  wood  so  as  to 
cut  rather  roughly  ;  but  by  this  ingenious  device  of  reversmg  the  blocks,  it  always 
cuts  clean  and  smooth,  in  the  direction  of  the  grain.  The  third  and  fomth  quarters 
of  the  score  are  cut  by  turning  the  other  sidas  of  the  blocks  upwards,  and  repeating 
the  above  operation.  The  shape  g  can  be  removed,  and  another  put  in  its  place,  for 
different  sizes  and  curves  of  blocks ;  but  the  pins  a  and  holding  clamps  d  will  suit 

many  different  sizes.  ,    ,    ^       i  j 

Bv  these  machines  the  shells  of  the  blocks  are  completely  formed,  and  they  are 
next  polished  and  finished  by  hand  labour;  but  as  this  is  performed  by  tools  and 
methods  which  are  weU  known,  it  is  needless  to  enter  into  any  explanation:  the 
finishing  required  being  only  a  smoothing  of  the  surfaces.  The  machines  cut  so  per- 
fectly  ti-ue  as  to  requir!  no  wood  to  be  removed  in  the  finishing  ;  but  as  they  cut 
wkhout  regard  to  the  irregularity  of  the  grain,  knots.  &c.,  it  happens  that  many  parts 
Ire  not  so  Smooth  as  might  be  wished,  and  for  this  purpose  manual  labour  alone  can 

^^The^Hgnin  vitffi  for  the  sheaves  of  the  blocks  is  cut  across  the  grain  of  the  wo(^ 
bv  two  cross-cutting  saws,  a  circular  and  straight  saw,  as  before  mentioned  These 
macWnes  do  not  essentialiy  differ  in  their  principle  from  the  great  cross-cuttmg  saws 
we  live  described,  except'that  the  wood  revolves  whde  cutting  so  that  a  smaU  saw 
will  reach  the  centre  of  a  large  tree,  and  at  the  same  time  cut  it  truly  flat.  Ihese 
machines  cut  off  their  plates  from  the  end  of  a  tree  which  are  exactly  the  thickness  for 
Te  intended  sSeave.  ^  These  pieces  are  of  an  irregular  figure,  and  must  be  rounded 

^1.^StJL^^«:°iI^r:p™ted  in/,.  196,  where  .  is  a  pulley  revolving  by 
the  saw  sufficient  stability  to  perform  its  office.    Both  the  pulleys  and  saw  revolve 

tube  as  an  axis  the  saw  and  pulley  turn, 
and  may  be  slid  endwise  by  a  collar  fitted 
round  the  centre  piece  of  the  pulley,  and 
1  having  two  iron  rods  (only  one  of  which 
can  be  seen  at  d  in  the  figure),  passing 
through  holes  made  through  the  flanch 
and  puppet  b.  When  the  saw  is  drawn 
back  upon  its  central  tube,  the  end  of  the 
latter  projects  beyond  the  teeth  of  the 
saw.  It  is  by  means  of  this  fixed  ring  or 
tube  within  the  saw,  that  the  piece  of  wood 
e  is  supported  together  during  the  opera- 
tion of  sawing,  being  pressed  forcibly 
against  it  by  a  screw  d,  acting  through  a 
puppet  fixed  to  the  frame  of  the  machine. 
At  the  end  of  this  screw  is  a  cup  or  basin 
which  applies  itself  to  the  piece  of  wood, 
so  as  to  form  a  kind  of  vice,  one  side  being 
the  end  of  the  fixed  tube,  the  other  the  cup 
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the  end  of  the  screw  d.  Within  the  tube  i  is  a  collar  for  supporting  a  ceutral  axis, 
which  is  perfectly  cylindrical.  The  other  end  of  this  axis  (seen  at  /)  turns  in  a 
collar  of  the  fixed  puppet  b.  The  central  axis  has  a  pulley  f,  fixed  on  it,  and  giving 
it  motion  by  a  strap  similar  to  the  other.  Close  to  the  latter  pulley  a  collar  g  is  fitted 
on  the  centre  piece  of  the  pulley,  so  as  to  slip  round  freely,  but  at  the  same  time  con- 
fined to  move  endwise  with  the  pulley  and  its  collar.  This  collar  receives  the  ends 
of  the  two  iron  rods  d.  The  opposite  ends  of  these  rods  are,  as  above  mentioned, 
connected  by  a  similar  collar,  with  the  pulley  A  of  the  saw  a.  By  this  connection, 
both  the  centre  bit,  which  is  screwed  into  the  end  of  the  central  axis  and  the  saw 
sliding  upon  the  fixed  tube  b,  are  brought  forward  to  the  wood  at  the  same  time,  both 
being  in  rapid  motion  by  their  respective  pulleys. 

10.  Thecoaking  engine.  — This  ingenious  piece  of  machinery  is  used  to  cut  the 
three  semi-circular  holes  which  surround  the  hole  bored  by  the  crown  saw,  so  as  to 
produce  a  cavity  in  the  centre  of  the  disc. 

_  11.  Face-turnivg  lathe. —The  sheave  is  fixed  against  a  flat  chuck,  similar  to  that 
m  the  coakmg  engme,  except  that  the  centre  pin  instead  of  having  a  nut  is  tapped 
mto  the  flat  chuck,  and  turned  by  a  screwdriver. 

"^T^-T/'f  ^  l^*  ?f  ^""'^  ^^"'^^  machinery  has  since  been  made,  by  Messrs.  Maudslay 
and  tield,  for  the  Spanish  Government,  from  the  original  drawings  and  modils 

Iron  blocks  and  sheaves  have  been  introduced  with  great  advantage  by  Messrs. 
ISrown  and  Lenox,  and  are  used  extensively  in  the  naval  and  merchant  services.  See 
Malleable  Iron. 

BLOCK  TIN    Metallic  tin  cast  into  a  block,  the  weight  of  which  is  now  about 
'      \  Formerly,  when  it  was  the  custom  to  carry  the  blocks  of  tin  on  the  backs  of 
mules,  the  block  was  regulated  by  what  was  then  considered  to  be  a  load  for  the  mule, 
n  ?4™    ^^f  °f  increased  in  size,  and  made  as  much 

as  two  men  could  lift,  or  3  cwts.    It  was  the  custom  to  order  so  many  blocks  of  tin. 

sSld  weighing  3' cw?;.  "''^"''^^  ''''  "^"^^  l'^-'"  -'^ 

BLOOD  (Sang,  Fr. ;  Blnf,  Germ.)  The  liquid  which  circulates  in  the  arteries 
^^tl  I  ^T'^''^'  '•  ^"Sht  red  in  the  former  and  purple  in  the  latter,  among  aU  the 
consTsts"  Tof7.ol''"'i'  'V°'^«''^"^Wy  higher  than  that  of  the  atoosphl^  It 
T  ^f  llr  1  CO  ourless  transparent  solution  of  several  substances  in  water  •  and 
2,  of  red  undissolved  particles  diflTused  through  that  solution.  Its  specific  ^mvitv 
vanes  with  the  nature  and  health  of  the  animal,  being  from  1  0527  to  1^0570  a?60°  P 
Jrawn taste,  and  a  smell  peculiar  to  each  animal  When  fresh 
drawn  from  the  vessels,  it  rapidly  coagulates  into  a  gelatinous  mass  called  the  clot 
cruor,  or  crassamentum,  from  which,  atter  some  time,  I  pale^e  l^fl^id  passinlfnto 
yellowish-green,  oozes  forth,  called  the  serum.    If  the  ^arm^b  ood  be  swiSS 

bonate  of  soda,  4  of  an  animal  ma?t:r:ofub?el°^atr  'al^^^^^^^^^  romfs'au'andT';- 
The  specific  gravity  of  the  serum  varies  from  l-O''?  to  i -npf  ^  t?/"'"®  ^'V'^  ^"."l  ^^t. 
fourths  of  the  weight  of  the  blood,  has  an  XalLe^eaction  cWulSeTa^  f^^^^^^^ 

J^i^g^l^trcZ-^atSS^f-'--  "^^^  cruor  by 

evaporation  att  heat  of  1300  ^140°  Tnd  in  tWs'  F^Tl'  ^l^'  "^^^^  ^"-'^d  b^ 
colonies  for  purifying  cane  iuL     Tt  ^=  .    •       /  ^ -^^^  transported  to  the 

coarse  pigmeLfo'r  p^ro  ect  ng  r^^^  "T'''  ^^^'^ 

the  Prussian-blue  works,  and  by  an  afrr-nrocT^f  n  4  ^"""^^^'^g  a°™al  charcoal  in 

^'^MTp^,"aST??5?fT^v  bU?- rrow:w:itrJur^ 

Yoo.p:iira^^^^^  colounng  matter  of 

(which  must  be  received  warm)  to  be  cauffht  hi  ,  '^^'^""."'ends  the  blood 

to  20  lbs.  of  blood,  to  stand  at  re Sfrom  tw^  to  sS  hoi^^^nnT  ^om  14  lbs. 

the  nature  of  the  blood ;  then  the  clJis  senara  ed^v^f  ^,'=«?'-d'Dg  to  the  weather  and 
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By  these  operations  there  are  obtained  readily  from  the  blood  —  1  st,  the  clot,  in  a 
comparatively  dry  state,  comprising  hematosine,  with  a  portion  of  serum  and  all  the 
fibrine  ;  2nd,  a  portion  of  serum,  highly  coloured  -with  hematosine  ;  3rd,  the  clear 
serum. 

The  blood,  in  small  fragments,  is  dried  on  -wirework  or  trays,  at  a  less  temperature 
than  will  coagulate  the  hematosine,  so  that,  when  dry,  it  may  be  soluble  in  water;  110° 
to  115°  is  the  temperature  recommended.  The  second  or  highly  coloured  serum  can 
be  dried  by  itself  or  mixed  with  the  serum,  and  may  be  used  for  sugar  refining  and 
in  dyeing. 

The  clear  serum  is  dried  and  ground  and  in  a  fit  state  to  be  used  as  albumen,  and 
may  be  employed  by  the  printers  of  textile  fabrics  for  fixing  ultramarine  blue  and  other 
colours,  or  as  a  substitute  for  egg  albumen,  both  in  printing  colours  and  in  refining 
liquids. 

Instead  of  drying  at  once  the  clear  serum,  it  may  be  mixed  with  \  per  cent,  of  oil 
of  turpentine.  Other  vegetable  and,  particularly,  volatile  oils  are  also  suitable,  prefer- 
ring those  that  have  been  exposed  to  the  air;  from  10  to  20  per  cent,  of  water, 
iiltramarine,  suitable  colours,  or  thickening,  may  be  added,  taking  care  that  under  no 
circumstance  is  it  to  be  exposed  to  a  heat  high  enough  to  coagulate  it  while  in  the 
drying  room. 

BLOODSTONE.  A  very  hard,  compact  variety  of  haematite  iron  ore,  which, 
when  reduced  to  a  suitable  form,  fixed  into  a  handle,  and  well  polished,  forms  the  best 
description  of  burnisher  for  producing  a  high  lustre  on  gilt  coat-buttons.  The  gold 
on  china  is  burnished  by  the  same  means. — Knight. 

Bloodstone  is  a  name  also  applied  to  the  jaspery  variety  of  quartz  known  as  the 
heliotrope,  coloured  deep-green,  with  interspersed  blood-red  spots  like  drops  of  blood. 
— Dana. 

BLOWING  MACHINE.  See  Iron,  Metallurgt,  Ventilation. 
BLOWPIPE.  (^ChalumeaUjFr.;  Lothrohr,  Germ.)  Jewellers,  mineralogists,  che- 
mists, enamellers,  &c.,  make  frequent  use  of  a  tube, — usually 
bent  near  the  end, — terminated  witli  a  finely  pointed  nozzle, 
for  blowing  through  the  flame  of  a  lamp,  candle,  or  gas  jet, 
and  producing  thereby  a  small  conical  flame  possessing  a 
very  intense  heat. 

The  blowpipe  is  so  extremely  useful  to  the  manufacturer 
and  to  the  miner  that  a  more  exact  description  of  the  instru- 
ment is  required.  . 

When  we  propel  a  flame  by  means  of  a  current  of  air 
blown  into  or  upon  it,  the  flame  thus  produced  may  be 
divided  into  two  parts,  as  possessing  different  properties  — 
that  of  reducing  under  one  condition  and  of  oxidising  under 
another,  . 

The  reducing  flame  is  produced  by  blowing  the  ordinary 
flame  of  a  lamp  or  candle  simply  aside  by  a  weak  current  of 
air  impinging  on  its  outer  surface;  it  is  therefore  unchanged 
except  in  its  direction.  Unconsumed  carbon,  at  a  white  heat, 
giving  the  yellow  colour  to  the  flame,  coming  in  contact 
with  the  substance  aids  in  its  reduction. 

The  oxidising  flame  is  formed  by  pouring  a  strong  blast 
of  air  into  the  interior  of  the  flame  ;  combustion  is  thus 
thoroughly  established,  and  if  a  smaU  fragment  of  an  oxi- 
disable  body  is  held  just  beyond  the  point  of  the  flame,  it 
becomes  intensely  heated,  and,  being  exposed  freely  to  the 
action  of  the  surrounding  air,  it  is  rapidly  oxidised 

The  best  form  of  blowpipe  is  the  annexed  Lfig-}^n  ch, 
with  the  description,  is  copied  from  B  andford  s  excellent 
translation  of  Dr.  Theodore  Scheerer's  "  Introduction  to  the 
Use  of  the  Mouth  Blowpipe." 

The  tube  and  nozzle  of  the  instrument  are  usually  made 
of  German  silver,  or  silver  with  a  platinum  PO";^'; 
trumpet-shaped  mouth-piece  of  horn  or  ivory.   Many  blow 
pip's'ha^e  no  mouth-p'ieces  of  this  form  but  are  sun 
tinned  with  ivory,  or  some  similar  material.     The  air- 
chrmber  A  serves^in  some  degree  to  regulate  the  blast  and 
rpr^ves  the  stem,  B,  and  the  nozzle,  a,  which  are  made 
s Sarately  andTccu;ately  ground  into  it,  so  that  they  ma^ 
be  nut  Sether  or  taken  apart  at  pleasure.    The  po mt  6 
Ssrldf  of  platinum,  to  allow  of  its  being  readily  cleaned 
and  is  of  the  form  shown  in  the  woodc'ut.    When  the  instrument  is  used,  the  mouth 
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piece  is  pressed  against  the  lips,  or,  if  this  is  wanting,  the  end  of  the  stem  must  be 
held  between  the  lips  of  the  operator.  The  former  mode  is  far  less  wearying  than  the 
latter ;  and  whereas,  with  the  trumpet  mouth-piece,  it  is  easy  to  maintain  a  continued 
blast  for  five  or  ten  minutes,  without  it  it  is  almost  impossible  to  sustain  an  unbroken 
blast  of  more  than  two  or  three  minutes'  duration.  While  blowing,  the  operator 
breathes  through  his  nostrils  only,  and,  using  the  epiglottis  as  a  valve,  forces  the  air 
through  the  blowpipe  by  means  of  the  cheek  muscles. 

Some  years  since,  Mr.  John  Prideaux,  of  Plymouth,  printed  some  valuable  "  Sug- 
gestions "  for  the  use  of  the  blowpipe  by  working  miners.  Some  portions  of  this 
paper  appear  so  useful,  especially  under  circumstances  which  may  preclude  the  use  of 
superior  instruments,  &c.,  that  it  is  thought  advisable  to  transfer  them  to  these  pages. 

For  ordinary  metallurgic  assays,  the  common  blowpipe  does  very  well.  A  mere 
tapering  tube,  10  inches  long,  ^  inch  diameter  at  one  end,  and  the  opening  at  the 
other  scarcely  equal  to  admit  a  pin  of  the  smallest  kind,  the  smaller  end  curved  off  for 
li  inch  to  a  right  angle.  A  bulb  at  the  bend,  to  contain  the  vapour  condensed  from 
the  breath,  is  useful  in  long  operations,  but  may  generally  be  dispensed  with.  In 
selecting  the  blowpipe,  the  small  aperture  should  be  chosen  perfectly  round  and 
smooth,  otherwise  it  will  not  command  a  good  flame. 

A  common  candle,  such  as  the  miner  employs  under  ground,  answers  very  well  for 
the  flame. 

To  support  the  subject  of  assay,  or  "  the  assay,"  as  it  has  been  happily  denomi- 
nated by  Mr.  Children,  two  different  materials  are  requisite,  according  as  we  wish  to 
calcine  or  reduce  it.  For  the  latter  purpose,  nothing  is  so  good  as  charcoal ;  but  that 
from  oak  is  less  eligible,  both  from  its  inferior  combustibility  and  fi-om  its  containing 
iron,  than  that  from  alder,  willow,  or  other  light  woods. 

For  calcination,  a  very  convenient  support,  where  platinum  wire  is  diflicult  to  pro- 
cure, is  white-baked  pipeclay  or  china  clay,  selecting  such  as  will  not  fuse  nor  become 
coloured  by  roasting  with  borax. 

These  supports  are  conveniently  formed  by  a  process  of  Mr.  Tennant.  The  clay 
is  to  be  beaten  to  a  smooth  stiff  body,  then  a  thin  cake  of  it,  being  placed  between  a 
fold  of  writing  paper,  it  is  to  be  beaten  out  with  a  mallet  to  the  thickness  of  a  wafer, 
and  cut,  paper  and  all,  into  squares  of  §ths  inch  diameter,  or  triangles  about  the  same 
size.  These  are  to  be  put  in  the  bowl  of  a  tobacco-pipe,  and  heated  gently  till  dry, 
then  baked  till  the  paper  is  burnt  away,  and  the  clay  left  perfectly  white.  They 
should  be  baked  in  a  clear  fire,  to  keep  out  coal  dust  and  smoke  as  much  as  possible, 
as  either  of  these  adhering  to  the  clay  plates  would  colour  the  borax  in  roasting.  A 
small  fragment  of  the  bowl  of  a  new  tobacco-pipe  will  serve  instead  in  the  absence  of 
a  more  convenient  material. 

A  simple  pair  of  forceps  (fig.l98),  to  move  and  to  take  up  the  hot  assay,  may  be  made 
of  a  slip  of  stiff  tinplate,  8  inches  long,  J  inch  wide  in  the  middle,  and  -,^th  inch  at  the 
ends.    The  tin  being  rubbed  off  the  points  on  a  198 

rough  whetstone,  the  slip  is  to  be  bent  until  they  

approach  each  other  within  i  an  inch  and  the  two  M\\  ~> 

sides  are  parallel;  thus  there  will  be  spring  enough   

in  the  forceps  to  open  and  let  go  the  assay  when  "II  ~> 
not  compressed  upon  it  by  the  finger  and  thumb. 

A  magnetic  needle,  very  desirable  to  ascertain  the  presence  of  iron,  is  easily  made 
of  the  requisite  delicacy  where  a  magnet  is  accessible.  A  bit  of  thin  steel  wire  or  a 
long  fine  stocking-needle,  having  '  inch  cut  off  at  the  point,  is  to  be  heated  in  the 
middle  that  it  may  be  slightly  bent  there  (Jig  199).  While  hot,  a  bit  of  sealing  wax 
IS  to  be  attached  to  the  centre,  and  the  point  which  had  199 
been  cut  off,  being  heated  at  the  thick  end,  is  to  be  fixed  , 

in  the  sealing  wax,  so  that  the  sharp  end  may  serve  as  a   X"^~-~^ 

pivot,  descending  about  Jth  inch  below  the  centre,  taking     —  — 
care  that  the  ends  of  the  needle  fall  enough  below  the 
pivot,  to  prevent  it  overturning.  It  must  be  magnetised  •••  I. 

by  sliding  one  end  of  a  magnet  half  a  dozen  or  more  times  from  tbp  ,.p„tvo  t„ 
of  the  needle,  and  the  other  end  a  simUar  number  of  tTmes  fronf       i    ?  ^u*^ 
needle  to  its  o.her  end.    A  small  brass  thimble  (not  cappXith  Tro„      H^o  f  'r" 
the  support,  the  point  of  the  pivot  being  placed  in  one  ^f  the  indentl7on 
centre  of  the  tap,  when,  if  well  balanced,  it  will  turHnt  1  H  set^es^o  th  and '.V,' 
xZ^lt"  P'-«P'?^f?'-'^t«'    '""^t  be  nipped  until  the  balance  be  restored 
A  black  gun-flint  is  also  occas  onally  used  to  rub  the  m,^t«mn  2^^^  ^^A 
whilst  warm,  to  a  bit  of  sealing  wax),  and  ascertain  tb!  .     ^  ^^'■'^  attached, 

they  give.  Thus  minute  particlfsXKnnerSvJ^^  ''^^""^  '''^^'^^ 

A  little  refined  borax  a'nd  carLl^e 'of  X'Sth  in  tw^^^^^^^ 
requisites.  '°  powder,  will  complete  the 
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Having  collected  these  materials,  the  next  object  for  the  operator  is  to  acquire  the 
faculty  of  keeping  up  an  unintermitted  blast  througk  the  pipe  whilst  breathing  freely 
through  the  nose. 

A  very  sensitive  and,  for  most  purposes,  sufficiently  delicate  balance  (fg.  200) 
was  also  devised  by  Mr.  Prideaux,  of  which  the  following  is  a  description : — 

200 
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The  common  marsh  reed,  growing  generally  in  damp  places  throughout  the  king- 
dom, will  yield  straight  joints,  from  8  to  12,  or  more,  inches  long  ;  an  8-inch  joint 
will  serve,  but  the  longer  the  better.  This  joint  is  to  be  split  down  its  whole  length, 
so  as  to  form  a  trough,  say  \  inch  wide  in  the  middle,  narrowed  away  to  ^rd  inch  at 
the  ends.  A  narrow  slip  of  writing  paper,  the  thinner  the  better  (bank  post  is  very 
convenient  for  the  purpose),  and  as  long  as  the  reed  trough,  is  to  be  stuck  with  common 
paste  ou  the  face  of  a  carpenter's  rule,  or,  in  preference,  that  of  an  exciseman,— as  the 
inches  are  divided  into  tenths  instead  of  eighths  ; — in  either  case  observing  that  the 
divisions  of  the  inch  on  the  rule  be  left  uncovered  by  the  paper.  When  it  is  dry, 
lines  must  be  drawn  the  whole  length  of  it,  Jth  inch  apart,  to  mark  out  a  stripe  ^th 
inch  wide.  Upon  this  stripe  the  divisions  of  the  inch  are  to  be  ruled  off  by  means  of 
a  small  square. 

The  centre  division  being  marked  0,  it  is  to  be  numbered  at  every  fourth  hne  to  the 
ends.  Thus  the  fourth  from  the  centre  on  each  side  will  be  10  ;  the  eighth,  20  ;  the 
twelfth,  30;  the  sixteenth,  40,  &c.;  and  a  slip  of  10  inches  long,  graduated  into 
tenths  of  an  inch,  will  have  on  each  arm  50  lines,  or  125  degrees,  divided  by  these 
lines  into  quarters.  While  the  lines  and  numbers  are  drying,  the  exact  centre  of  the 
reed-trouo-h  may  be  ascertained,  and  marked  right  across,  by  spots  on  the  two  edges. 
A  line  of  gum  water,  full  Jth  inch  wide,  is  then  laid  with  a  camel-hair  pencil  along  the 
hollow  and  the  paper  being  stripped  from  the  rule  (which  it  leaves  easily),  the  gra- 
duated stripe  is  cut  out  with  scissors,  and  laid  in  the  trough,  with  the  line  0  exactly  in 
the  centre  Being  pressed  to  the  gummed  reed,  by  passing  the  round  end  of  a  quill 
alonff  it,  it  graduates  the  trough  from  the  centre  to  each  end.  This  graduation  is  very 
true,  if  well  managed,  as  the  paper  does  not  stretch  with  the  gum  water  after  being 
laid  on  the  rule  with  the  paste.  „  ,  *  *^ 

A  very  fine  needle  is  next  to  be  procured  (those  called  iearf-needles  are  the  hnest) 
and  passed  through  a  slip  of  cork  the  width  of  the  centre  of  the  trough,  about  ^th  inch 
square  iih  thick.  It  should  be  passed  through  with  care,  so  as  to  be  quite  straight. 
The  cork  should  then  be  cut  until  one  end  of  it  fits  into  the  trough,  so  that  the  needle 
shall  bear  on  the  edges  exactly  in  the  spots  that  mark  the  centre  as  it  is  of  import- 
ance that  the  needle  and  the  trough  be  exactly  at  right^angles  with  each  other.  1  he 
cork  is  now  to  be  fixed  in  its  place  with  gum  water,  and,  when  fast  dry,  to  be  soldeied 
down  on  each  side  with  a  small  portion  of  any  soft  resinous  cement,  on  the  pomt  of  a 
wire  or  knitting  needle;  a  little  cement  being  also  apphed  in  the  same  manner  to  the 
edges  of  the  cork  where  the  needle  goes  through,  to  give  it  firmness,  the  beam  is 
Sed  It  may  be  balanced  by  paring  the  edges  on  the  heaviest  side :  but  accurate 
ad  ustment  il  needless,  as  it  is  subject  to  vary  with  the  dampness  or  the  dryness  of  the  air. 

The  support  on  which  it  plays  is  a  bit  of  tin  plate  (or,  in  preference,  brass  p  ate), 
Pths  inch  long  and  1  inch  wide.  The  two  ends  are  turned  up  square  gths  of  an  inch, 
liline  a  base  of  fths  of  an  inch  wide,  and  two  upright  sides  ^ths  high.  The  upper  edges 
fie  then  rubbed  down  smooth  and  square  upon  a  Turkey  stone,  letting  both  edges  bear 
!u  JJZ  MhaT  that  thev  may  exactly  correspond.  For  use.the  beam  is  placed 
ZX  Hhe Tppo",  S^^^^  Se  resti^ng  across  the  edges.  5eing  brought  to  an 
evenly  in  tne  s  u  ^^^^^  substance,  placed  on  the  ighter 

exact  ^^^"^^^^y  V'-d  thrSrun^^^  the  equilibrium  is  produced,  it  will  turn  with  ex- 
f''      if^n.v  a  bilof  ho^LETth        long  being  sufiicient  to  bring  it  down  freely. 
'''iTmus  n^ifsuppoLl^^^^^^^^^       such  instrument  as  this  is  recommepded  as  in  any 
It  must  not  oe  ""I'f"^^       ,  ^.J^^ces  which  are  constructed  for  the  chemist,  and 
way  substiiutmg  ^^^"^^^^^f^f.  ^J,',^^^^^  The  object  is  merely  to  show  the 

:Sod\v  X  ct  he  If  const^^^^^^^^^^^  a  balance  which  shall  be  suf- 

mmer  a  method  ^yj"'^"  °^  ™  investigations  as  it  may  be  important  for  him  to 
ficu  ntly  ^^''C"™'^  t/bildr  f  ti  rsugfestions  of  the  chemist  who  devised  the 
iretra^Irhad^^enTa^r-edltmillfv^^  mineral  matter  which  has  been 
lost  might  have  been  turned  to  profitable  account. 
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The  bloTvpipe  is  largely  used  in  manufactures,  as  in  soldering,  in  hardening  and 
tempering  small  tools,  in  glass-blowing,  and  in  enamelling.  In  many  cases  the  blow- 
pipes are  used  in  the  mouth,  but  frequently  they  are  supplied  with  air  from  a  bellows 
moved  by  the  foot,  by  vessels  in  which  air  is  condensed,  or  by  means  of  pneumatic 
apparatus. 

Many  blowpipes  have  been  invented  for  the  employment  of  oxygen  and  hydrogen, 
by  the  combustion  of  which  the  most  intense  heat  which  we  can  produce  is  obtained. 
Professor  Hare,  of  Philadelphia,  was  the  first  to  employ  this  kind  of  blowpipe,  when 
he  was  speedily  followed  by  Clark,  Gurney,  Leeson,  and  others.  The  blowpipe,  fed 
with  hydrogen,  is  employed  in  many  soldering  processes  with  much  advantage. 

The  general  form  of  the  "  workshop  blowpipe  "  is  that  of  a  tube  open  at  one  end, 
and  supported  on  trunnions  in  a  wooden  pedestal,  so  that  it  may  be  pointed  vertically, 
horizontally,  or  at  any  angle  as  desired.  Common  street  gas  is  supplied  through 
one  hollow  trunnion,  and  it  escapes  through  an  annular  opening,  while  common  air  is 
admitted  through  the  other  trunnion,  which  is  also  hollow,  and  is  discharged  in  the 
centre  of  the  hydrogen  through  a  central  conical  tube  ;  the  magnitude  and  intensity 
of  the  flame  being  determined  by  the  relative  quantities  of  gas  and  air  and  bv  the 
greater  or  less  protrusion  of  the  inner  cone,  by  which  the  annular  space  for  the 
hydrogen  is  contracted  in  any  required  iegrne.—Holtzapffel. 

BLUE  COPPERAS,  or  BLUE  STONE.  The  commercial  or  common  names  of 
the  sulphate  of  copper.    See  Copper. 

BLUE  JOHN.  A  beautiful  variety  of  fluorspar,  found  at  Tray  Cliff,  near 
Castleton,  Derbyshire,  from  which  vases  and  other  ornamental  articles  are  wrouaht. 
bee  Floor  Spar.  ° 

BLUE  PIGMENTS.  Several  metallic  compounds  possess  a  blue  colour,  especially 
those  of  iron,  cobalt,  and  molybdenum.  The  blues  of  vegetable  origin,  in  common 
use,  are  indigo,  litmus  and  blue  cakes.  The  blue  pigments  of  a  metallic  nature  found 
in  commerce  are  the  following: -P,Wa;i  blue;  sesqui-ferrocyanide  of  iron,  called 
^\io  Berlin  blue ;— mountain  blue,  a  carbonate  of  copper  mixed  with  more  or  less  earthy 
""i,'";;    T"  Tf'^''*'''  a  greenish- blue  colour  obtained  from  copper  mixed 

with  chalk  or  Iime;-jro«  phosphate  of  iron,  but  little  employed  ;  cobalt  blue  a 
colour  obtained  by  calcining  a  salt  of  cobalt  with  alumina  or  oxide  of  tin:  smalt  a 
glass  coloured  with  cobalt  and  ground  to  a  fine  powder  ■,-charcoal  blue,  a  deep  shade 
obtained  by  triturating  carbonised  vine  stalks  with  an  equal  weight  of  potash  in  u 
crucible  till  the  mixture  ceases  to  swell,  then  pouring  it  upon  a  lab,  putting  it  nto 
water,  and  saturating  the  alkali  with  sulphuric  acid.  The  liquor  becomes  blue  and 
heated    ^  '  precipitate,  which  becomes  of  a  brilliant  blue  colour  when 

Molybdenum  blue  is  a  combination  of  this  metal  and  oxide  of  tin,  or  phosphate  of 
lime.  It  IS  employed  both  as  a  paint  and  an  enamel  colour.  A  blue  mav  X  be 
Ob  amed  by  putting  into  molybdic  acid  (made  by  digesting  sulphuret  rfnTolybdemim 
Thf J 1  T,''"^^i  l'"le  mtriatic  acid    The  tin  deoxidi  es 

the  molybdic  acid  to  a  certain  degree,  and  converts  it  into  the  molybdous  which  when 
evaporated  and  heated  w  th  alumina  recently  precipitated,  forms  Ihis  blue  Selt 

Ullramanne  is  a  beautiful  blue  pigment  {which  see).  Pigment. 

rurnbuU  s  und  Chinese  bines  are  both  double  cyanides  of  iron. 

ii.mgsblue.—A  carbonate  of  cobalt. 

BrUE^ferRm?'"''^",''^^ ^°  Nordhausen  sulphuric  acid.    See  CoLorn.. 

in  Fife.  The  first  named  coa  ,  about'whi^f  the ^  2T£TI  '^'T^'-  ^'""y"'' 
nature,  has  only  been  in  the  market  e^ht  tpl.c     t!  ■  dispute  as  to  its 

coal  hitherto  discovered  for  Z  and  „n  J?  '  considered  the  most  valuable 
middle  portion  ofTe  Pi7nie^or  Ti^^^  ^'^^"^"^      '^r^  "^e 

years,  is  nearly  as  valuable  for  both  pS^p^se"  ''''''  """"''^^"^  '^^'^'y 

^-Je,  and  leaving  a  ^^^^^  I^T' t^^^ 
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According  to  Dr.  Stenhouse,  F.R.S.,  its  composition  is:  — 
Carbon 
Hydrogen 

Nitrogen  ------- 

Oxygen-       - "  " 
Ash  ^^'^ 


65-72 
9-03 
0-72 
4-78 


100-00 

Dr.  Stenhouse's  analysis  of  the  ash  of  Boghead  coal,  from  three  analyses,  was  as 
follows: — 

Silica     -      -  - 
Alumina 

Sesquioxide  of  iron  - 
Potash  -  -  - 
Soda      -       "    .  "  . 

Lime  and  sulphuric  acid  .  , ,  ,  ^  .  i  j 

Dr  Andrew  Fyfe  F.R.S.E.,  on  analysis,  found  that  the  coal  yielded,  from  a  picked 
specimen,  70  per  cent,  of  volatile  matter,  and  30  per  cent,  of  coke  and  ash.  From  a 
ton  he  obtained  14-880  cubic  feet  of  gas,  the  illuminating  power  of  which  was  deter- 
mined by  the  use  of  the  Bunsen  photometer,  the  gas  being  consumed  by  argands 
burning  from  2i  to  3^  feet  per  hour,  according  to  circumstances.  The  candle  referred 
to  was  a  spermaceti  candle,  burning  140  grams  per  hour. 


.58-31 

33-65 
7-00 
0-84 
0-41 

traces. 


Cubic  Feet  of 
Gas  per  Ton  of 
Coal. 

Specific 
Gravity. 

Condensation 
by  Chlnrine 
in  100  Parts. 

Durability  1  foot 
burns. 

Illuminating 
Power  1  foot  = 
Light  of  Candles. 

Pounds  of  Coke 
per  Ton  of 
Coal. 

14-880 

•802 

27 

Min.  Sec. 
88  25 

7-72 

760 

The  Pimie  or  Methill  brown  cannel,  on  analysis,  gives  the  following  results  :— 


1-126 
13,500  feet 
28  candles 
36  per  cent. 
20 


'4 

65 
•700 


Specific  gravity 

Gas  per  ton      -       -  -  -  - 

Illuminating  power  -  -  -  - 

Coke  and  ash   -       -  -  "  .  - 

Hydro-carbons  condensed  by  bromine 
Sulphuretted  hydrogen 

Carbonic  acid   -       -  -  -  - 

Carbonic  oxide  -       -  -  -  - 
Volatile  matter  in  coal 

The  BoghtdtoXclSst'the  higher  p'art  o/the  Scotch  c"oal  field-,  in  about  the 
-.-L  nf  thP  "  slatv  band  "  of  ironstone,  its  range  is  not  more  than  3  or  4  miles  m  the 
r'f  f  TnS«nelLhTross  Boghead,  Capper's?  and  Bathvale,  near  Bathgate,  m  the 
^^"^  tv  of  Sh^ow     iT^^^  i  varies  from  1  to  30  inches,  and  at  the  present 

county  of  L'^^f 80  ooo  to  100  000  tons  per  annum,  it  cannot  last  many  years. 
'^^^hSwng^  s'  Uon°o?  ^ToSbane  sh'ows  that  the  cannel  occurs  in  ordmary 

coal  measures,  Ld  under  circumstances  common  to  beds  of  coal:- 

Boghead  house  coal 
Arenaceous  shale 
Slaty  sandstone  -        -    _  - 
Shale  and  ironstone,  containing  i 

and  shells  -      -     _  -  - 
Cement  stone  (impure  ironstone) 
Boghead  cannel   -       -  - 
Fire  clay,  full  of  Stigmarim  - 
Coal  (common)    -       -  - 
Black  shale  -       -       -  " 
Coal    -      -      -       "  " 
Shale  -      -      -       "  ■ 
Coal    -       -       -       -  - 
Fire  clay     -       -       "  " 
Hard  shale  -       -  * 
Thin  laminaj  of  coal  and  shale 
Common  coal  - 
Fire  clay  - 


Ft. 

In. 

2 

7 

6 

0 

0 

7 

plants 

0 

10 

0 

4 

1 

9 

0 

5 

0 

6 

0\ 

.  0 

I 

-  0 

01 

-  0 

0\ 

-  0 

14 

-  0 

3 

-  0 

3.J 

-  0 

6 

0 
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One  of  the  chief  characters  of  this  eannel  is  its  indestructibility  under  atmospheric 
agencies ;  for  whether  it  is  taken  from  the  mine  at  a  depth  of  fifty  fathoms,  or  at  the 
outcrop,  its  gas-  and  oil-yielding  properties  are  the  same.  Even  a  piece  of  the 
mineral  taken  out  of  the  drift  deposits,  where  it  had  most  probably  lain  for  thousands 
of  years,  appears  to  be  just  the  same  in  quality  as  if  it  had  been  but  lately  raised  from 
the  mine. 


In  the  earth  the  seam  lies  parallel  to  its  roof  and  floor,  like  other  beds  of  coal ;  and 
it  is  traversed  by  the  usual  vertical  joints,  dividing  it  into  the  irregular  cubes  which 
so  generally  characterise  beds  of  cannel.  The  roof  lying  above  the  cement  stone 
contains  remains  of  Calamites;  and  the  ironstone  nodules,  fossil  shells  of  the  genus 
Uiiio.  The  floor  of  the  mine  contains  Sligmarice ;  and  the  coal  itself  afi'ords  more 
upright  stems  of  Sigillariai,  and  its  roots  {Stigmarice)  and  their  radicles,  running 
through  the  seam  to  a  considerable  distance,  than  the  majority  of  coals  show.  In  these 
respects  it  entirely  resembles  the  Pirnie  or  Methill  seam.  Most  cannels  afford 
remains  of  fish ;  but  in  Boghead  no  traces  of  these  fossils  have  yet  been  met  with 
although  they  have  been  diligently  sought  after.  ' 

The  roots  in  the  floors,  and  the  upright  stems  of  trees  in  the  seam  itself,  appear  to 
show  that  the  vegetable  matter  now  forming  the  coal  grew  on  the  spot  where  it  is 
iound.  If  the  mangroves  and  other  aquatic  plants,  at  the  present  day  found  growing  in 
the  black  vegetable  mud  of  the  marine  swamps  of  Brass  town,  on  the  west  coast  of  Africa 
were  quietly  submerged  and  covered  up  with  clay  and  silt,  we  should  have  a  good 
Illustration  of  the  formation  of  a  bed  of  carbonaceous  matter  showing  no  structure 
mingled  with  stems  and  roots  of  trees  showing  structure,  which  is  the  case  of  Bog- 
bead  coal,  the  structure  being  only  detected  in  those  parts  showing  evidence  of  stems 
and  roots,  and  not  m  the  matrix  in  which  those  fossils  are  contained 

The  chemical  changes  by  which  vegetable  matter  has  been  converted  into  Boghead 

n^d  ™'         /      '  ^^f  T''  "^''^  peculiarity  about  the  seam  is  its  close 

and  compact  roof,  composed  of  cement-stone,  and  shale.  This  is  perfectly  water  and 
air  tight,  so  much  so  that,  although  the  mine  is  troubled  with  a  great  quantity  of  water 
It  all  comes  through  the  floor,  and  not  the  roof  This  tight  covering  of  the  cod  has 
doubtless  exercised  considerable  influence  on  the  decomposing  vegetable  matter  afte? 

\r  I'  i«  ^°rthy  of  remark  thit,  above  the  Pirnie  or 

stone  occur^'  apflroaching  Boghead,-a  simUar  bed  of  impure  fron- 

fhf^77  ^'T  ^^'"'^  ^'■^^^'''^  field,  there  are  no  appearances  of 

the  action  of  an  elevated  temperature,  either  upon  the  coal  or  its  adjoiW  s^,a"a  to 
give  any  sanction  to  the  hypothesis,  that  the  cannel  has  resulted  from  fhe  Srtia^ 
decomposition  of  a  substratum  of  coal  by  the  heat  of  underlvinfr  trnTflo   ^i  '? 
matters  haying  been  retained  in  what  has  frobabirbeen  a  bS  of  shalf  ^  r..   .  ! 

contrary,  exhibit  every  appearance  of  havinTbeen  denosited  in  th.  fc   f'  '^t 

wire,  or  of  sheet  iron  butrfrom  SrSit^' ''I  .manufacture  of 
casting.  '       '    ^  '""^  flmdity  of  the  metal,  it  is  valuable  for 

and  as^much  as  10  per  cent,  of  phospWru^  Z'lrtT^Zl  £  Sd! 
the''foi?owlt''r?sulS?5-  °'  ^^"^^^^  nianganese.  A  Derbyshire  variety  gave 
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Red  oxide  of  manganese         -       -  ^  -       -       -  38-59 

Red  oxide  of  iron   52-34 

Eavyta  -  -      -      -  5-4 

Water    --------  lO-aH 

SUica   2-74 


109-36 


This  might  reasonably  be  called  a  bog-iron  ore. 
BOILER.    See  Steam  Boiler. 

BOLE.  A  kind  of  clay,  often  highly  coloured  by  iron.  It  usually  consists  of 
silica,  alumina,  iron,  lime,  and  magnesia.  It  is  not  a  well-defined  mineral,  and,  con- 
sequently, many  substances  are  described  by  mineralogists  as  bole. 

Armenian  bole  is  of  a  bright  red  colour.  This  is  frequently  employed  as  a  denti- 
frice, and  in  some  cases  it  is  administered  medicinally. 

Boh  of  Blois  is  yellow,  contains  carbonate  of  lime,  and  effervesces  with  acids. 

Bohemian  bole  is  a  yellowish  red. 

French  bole  is  of  a  pale  red,  with  frequent  streaks  of  yellow. 
Lemniun  bole  and  Silisean  bole  are,  in  most  respects,  similar  to  the  above-named 
varieties. 

The  following  analyses  are  by  C.  Von  Hauer. 

Capo  di  Bove— Silica,  45-64  ;  alumina,  29  33  ;  peroxide  of  iron,  8-88  ;  lime,  0-60 ; 
maanesia,  a  trace  ;  water,  14-27  =  98-72. 

New  Holland— -Silica,  38-22;  alumina,  31,00;  peroxide  of  iron,  U-00  ;  lime,  a 
trace;  magnesia,  a  trace  ;  water,  18-81  =  99-03.       „      ,  .  ,  ,  .  , 

BOLOGNIAN  STONE.    A  sulphate  of  barytes,  found  in  roundish  masses,  which 
phosphoresces  when,  after  calcination,  it  is  exposed  to  the  solar  rays. 

BOMBAZINE.    A  worsted  stuff  mixed  with  silk;  it  is  a  twuled  fabric  of  which 
the  warp  is  silk  and  the  weft  worsted. 

BOMBYX  MORL  The  moth  to  which  the  silkworm  turns.  This  species  was  ori- 
einallT  broueht  from  China.  In  this  country  the  eggs  of  this  moth  are  hatched  early 
in  May  The  caterpillar  (silkworm)  is  at  first  of  a  dark  colour  ;  but  gradually,  as 
with  another  caterpillars,  it  becomes  lighter  coloured  This  worm  is  about  eight  weeks 
in  arriving  at  maturity,  during  which  time  it  frequently  changes  its  colour.  When  full 
grown,  the  silkworm  commences  spinning  its  web  m  some  convenient  p  ace.  rhe 
silkworm  continues  drawing  its  thread  from  various  points,  and  attaching  it  to  others  ; 
it  follows,  therefore,  that  after  a  time  the  body  becomes,  in  a  great  measure,  enclosed 
n  the  thread.  The  work  is  then  continued  from  one  thread  to  another,  the  silkworm 
Iving  ts  head  and  spinning  in  a  zigzag  way.  bending  the  fore  part  of  the  body 
back  to  spin  in  aU  directions  within  reach,  -and  shifting  the  body  only  to  cover  with 
sUk  the  part  which  was  beneath  it.  As  the  silkworm  spins  its  web  by  thus  bending 
Se  fore  part  of  the  body  back,  and  moves  the  hinder  part  of  the  body  f  jajr 

only  as  to  enable  it  to  reach  the  farther  back  with  the  fore  part,  it  follows  that  it 
encloses  tself  in  a  cocoon  much  shorter  than  its  own  body  ;  for  soon  after  he  begin- 
nl^L  the  whole  is  continued  with  the  body  in  a  bent  position.  During  the  time  of 
Sins  the  cocoon,  the  silkworm  decreases  in  length  very  considerably  ;  and  aUer 
sp  nning       coloou,  i  orieinal  length  ;  at  this  time  it  becomes  quite  torpid. 

It  IS  ^oj^Pleted  It  .s  not  half  Its  ori|^^^^^  ,  ^.^^  ^.^^ 

soon  changes  ^^^/PP^^'  ?n  the  chrysalis  stale  the  animal  remains  from  a 

complete  t'^^.'^";;"^"  ^^fj'itS  burst  its  case,  and  comes  forth  in  the  imago  state, 
TST^Z  ^retolisfy  dis^oK  a  portion'of  the  cocoon  by  means  of  a  fluid 

which  it  ejects.--P6nn2/  Maga^'"}^  Secretary  Labouchere  laid  before  the  Council  of 
On  the  29tt  January  m^^^  ..y,,,  ,f  ,1  e 

given  entire  :—  p^^ace,  Valetta,  Dec.  22,  1857. 

.<  c       Tn  1814  I  made  several  reports  on  the  Bomhyx  Cynthia  silkworm,  which 

them  to  Italy,  France,  and  Algeria ;  and  I  contnvca  to  w^^^^ 

S  t^aV^  SrSwa^  wherever  it  had  been 

'''A  I  was,  therefore,  induced  to  re-introduce  it  into  Ma.U^  U^-se^tveluUiplS 
last,  I  received  a  few  eggs  by  post,  m  a  qu.U,  from  Pans ,  and 
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in  an  extraordinary  manner,  so  that  I  have  not  attempted  to  have  them  counted.  Tlie 
temperature  of  the  -winter  season,  now  December,  seems,  however,  to  be  affecting 
them,  even  in  Malta,  inasmuch  as  they  grow  more  slowly  than  they  did  in  the  summer  ; 
but,  nevertheless,  they  appear  healthy. 

"  4.  A  very  interesting  paper,  on  the  progress  making  in  different  countries  in 
roaring  the  Bombi/x  Cynthia,  will  be  found  in  the  last  number  of  the  papers  of  the 
French  Societe  d' Acclimation .  This  paper  is  by  the  able  President  of  that  society, 
M.  Geoffroy  Saint  Hilaire. 

"5.  I  had,  in  1854,  successfully  sent  the  insect  to  the  West  Indies.  The  French 
Society  have  sent  it  to  Brazil,  to  the  Southern  United  States,  and  into  Egypt.  It  is 
being  introduced  into  Germany,  and  we  are  now  sending  more  eggs  and  worms  from 
Malta  to  Sicily. 

"  6.  Experiments  are  making  in  France  on  spinning  the  silk,  which  is  found  to  be 
very  fine,  very  strong,  and  to  take  dyes  well.-  In  Prance  the  cocoons  are  corded,  and 
afterwards  spun,  as  in  Malta.  It  is  said  that  the  chrysalis,  on  extricating  itself  from 
the  cocoon  and  becoming  a  moth,  does  not,  as  was  supposed,  cut  the  thread ;  and  the 
French  have  partially  succeeded  in  unwinding  the  cocoons. 

"  7.  The  great  interest  I  find  taken  in  other  countries  in  the  attempts  making  to 
naturalise  the  Bombyx  Cynthia,  has  induced  me  to  report  to  you  its  re-introduction 
into  Malta,  with  the  view  of  begging  you  to  make  this  known  to  the  Society  of  Arts 
I  inclose  an  extract  from  my  despatch,  dated  7th  of  July,  1855,  which  explains  the 
manner  in  which  I  successfully  sent  the  insect  to  the  West  Indies ;  and  in  the  same 
"'^y  easily  conveyed  from  any  one  country  to  another.  It  may  be 
found  difficult  to  preserve  the  silkworm  throughout  the  winter  season,  as  well  as  dif- 
ficult to  grow  the  Ricinus,  its  proper  food,  in  the  climate  of  Europe.  The  proper 
climate  for  the  Bombyx  Cynthia  is  within,  or  on  the  borders  of,  the  tropics  But  the 
attempts  now  making  ought  not  to  be  the  less  encouraged  on  that  account,  for  thev 
are  producing  a  new  raw  material  for  thread  and  clothing  within  reach  of  men  of 
skill  and  science  ;  and  127,000  cocoons  have  recently  been  sent  from  Algeria  to 
be  manufactured  in  Alsace.  e"'"* 

the  5om%x  Cynthia  multiply,  too-ether 
with  the  abundance  of  food  for  them  produced  without  culture  in  warm  cHma'es 

s-SetportlL:'       '^'"^  °'  -^-^  ^''^  cocoons!  of  r: 

M^'lta.  ^  '""^  l^^e^itli  a  small  sample  of  the  cloth  made  from  the  worms  reared  in 

"  I  have  the  honour  to  be.  Sir, 

"  Your  most  obedient  humble  servant, 

"  William  Reid,  Go-vemor." 

information  on  the  Bombyx  Cynthia,  or  Eria  Silkworm,  will  be  found  in 
TVT  °^  -^^ts  Journal  "  of  June  4th,  1858. 

Mr.  Wells,  writing  from  Grenada,  in  the  West  Indies,  says,  of  these  silkwnrn., 
forwarded  to  him  by  Sir  William  Reid:-"  I  have  the  e -hth  Jnerat^on  of 

return  in  its  very  abundant  seeds.    See  Silk  expense,  and  yields  a  good 

fastened  to  a  rod,  for  the  purpose  of ^aLrn,n„ll        employed,  several  being 
shallow  trays.    The  syrup  is  then  by  mean^of^S  T  '^''^^r-'^  starch,  filHni 
and  there  being  a  powerfu'l  repulsion  b^e^een  t^e  stS^  f''' 
upper  portion  of  the  fluid  assumes  a  spheTLTl  form    th.  alcoholic  syrup,  the 

the  surface,  and  the  mould  is  Til-Tr-p/^nT  ,  '         ^""^^  ^'^'"cli  is  sifted  over 

on  the  outside  of  the  boTboi  ftm  nVa  crnstTncl  sint  .^P^'^''^^-'^-  ^^rnr^Zl 
gives  up  sugar  to  the  crystallising  crus^  untif  itT.lT^  the  syrup,  which  constantly 
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in  shallow  dishes,  placed  on  shelves  in  the  drying  chamber,  pieces  of  linen  being 
stretched  over  the  surface,  to  prevent  the  formation  t)f  a  crust  upon  the  surface  of  the 
fluid.  In  two  or  three  days  the  bon-bons  are  covered  with  crystals  of  sugar ;  the 
syrup  is  then  drained  off,  and  the  comfits  dried. 

Painted  Bon-bons. — Bon-bons  are  painted  by  being  first  covered  with  a  layer  of 
glazing ;  they  are  then  painted  in  body  colours,  mixed  with  mucilage  and  sugar. 

The  French  have  some  excellent  regulations,  carried  out  under  the  "  Prefet  de 
Police,"  as  to  the  colours  which  may  be  employed  in  confectionary.  These  are  to  the 
following  effect : — 

"  Considering  that  the  colouring  matter  given  to  sweets,  bon-bons,  liqueurs,  lozenges, 
&c.,  is  generally  imparted  by  mineral  substances  of  a  poisonous  nature,  which  impru- 
dence has  been  the  cause  of  serious  accidents  ;  and,  that  the  same  character  of  acci- 
dents have  been  produced  by  chewing  or  sucking  the  wrapping  paper  of  such  sweets, 
it  being  glazed  and  coloured  with  substances  which  are  poisonous ;  it  is  expressly 
forbidden  to  make  use  of  any  mineral  substance  for  colouring  liqueurs,  bon-bons, 
sugar-plums,  lozenges,  or  any  kind  of  sweetmeats  or  pastry.  No  other  colouring 
matter  than  such  as  is  of  a  vegetable  character  shall  be  employed  for  such  a  purpose. 
It  is  forbidden  to  wrap  sweetmeats  in  paper  glazed  or  coloured  with  mineral  sub- 
stances. It  is  ordered  that  all  confectioners,  grocers,  dealers  in  liqueurs,  bon-bons, 
sweetmeats,  lozenges,  &c.,  shall  have  their  name,  address,  and  trade  printed  upon  the 
paper  in  which  the  above  articles  shall  be  enclosed.  All  manufacturers  and  dealers 
are  personally  responsible  for  the  accidents  which  shall  be  traced  to  the  liqueurs,  bon- 
bons, and  other  sweetmeats  manufactured  or  sold  by  them." 

If  similar  provisions  were  in  force  in  this  country,  it  would  prevent  the  use,  to  an 
alarming  extent,  in  our  cheap  confectionary,  of  such  poisonous  substances  as 
Arsenite  of  copper,  Sulphide  of  arsenic, 

Acetate  of  copper,  Oxide  of  lead, 

Chromate  of  lead,  Sulphide  of  mercury,  &c. 

The  colouring  matters  aUowed  to  be  used  in  France  are  indigo,  Prussian  blue, 
saffron,  Turkey  yellow,  quercitron,  cochineal,  Brazil  wood,  madder,  &c. 

BONES.  (Os,  Fr.  ;  Knochen,  Gr.)  They  form  the  framework  of  animal  bodies, 
commonly  called  the  skeleton,  upon  which  the  soft  parts  are  suspended,  or  in  which  they 
are  enclosed.  Bones  are  invested  with  a  membrane  styled  the  periosteum,  .^'Ijich  is 
composed  of  a  dense  tissue' affording  glue;  whence  it  is  convertible  into  jelly,  by 
ebullition  with  water.  Bones  are  not  equally  compact  throughout  their  whole  sub- 
stance- the  long  ones  have  tubes  in  their  centres,  lined  with  a  kind  of  periosteum  of 
more  importance  to  the  life  of  the  bones  than  even  their  external  coat;  the  flat  as 
well  as  the  short  and  thick,  bones  exhibit  upon  their  surface  an  osseous  mass  of  a  dense 
nature,  while  their  interio^  presents  a  cavity  divided  into  small  cellules  by  their  bony 

P^S' reference  to  the  composition  of  bones,  we  have  to  consider  two  principal  con- 
stituentsTthe  living  portion  or  the  osseous  cartilage,  and  the  morgamc  or  the  earthy 

oteouTrartilage  is  obtained  by  suspending  bones  in  a  ^^^^^^^^^^^^^fZ 
mnriitic  acid  and  leaving  it  n  a  cool  place  at  about  50°  F.  The  acid  dissolves  tne 
Tanhv  salts  of  the  bones  Without  perceptibly  attacking  the  cartilage,  which,  at  the  end 

?h\^ttiiVg:i:t^^^ 

f^^:Z^S£^^^^^-  ItheUesatt,iesametime,hard 
LtSe'ptib\e  of  breaking  when  b^^^^^^^^^ 

This  cartilage  is  composed  ent  ie^  f.^e  wWeh  Parses  cle^ar  and  colourless  through 
water,  it  is  very  read  ly  convertibte  ^^^^  P  ^^^^^  ^^-y^^^^ 

the  filter,  leaving  only  a  small  poition  o^  ^''™"'         ,  ^  cartilace,  and  carry  nourish- 

t  lv^:loh^  hours,  at  a  te-P^'-f-^^/Tif^Sy  sails,  dissoL  hut  the  small 

The  cartilage,  which  has  been 
vessels  which  issue  from  the  undecomposed  l^^J^'^^^^';;"^^^^^^    of  crushing  or  breaking 
of  white  plumes,  if  the  water  has  received  no  movement  c^^^^^^^^  S  ^^^^^^^  ^^^^^ 

them,  ^emay  then  ^^-'y  ^0°^^^^^^^^^^^  if 
them,  and  makes  them  fall  to  the  ''"^^^."^  °^  „,  accelerate  their  decomposition,  a 
we  digest  bones  with  strong  hot  muriatic  acid,  so  as  to  acceieraiL 
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portion  of  the  cartilage  dissolves  in  the  acid  with  a  manifest  disengagement  of  carbonic 
acid  gas,  •which  breaks  the  interior  mass,  and  causes  the  half-softened  bone  to  begin  to 
split  into  fibrous  plates,  separable  in  the  direction  of  their  length.  According  to  Marx, 
these  plates,  when  sufficiently  thin,  possess,  lilce  scales  of  mica,  the  property  of  polar- 
ising light,  a  phenomenon  which  becomes  more  beautiful  still  when  we  soak  them  with 
the  essential  oil  of  the  bark  of  the  Laurus  Cassia.  The  osseous  cartilage  rs  formed 
before  the  earthy  part.  The  long  bones  are  then  solid,  and  they  become  hollow  only 
in  proportion  as  the  earthy  salts  appear.  In  the  new-born  infant,  a  large  portion  of  the 
bones  is  but  partially  filled  with  these  salts ;  their  deposition  in  the  cartilage  takes 
place  round  certain  invariable  points  of  ossification,  and  begins  at  a  certain  period  after 
conception,  so  that  we  may  calculate  the  age  of  the  foetus  according  to  the  progress 
which  ossification  has  made. 

Composition  of  Bones. 


Heintz. 

Berzelius. 

Ox. 
Femur. 

Sheep. 

Man. 
Forearm. 

Human 
Tooth. 

Animal  matter              -       -       -  _ 
Phosphate  of  lime  - 

Fluoride  of  calcium  .... 
Carbonate  of  lime  ----- 
Phosphate  of  magnesia  -       -       .  . 

30-58 
57-67 
2-69 
6-99 
2-07 

26-54 
61-99 
2-97 
6-92 
1-58 

31-11 
59-14 
2-23 
6-32 
1-20 

28-00 

1  64-30 

5-30 
1-40 

Hemtz  found  that  the  fixed  bases  in  the  bones  were  sufficient  to  saturate  completely 
the  acids  con  tained  in  them,  so  that  the  phosphate  of  Ume,  as  well  as  the  phosphate  of 
magnesia,  which  the  bones  contain,  is  composed  according  to  the  formula  3R0  PO* 
Bone  phosphate  of  lime  was  considered  by  Berzelius  to  be  8CaO,3PO*  True'bonv 
structure  IS  perfectly  free  from  chlorides,  from  sulphates,  and  from  iron,  these  salts 
bemg  only  found  when  the  hquid  pervading  the  bones  has  not  been  completely  re- 
moved. The  bones  m  youth  contain  less  earthy  constituents  than  those  of  adults- 
and,  in  advanced  age,  the  proportion  of  mineral  matters  increases.  Von  Biria  found 
more  bone  earth  m  the  bones  of  birds  than  in  those  of  mammals;  he  found  also^he 
ratio  of  the  carbonate  of  lime  to  the  phosphate  to  be  generally  greater!  T  the  bones 
aL"1^  h'"'>,  '  """"^^  those  of  mammals  and  birds 

scisof  fi,hp  r°^-^'^''''^^  earthy  matters  vary  from  21  to  57  per  cent.  The 
nr,o=nW  fr  ^  composition  somewhat  similar  to  that  of  bone,  but  they  contain 
phosphate  of  lime  m  small  quantity  only. 

In  certain  diseases  (the  craniotabes  in  children),  the  earthy  salts  fall  in  the  soonsv 
portion  of  the  bone  as  low  as  28-16  per  cent,  of  the  dry  bonef  and  in  several  Lses  the 
^l?ZT?  t  '^''^^  °}^«er  was  found  by  Schlossber^er  as  low  as  50  per  cent  At 
Jatio  of  lO-f  •  Tn^'  *°        °f       whole  body  n  the 

^e!n7ab;^t^25  or?30Ts:  '""^  "        "'^'^  ~'  ofL\X 

The  quantity  of  organic  matter  in  fossil  bones  varies  verv  considprnhl^. 

f-       P  'I  ?  quantit/as  in  fresh  bon  ,  whL  L  others  ft  is  alto^^^^ 

wholly  disappeared.  ^  '°         cases,  had  even 

The  gelatinous  tissue  of  bones  was  found  by  Von  Biria  to  consist  of:- 

Ox  bones. 
50-401 
71H 
18-154 
24-119 
0-216 


Carbon 
Hydrogen 
Nitrogen 
Oxygen 
Sulphur 


Fossil  bones. 

-  50-130 

-  7-073 

-  18-449 

-  24-348 


'^t  \V}^f''T  '^^^Position  as  that  of  the  gelatinous  tissues 
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ployed  as  a  manure.  Laid  on  in  the  form  of  dust,  at  the  rate  of  30  to  35  cwts.  per  acre, 
they  have  been  known  to  increase  the  vahie  of  old  pastures  from  10s.  or  lOs.  to  30s. 
or  40s.  per  acre  ;  and  after  the  hipse  of  20  years,  though  sensibly  becoming  less  valu- 
able, land  has  remained  still  worth  two  or  three  times  the  rent  it  paid  before  the  bones 
■were  laid  on.  In  the  large  dyeing  establishments  in  Manchester,  the  bones  are  boiled 
in  open  pans  for  24  hours,  the  fat  skimmed  oS  and  sold  to  the  candle  makers,  and  the 
Size  afterwards  boiled  down  in  another  vessel  till  it  is  of  sufficient  strength  for  stiffen- 
ing the  thick  goods  for  which  it  is  intended.  The  size  liquor,  when  exhausted  or  no 
longer  of  sufficient  strength,  is  applied  with  much  benefit  as  a  manure  to  the  adjacent 
pasture  and  artificial  grass  lands,  and  the  exhausted  bones  are  readily  bought  up  by 
the  Lancashire  and  Cheshire  farmers.  When  burned  bones  are  digested  in  sulphuric 
acid  diluted  with  twice  its  weight  of  water,  a  mixture  of  gypsum  and  acid  phosphate 
of  lime  is  obtained,  which,  when  largely  diluted  with  water,  forms  a  most  valuable 
liquid  manure  for  grass  land  and  for  crops  of  rising  corn ;  or,  to  the  acid  solution, 
pearl  ashes  may  be  added,  and  the  whole  then  dried  up,  by  the  addition  of  charcoal 
powder  or  vegetable  mould,  till  it  is  sufficiently  dry  to  be  scattered  with  the  hand  as  a 
top  dressing,  or  buried  in  the  land  by  means  of  a  drill. 

In  France,  soup  is  extensively  made  by  dissolving  bones  in  a  steam  heat  of  two  or 
three  days'  continuance.  Respecting  the  nutritive  property  of  such  soup,  Liebig  has 
expressed  the  following  strong  opinion: — "Gelatine,  even  when  accompanied  by  the 
savoury  constituents  of  flesh,  is  not  capable  of  supporting  the  vital  process;  on  the 
contrary,  it  diminishes  the  nutritive  value  of  food,  which  it  renders  insufficient  in  quan- 
tity and  inferior  in  quality,  and  it  overloads  the  blood  with  nitrogenous  products,  the 
presence  of  which  disturbs  and  impedes  the  organic  processes."  The  erroneous 
notion  that  gelatine  is  the  active  principle  of  soup  arose  from  the  observation  that 
soup  made,  by  boiling,  from  meat,  when  concentrated  to  a  certain  point,  gelatinises. 
The  jelly  was  taken  to  be  the  true  soup  until  it  was  found  that  the  best  meats  did  not 
yield  the  finest  gelatine  tablets,  which  were  obtained  most  beautiful  and  transparent 
from  tendons,  feet,  cartilage,  bones,  &c.  This  led  to  an  investigation  on  nutrition 
generally,  the  results  of  which  proved  that  gelatine,  which  by  itself  is  tasteless,  and 
when  eaten  excites  nausea,  possesses  no  nutritive  value  whatever. 

The  following  Table  exhibits  the  relation  between  the  combustible  animal  matter 
and  the  mineral  substances  of  bones,  as  found  by  different  observers :  — 


Organic  Portion. 

Inorganic  Portion. 

Observers. 

1 

2-0 

Berzelius. 

Ox  bones        -      -  ■ 

1 

2-1 

Marchand. 

1 

2-0 

Berzelius. 

1 

1-8  to  2-3  1 

Frerichs. 

Human  bones  -       -  - 

1 

2'0  in  mean  J 

1 

1-6  to  2-2  T 

1 

1  -9  in  mean  |- 

Von  Biria. 

Bird  bones 

 ' 

1 

2-3  to  2-6  J 

Prior  to  the  use  of  bones  by  the  turner  or  carver,  xuey  reqime  mi,  v,..^  ..j... 
thev  are  largely  impregnated,  to  be  extracted,  by  boilmg  them  in,  water  and  bleachmg 
them  in  thf  sim  or  otherwise.  This  process  of  boil.ng,  in  place  of  softenmg,  robs 
them  of  part  of  their  gelatine,  and  therefore  of  part  of  their  elasticity  and  contracti- 
on itv  likewise  and  they  become  more  brittle. 

The  fo-Ts  o?  the  bones  are  altogether  unfavourable  to  their  extensive  or  orna- 
men  al  employment:  most  of  them  are  very  thin  and  curved,  contain  arge  cellular 
Sris  for  mSrow,  and  are  interspersed  with  vessels  that  are  visible  after  hey 
cavities  tor  mar      ,  ^    ^     and  articles  of  common  turnery.    The  buttock 

are  worked  up  into  spoons  brusnes  only  kinds  used.    To  whiten  the 

TntSd^oX,  ly  arrso'afed  in  turpentine  for  a  day,  boiled  in  water  for  about  an 
hnnr  and  then  polished  with  whitening  and  water.  i.  i 

H^Uranffel  also  informs  us  that  after  the  turning  tool,  or  scraper  has  been  used 
Ho  tzapiiei  aiso  1  ^^^^^  ^^^^      Flanders  brick,  with 

bone  IS  polished  1st,  with^las^^^^^        and  ^ater  on  a  woollen  rag;  4th,  a  small 

water  on  flannel  ;  3id  with  a  quick  motion  ;  the  wax  fills  the 

quantity  of  white  wax  . S  I  ubbed^^^^^^^  ^  ^^^^^^^ 

minute  P"'-^^' J^^^^^^y  tides^  su  h  as  nail  and  tooth  brushes,  are  frequently  polished 
:S;iafe7ir  Sd  w^^tn  f  nel  or  woollen  cloth^  See  "  On  Bone  and  i.s  Uses. 

Imports,  in  1856,  of  the  bones  of  animals  and  fish-not  whalebone. 
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Tons. 


Russia 
Norway  - 
Denmark  - 
Prussia  - 
Hanover  - 
Hanse  Towns  - 
Holland  - 
France 
Spain 
Tuscany  - 
Two  Sicilies 
Austrian  Italy  - 
Turkey  Proper 
United  States  - 
Brazil 
Uruguay  - 
Buenos  Ayres  - 
Australia  - 
Other  parts 


13,383 
878 
2,636 
826 
551 

4,073 

4,453 
881 
777 
787 
901 

1,968 
857 
589 

7,812 
15,457 

9,936 
837 

3,347 


Computed  real  Value. 


70,949 


£68,588 
4,500 
13,509 
4,233 
2,824 
20,874 
22,822 
4,515 
3,982 
4,033 
4,618 
10,086 
4,392 
3,019 
40,036 
79,217 
50,922 
4,289 
17,154 


£363,613 


H^M^N^'  °'  animal  charcoal,  63,951  tons.— 

BONE  BLACK  (Noir  d'os,  Fr.;  Knochenschwartz,  Germ.),  or  Animal  Charcoal  as 
It  IS  less  correctly  called,  is  the  black  carbonaceous  substance  into  which  bones  are 
converted  by  calcination  in  close  vessels.  This  kind  of  charcoal  has  two  principal 
applications -to  deprive  various  solutions,  particularly  syrups,  of  their  coiourine 
Kit  BlI^k  ^         pigment.    The  latter  subject  will  be  treated  of  under 

The  discovery  of  the  antiputrescent  and  decolouring  properties  of  charcoal  in 
general  is  due  to  Low.tz,  of  Petersburg  ;  but  their  modifications  have  occupTed  the 
attention  of  many  chemists  since  his  time.  Kels  published,  in  1798,  some  essays  on 
on'n,^'n  ^V''- '^''^^''^  ^y™P'  ^'^^^^  of  charcoal    bu  he 

woT    ThP  Z     '  V°rPP°r'°^>°""l^'r''  *°  ^^^"^       P"-^'-  '^^^  tl^e  charcoal  of 
wood.    The  first  useful  application  of  charcoal  to  the  purification  of  raw  colonia 
sugar  was  made  by  M.  GuiUon,  who  brought  into  the  French  marke  s  coLiderable 
quantities  of  fine  syrups,  which  he  discoloured  by  ground  wood  charcoal  and  sold  ?W 

8  f"'"  ^•^P"^"'-  *°  (brown  suga"  )  of  that  time  In 

1811,  M.  Figuier,  an  apothecary  at  Montpellier,  published  a  note  about  an  maT  ohnr 
coal,  showing  that  it  blanched  vinegars  and  wines  with  much  more  energyTan  vSe 

^^^^^^^^ 

these  gentlemen  soon  to  obtain  ten  per  cent,  more  of  refined  suTr  ft;!n  Z^ 

iXxtdsi^^^t  ^^^^ 

hea^JiVtStfa^etor'Tim^^^^^^  ^^^^ems  of  apparatus,  by  " 

or  in  Lall  p^s  p[led  1  n  a  kOn     On  itt        '^deconiposed  in  the  gas  works, 

charcoal,  the  bones!  broken  Lto  pi'ece?  aJe  nnt Tr,"?^  P'' n'  ^^""^  ^""'^^'^^  ^^'^ 

shown  inyz^.  201,  about  three-e  gh'hs  of  aTiSch  tWckTwo  0/'"^.^°''  f 

placed  with  their  mouths  in  contact  and  then  InteH  iT  dexterously 

of  the  upper  pot  is  made  to  slip  insidrtL  under  one  T      T'^'l  ^^^^  ''P 

tammg  together  about  fifty  pounds  of  bones  are  arra. ^pH    I  ''•T^'" 

other,  in  an  oven  like  a  polter's  kiln  till  Uis  fiXd     tF  ^"d  over  each 
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bricks,  and  plastered  over  with  loam.  'J'his  door  is  seen  in  fig.  202.  f  f  are  the 
lateral  flues  for  conveying  the  disengaged  gases  intorfhe  air. 


Fia  205  is  a  longitudinal  section,  oaAfig.  206  a  ground  plan  of  a  horizontal  kiln 
for  calcining  bones,  a  is  the  fire-chamber,  lying  upon  a  level  with  the  sole  of  the 
kiln  ■  it  is  separated  by  a  pillar  I,  from  the  calcining  hearth  c.  In  the  pillar  or  wall, 
several  rows  of  holes,  d,  are  left  at  different  heights;  e  is  the  entrance  door ;  /.  the 
outlet  vents  for  the  gases,  vapours,  and  smoke,  into  the  chimney^;  h,  a  shdmg 
damper-plate  for  regulating  the  admission  of  the  air  into  the  fire  in  the  space  a. 

Brthfs  arrangement  the%ffensive  emanations  are  partly  consumed,  and  partly  car- 
ried off  with  the  smoke.  To  destroy  the  smell  completely,  the  smoke  should  be  made 
(n  nnss  throuah  a  second  small  furnace.  .  ,  ,  ■, 

The  number  of  pots  that  may  be  put  into  a  kiln  of  this  kind  depends,  of  course, 
>=^^Pn<,ions  •  but  in  general,  from  100  to  150  are  piled  up  over  each  other  in 
'ronee  •  tU  gr"  at"st\eat  bdng  nearest  the  roof  of  the  kiln,  which  resembles. 

'''rd^^!£'^T\:Sol%^:^  Sr^r-bricks.  m  the  o^ong  one,  the 
«  ^""^ftirTj^vX^T^Zilrooi;  in  the  upright  one,  near  the  sole;  and  the  pots. 

n!;^a  nin^  he  We  lumps  of  bones  should  be  pllced  accordingly  near  the  top  of  the 
Tmer  anVSe  Sm  of^^^^  latter.'    Such  a  kiln  may  receive  about  seventy  double 

rSrrtrSv^^^^ 

^r^o  Hh  fo^naS    When  thL  is  doL  the  brick-work  of  the  entrance-door 
opened  to  cool  th^ton^'^e^^  immediately  filled  agam  with  a 

f  of  nots  prero'usfy  filled  with  bones,  and  luted  together :  the  pots  whicti  have 
set  of  01  pots  previoubij'  uuc  ,  onened  and  the  contents  put  into 

teen  ig^'ted  may  in  ^he  co-^^  cylinder  r/ort,  the 

;teT\'dnrrake?o;^oTt™s"tbe  instantly  fossed  into  a  receiver,  which  can  be 
covered  in  air-tight  till  they  are  cool  ,  their  weight  in  the  calcination. 

The  bones  lose  upon  an  J^.^^^g'^^^^^^'^;  "^.^ie^c^  ?as  shown  that  it  is  so  much  more 

.E^t^^dL^ntfatty  'flefhy  and  tendin^^^^^  matters.    ^^^^^  ^ 

The  charcoal  is  ground  in  '^''^J^l'^ P^^IZ^^^^  box,  furnished  at  its 

tion  of  dust.  The  bo^^^^^^^^^^^S^.^"  b  ?ween  wh  ch  Ae  roller'  revolves  ;  they 
lower  aperture  with  movable  f«f  .^^'J^^aoTir  completed  by  another  pair  of 
are  thus  coarsely  broken  ^J.P' ^^^ra^d  Ci er  to,  or  further  from,  each  other  at 
XS^rT^  '::rekZl:L^l^^^^^^      oHleves;  which  separate  the  dust  from 

'•^\^::tiiposition  of  Perf^ly  ^ack^ of  S^^;:^ 

rhosphate  of  li.ne,  ^1^^  carbonate  of    me  a^  ^  P^^^^    charcoal  containing 

rut^^r5Vit;^:n:^rpr  ^  Non^:^^^^^^ 

possesl'separately  any  '^'"^.C^'euliar  absorbing  and  decolouring  power  of 

anJU^LS^^asXrr^^^^  of  .,.4  origin  ;  but  it  was  found. 
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by  Graham,  that  inorganic  substances  are  equally  subject  to  this  action  ;  and  later 
experiments  have  demonstrated  that  there  are  few,  if  any,  chemical  compounds  which 
altogether  resist  the  absorbing  power  of  charcoal.    The  action  is  of  a  mechanical 
nature,  and  in  some  cases  it  is  sufficiently  powerful  to  overcome  chemical  affinities 
of  considerable  power.    It  is  not  confined  to  charcoal,  though  pre-eminent  in  this 
substance,  in  consequence  of  the  immense  extent  of  surface  which  its  porous  structure 
presents.    The  action  of  charcoal  in  sugar  refining  has  been  particularly  studied  by 
Liidersdorf.    When  the  defecated  saccharine  juice  is  allowed  to  flow  upon  a  moist 
and  firmly  compressed  charcoal  filter,  pure  water  is  the  first  product  that  passes 
through ;  but  a  considerably  larger  quantity  is  obtained  than  was  employed  for  mois- 
tening the  charcoal.    Water  is  then  obtained  of  a  decidedly  saline  character,  which 
increases  in  strength,  and  after  this  has  passed  through  for  some  time,  a  sweet 
taste  becomes  perceptible,  which  gradually  increases,  and  at  last  entirely  masks 
the  salme.    This  purely  sweet  fluid  continues  to  flow  for  some  time  ;  after  which  the 
liquid  acquires  an  alkaline  reaction  from  the  presence  of  caustic  lime  ;  it  then  becomes 
coloured,  the  liquor  getting  gradually  darker,  till  the  action  of  the  charcoal  ceases. 
Lime  IS  completely  abstracted  from  lime  water  by  bone  charcoal ;  and,  according  to 
the  experiments  of  Chevallier,  lead  salts  are  likewise  entirely  absorbed  the  acetate 
the  most  readily.    It  has  also  been  shown  by  Graham,  that  iodine  even  is  separated 
from  iodide  of  potassium.    The  commercial  value  of  animal  charcoal  has  usuallv 
been  estimated  by  its  decolouring  power  on  sulphate  of  indigo  ;  its  absorbent  power 
which  IS  a  property  of  equal,  perhaps  of  greater  importance,  may,  according  to  m! 
Corenwinder,  be  determined,  approximatively,  by  the  quantity  of  lime  which  a  given 
weight  will  absorb.    For  this  purpose  he  employs  a  solution  of  saccharate  of  lime  of 
known  strength.    An  acid  liquor  ,s  first  prepared,  composed  of  20  grammes  of  pure 
oil  of  vitriol  diluted  with  water  to  exactly  1  litre.    A  solution  of  saccharate  of  lime 
s  then  prepared,  by  dissolving  125  to  130  grammes  of  white  sugar  in  water  adding 
thereto  15  to  20  grammes  of  quick-lime,  boiling  the  liquid,  and  then  filtlrin  ^'to  seoa- 
rate  the  undissolved  lime.    This  solution  is  prepared  of  s^ch  a  naturrS  it  w  l?be 
exactly  saturated  by  the  same  volume  of  the  dilute  sulphuric  acid.    By  add iZ  the 
atter  to  50  cubic  centimetres  of  the  liquid  filtered  from  the  animal  charco^al!  it  s  easv 
0  see  how  many  degrees  of  the  burette  are  required  to  complete  the  satura  on  of 
he  lime.    Suppose  35  are  required  for  this  purpose,  100-35  =  65,  wLch  reni^^^^^^ 
he  proportion  of  lime  absorbed  by  the  charcoal  ■  this  is,  therefore,  hrnumber^  enre 

wl°f  of  V'"".'^"'''^-  ,  ^  '^"'■'^"e  graduated  fr^m  the  bottom  ^the 

degree  of  the  charcoal  experimented  upon  may  be  read  directlv 
This  decolourising  power  does  not  belong  alone  to  bone  black;'  difi'erent  varieties  of 

water  kneading  into  it  20  partSf'ar^and^rot^relf^^^^^^^^^ 

process  the  subiect  of  a  natent    Thp7w„„  i  P'^'^''^''  ^^^s  made  the  following 

ft  has  been  emiloyel  for  t£  purposes  of  cSi^^^^^  tt"  '"""^  "^^^^'^  '°  "^-^ 

washed  with  the  p^est  water  tCan  be  Ob                  1  *°  thoroughly 

rine  matter  adhering  to  7t     wrn?hp  1°?                      '°  ^'1  the  saccha- 

coal  is  laid  out  toiy,1kheT  b  the  oZ  ^^'^  ^har- 

fectly  free  from  moistoe    t  i  to  £  sennr.tpH         ^  'T^^^  ^''^  ^l>en  per- 

»iilim  each  crocible,  and  Lsue  onf  n™  ,?   '    '^  ^'^         l>e  Smmied 

betogof..  i,,a.„„iM4.2;;  fXtolTt^°^ 
:fhi^a^3s-srr;'/i^^f^^ 
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A  process  for  the  restoration  of 
bone-black,  or  animal  charcoal, 
■was  made  the  subject  of  a  patent 
by  Messrs.  Bancroft  and  Mac 
Innes  of  Liverpool,  -which  con- 
sists in  washing  the  granular  char- 
coal, or  digesting  it,  when  finely 
ground,  with  a  weak  solution  of 
potash  or  soda,  of  specific  gravity 
1  '06.  The  bone  black  which  has 
been  used  in  sugar  refining  may  be 
thus  restored,  but  it  should  be  first 
cleared  from  all  the  soluble  filth  by 
means  of  water. 

Mr.  F.  Parker's  method,  patented 
in  June,  1839,  for  effecting  a  like 
purpose,  is  by  a  fresh  calcination, 
as  follows  : — 

Fig.  207  represents  a  front  sec- 
tion of  the  furnace  and  retort ;  and 
Jig.  208  a  transverse  vertical  sec- 
tion of  the  same,  o  is  a  retort,  sur- 
rounded by  the  flues  of  the  furnace 
i ;  c  is  a  hopper  or  chamber,  to 
  a  which  a  constant  fresh  supply  of 

be  safely  withdrawn,  so  as  to  allow  more  to  fall  progressively  qowu  ,  y 

meter,  with  a  Slide  door.— H.  M.  N.  pr  the  sheets  of  a  book,  and 

BOOKBINDING.    The  process  of  sewing  together  the  sneers  oi  a  u  , 

securine:  them  with  a  back  and  side-boards.  ,  , 

'ToZ  are  said  to  be  either  stitched  or  in  J-rrf.,  or 

first  consists  simply  of  stitching  the  sheets  ogether.  The  second,  ot  piac  g 

after  they  have  been  stitched,  between  millboard  sides,  ^^ich  are  covered         p  P^^ 

or  cloth,  and  with  the  backs  lettered  and  ormmien ted.  J^^  P;;^^  a  back  of 

perfectly  securing  the  leaves,  and  of  Pl^^^'^g^^ii^J^'^  Voks  are  whole  bound 

leather,  the  side-boards  ^emg  covered  wi  h  ^arbk  P^^^^^   Bookbinding  is  performed 

J^Vf^Lt^y— --TtsTe^^^^^^ 

According  to  th^e  form  in  which  the  book  is  to  appear,  as  follows  .-^^^^^ 
The  folio  consists  of  -       -       "       "       "       .     4  „ 
„  quarto  of  -       -       "      "       [       [  Is," 
„   octavo  01  -       -       "      "  .      -    12  , 

„   duodecimo  of    -       -       -       "      "  " 

When  the  leaves  are  thus  ^olde"  ^Vo^ith^^'^a^^^^^^^^^^^ 

^:-^^v^:^:^£^'X^"^^-- 

?Hed,  would  "  set  off  "  on  the  oP^site  V^fJ^  f^r  smoothing  and  condensing 

The  employment  m  bookbinding  ?*/Xoh  books  have  usually  received,  is  an 
the  leaves!  instead  of  the  hammering  L  Mr.  W.  Burn.   His  press 

mprovement  introduced  several  years  ago  into  fte  «ade  ^ay 
consists  of  two  iron  cylinders  .^'^^iX  ^^tPS  ol  oL  man,  or  of  two  if  need 
by  means  of  a  screw,  and  Z  front  of  the  press  sits  a  boy  ^^ho  gathers 

be  applied  to  one  or  two  ^'°e^:^^™-/""  or  four  upon  a  piece  of  tin  plate  of  the 
th;  sheets  into  packets,  by  placing  ^^^^Mhiee  or  f^^^^^^  P_^^  ^^^^  ^roceoii^S  ^7 

same  size,  and  covering  '^^'^J'^'^^f  ^  ets  till  a  sufficient  quantity  ha?  ^een  pu 
alternating  tin  Plates  and  bundles  ot  sh^^^^        thickness  of  the  paper     The  packet 
together,  which  will  depend  o'^^t^^^XrSved  by  the  man  who  turns  the  ^'-nch,  and 
,s  then  passed  between  the  rollers  and  «ceiveQ   y  ^.^  p,^  the 

who  has^ime  to  lay  the  sheets  on  one  side  and  to  h  ^^^^  p^,,,^ 

time  that  the  boy  has  prepared  a  second  pacKe 
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through  the  press  in  one  minute,  whereas  the  time  necessary  to  beat  it  would  be 
twenty  minutes.  It  is  not,  however,  merely  a  saving  of  time  that  is  gained  by  the 
use  of  the  rolling-press  ;  the  paper  is  made  smoother  than  it  would  have  been  by  beat- 
ing ;  and  the  compression  is  so  much  greater,  that  a  rolled  hook  will  be  reduced  to 
about  five-sixths  of  the  thickness  of  the  same  book  if  beaten.  A  shelf,  therefore,  that 
will  hold  fifty  books  bound  in  the  usual  way  would  hold  nearly  sixty  of  those 
bound  in  this  manner  —  a  circumstance  of  no  small  importance,  when  it  is  con- 
sidered how  large  a  space  even  a  moderate  library  occupies,  and  that  book-cases 
are  expensive  articles  of  furniture.  The  rolling-press  is  now  substituted  for  the 
hammer  by  our  principal  bookbinders. 

After  the  sheets  have  been  thus  prepared,  they  are  sewed ;  for  which  purpose 
the  sewing-press  is  employed. 

Fig.  209  represents  the  sewing-press,  as  it  stands  upon  the  table,  before  which 
the  bookbinder  sits.  Fig.  210  is  a  ground-plan  without  the  parts  a  and  ii  in  the 
former  figure.  A  is  the  base-board,  supported  upon  the  cross-bars  m  n,  marked 
with  dotted  Imes  in  fig.  210.  Upon  the  screw  rods  rr,  fig.  209,  the  nuts  <rf  serve 
to  fix  the  flat  upper  bar  n,  at  any  desired  distance  from  the  base.  That  bar  has 
a  slit  along  its  middle,  through  which  the  hooks  below  zz  pass  down  for  receivino- 
the  ends  of  the  sewing  cords  p/>,  fixed  at  y  y,  and  stretched  by  the  thumb-screws 
zz.  The  bar  yy  is  let  mto  an  oblong  space  cut  out  of  the  front  edge  of  the  base- 
board, and  fixed  there  by  a  movable  pin  a,  and  a  fixed  pin  at  its  other  end  round 
which  It  turns.  The  cords  or  packthread,  called  "bands,"  are  fixed  at  distances 
agreeably  to  certain  saw-marks  made  in  the  backs  of  the  sheets.  The  thread  is  drawn 
through  the  middle  of  each  sheet  and  turned  round  each  band,  beginning  at  the  first 
and  proceeding  to  the  last.  The  number  of  bands  is  usually  six  for  folios,  and  five 
lor  quartos,  three  or  four  being  employed  for  smaller  sizes. 
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fflu^d  *  Th^^^!.'  ^V^-^  f together,  and  secured  around  the  bands,  the  back  is 

for  th;  r   eption  of  the  '^^^^^^^^^^  "'^'^.'^         ^V^^S^t  upofa  sort  of  chest 

and  to  tre'ffhfnfofTe'workmS'        ^^'^'T  "P^"^ 
upon  its  under  snrfLp  fZ  J    -^l  .        Pressbar,  or  beam  a,  has  two  holes  «  „ 

The  screw  rods    S^f/ouirtTo^an.Pd'^^P'?'  t"?"^^  °°  '""^  °f 

end;  their  head;?rL?ng^'dTyff  ?hout'rro?  ^TheT'^H'^'  '  "PP^^ 
holes  into  which  lever  nins  arp  thmcf  ftT  °       The  heads  are  pierced  with 

a  remains  imnioSS^h  le  he  paianti^ar^^^  "P-    The  heavy  beam 

by  the  two  screws.    T^ie  two  rubers  I  I  sPrvT  .c    ^-^""^     ^'"""g'^*  ^"""^  it 

parallel ;  and  the  two  parallel  lath  harV/,  !         f  l*^"'  '°  l'''''^^       "^"t'^^s  truly 

plough,  whose  knife  isX^J  If   tu^  1%^^^^^  ^  ''''  ^  «^ 

po4S:i^mSm^.s  ;Ssii^;t  ^-'^  ^^-^  - 

nsed,  being  known  as  Wilson's  cuttin^marineCthfmU^^  ^P'^ff  '^^'^^ 
an  end  elevation  of  the  machine;  t  213  r=^dVvtw  ifT'  ""epresents 
reference  indicating  the  same  part^  ^ttl'Llyite 'IT^c^^^^^^^^^  °f 
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a  is  the  top  cross  bar  -Vfith  rectangular  grooves  i  6  c  are  side  posts;  dd  cross  feet 
to  the  same,  with  strengthening  brackets  ;  e  e  a  square  box  in  which  the  press  stands, 
for  holdin^'waste  cuttings.  Fig.  214  is  a  cross  section  of  the  upright  posts  c  c  taken 
liorizoutalTy.  There  are  rectangular  grooves  in  the  upright  posts,  for  the  projecting 
ends  of  the  cast-iron  cross  bracket  /  to  slide  up  and  down  in.  In  the  middle  of  the 
under  side  of  this  piece  /  there  is  a  boss,  within  which  is  a  round  recess,  to  receive 
the  top  of  tlie  screw  g,  which  works  in  the  cast-iron  cross  piece  h,  similarly  made  with 
the  former,  but  bolted  firmly  to  the  posts  c  c.    Upon  the  screw  g  there  is  a  circular 


handle  or  ring  i,  for  partially  turning  the  screw,  and  immediately  over  it  cross  holes 
for  tightening%he  press  by  means  of  a  lever  bar.  Upon  *e  cross  piece /is  bolted 
the  board  i,  and  upon  each  end  of  this  board  is  made  fast  the  rabbetted  pieces  k  k,  for 
another  board  Z  to  slide  in.    Across  the  middle  of  this  board,  and  parallel  to  the 


216 


218  n 

H 

V  m 

\ 

1  ^ 

) 

^^Aa.  foet  -whicli  fits  into  a  groove  at  the  bottom  of 
pieces  h  k,  the  tongue  piece  m  ^^^^J^'^' ^f^f^  seen  at  fy.  215;  and  immediately 
board  A  horizontal  '^^P'^^^^f  f  T  ?/and  /  connected  together,  and  a  side 
under  this  view  is  also  seen  an  end  view  ot  i  ana  j  ^  ^^^^^^^^  ^^^^^  ^ 

view  of  /  by  itself.  In  the  "^^f '^J.^,  ^'^^S  he  "material  to  be  cut,"  with  a 
turn  upon,  and  upon  ^ '«Jf  ^  ^^^^^  J  ece  which  is  to  be  divided  upon  its  edge 
^^Z^V^is^^^^^  -tionary  index  on  the  board  /  to  point  to 

^twillnow  be  understood  that  the  .a.^^^^^^^^^^^ 

the  centre  pin  of  the  board  »,  and  also  J^at  ^)otU  .  a  ^.^^  ^^.^^  ^^.^^  ^^^^^^ 

ward  and  forward  under  the  top  cro?^  pi<^cc     an  oei 
surfaces  of  which  should  also  be  divided  into  inclies  ana 
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The  plough  (fig.  216)  is  made  to  receive  two  knives  or  cutters,  and  which  are 
situated  in  the  plough  in  the  following  manner : — The  plough  is  composed  of  three 
principal  parts — namely,  the  top,  and  its  two  sides.  The  top,  o,  is  made  the  hreadth 
of  the  cross  piece  a,  and  with  a  handle  made  fast  thereon.  The  sides,  p  p,  are  bolted 
thereto  with  bolts  and  nuts  through  corresponding  holes  in  the  top  and  sides.  The 
figures  give  inside  views  and  cross  sections  of  the  details  of  the  manner  in  which  the 
cutters  and  adjustments  are  mounted.  A  groove  is  cut  down  each  cheek  or  side,  in 
which  are  placed  screws  that  are  held  at  top  and  bottom  from  moving  up  and  down, 
but,  by  turning,  they  cause  the  nuts  upon  them  to  do  so;  they  are  shown  at  q  q. 
These  nuts  have  each  a  pin,  projecting  inwards,  that  goes  into  plain  holes  made  in  the 
top  ends  of  cutters  r  r. 

The  cutters  and  the  work  for  causing  them  to  go  up  and  down  are  sunk  into  the 
cheeks,  so  as  to  be  quite  level  with  their  inner  surfaces.  Fig.  217  shows  one  of  those 
screws  apart,  how  fixed,  and  with  movable  nut  and  projecting  pin.  The  top  of  each 
screw  terminates  with  a  round  split  down,  and  above  it  a  pinion-wheel  and  boss 
thereon,  also  similarly  split.  This  pinion  fits  upon  the  split  pin.  Above,  there  is 
cross  section  of  a  hollow  coupling  cap,  with  steel  tongue  across,  that  fils  into  both  the 
cuts  of  the  screw  pin  and  pinion  boss,  so  that,  -when  lowered  upon  each  other  they 
must  all  turn  together.  In  the  middle  and  on  the  top  of  the  upper  piece,  o,  the'large 
wheel,  s,  runs  loose  upon  its  centre,  and  works  into  the  two  pinion  wheels  1 1.  The 
wheel  s  has  a  fly  nut  with  wings  mounted  upon  it.  ' 

It  will  now  be  seen,  when  the  plough  is  in  its  place,  as  at  fig.  218,  that  if  it  be  pushed 
to  and  fro  by  the  right  hand,  and  the  nut  occasionally  turned  by  the  left,  the  knives 
or  cutters,  will  be  protruded  downwards  at  the  same  time,  and  these  either  will  or  wili 
not  advance  as  the  coupling  caps,  u  u,  are  on  or  off.  The  ribs,  i;  v,  run  in  the 
grooves,  b  b  {fig.  212),  and  keep  the  cutters  to  their  duty,  working  steadily  The  top 
cross  bar,  c,  is  the  exact  breadth  of  a  bank  note,  by  which  means  both  knives  are 
made  to  cut  at  the  same  thne.  The  paper  is  cut  uniformly  to  one  length  and  accu- 
rately square.  By  the  use  of  this  machine,  the  air-pump  paper- wetting  apparatus, 
and  appendant  press,  the  paper  of  45,000  notes  is  fully  prepared  in  one  hour  and 
a  half  by  one  person  and  may  then  be  printed.  It  is  not  so  much  injured  bv  this 
process  as  by  the  ordinary  method  of  clipping  by  hand,  soaking  it,  &c.  The  wood- 
cuts to  fig.  222  represent  the  plough  in  its  different  positions  -i  ne  wooa 
One  of  the  improvements  in  the  art  of  bookbinding  is  that  for  which  Mr.  William 
Hancock  Ob  ained  a  patent.  After  folding  the  sheets  in  double  leaves,  he  placS 
them  venically,  with  the  edges  forming  the  back  of  the  book  downwards,  i^aconcave 
mould,  of  such  rounded  or  semi- cylindrical  shape  as  the  back  of  the  book  is  intendid 
to  have.  The  mould  for  this  purpose  consists  of  two  parallel  upright  boards  set 
apart  upon  a  cradle  frame  each  having  a  portion  or  portions  cut  out  ver  icaHy  some 
what  deeper  than  the  breadth  of  the  book,  but  of  a  width  nearly  equal  to  ts  hkkness 

ft oi^  Iffii^""''!' °/  '^^^^  "P"g*»'  ^•'^'•'i^  l>e  slidden  nearer  to  or  farther 
from  Its  fellow,  by  means  of  a  guide-bar  attached  to  the  sole  of  the  cradle  Thus  thi 
di  tance  between  the  concave  bed  of  the  two  vertical  slots  in  which  the  book  re  Js 

the  form  given  to  the  back  by  the  mould  in  which  it  lav  THp^'.^^  °  ?  W^^^^^^e 
to  the  action  of  the  press.    The  back  whiclTt  Ipf  J  ^'  7  }f  subjected 

then  smeared  carefully  by  the  fineers  wkt  n    of  ""'^l  '^^Ohthj  in  front,  is 

paper  edge  receives  a  smaU  Jo  tfo/rfthe  cemenf    I?  a  few'^''^""-^^  ^^"^J'^  ^^^'^ 

sewing,  sawing-in,  hammering  the  back,  or  the  use  rf^^  of  stitching, 

leaves  attached  by  thread  stitches  at  two  or  three  nointl  wf  ^  S'"^-  I^^'ead  of 
securely  along  their  whole  length.  Books  bound  fn  ^ht,  1  agglutinated 
upon  a  table,  without  strain  or  resiUence  that  thtv  Irl  °P«°  «°  Perfectly  flat 
student,  the  musician,  and  the  merchanf  Tit  .«nnU.  '^''^'^^  comfortable  to  the 
repulsive  to  insects  and  not  aSd  bvhiam  ditv  T;^^^^  moreover,  being 

superiority  over  the  old  method  with  ^paste  or  ^lu^e     Poi''  ^'"'^'^g 
ledgers,  this  binding  is  admirably  adajted  becfise  it  SL^T^'^^''  ^'^d 
Played  most  freely  without  the  ^risk  ^2^^^:^^^^  ^l^^L^, 
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three  or  four  stitches  should  be  made.  The  leaves  o^miisic  books  bound  with  caout- 
chouc, when  turned  over,  lie  flat  at  their  whole  extent,  as  if  in  loose  sheets,  and  do 
not  torment  the  performer  like  the  leaves  of  the  ordinary  books,  which  are  so  ready  to 
spring  back  again.  Manuscripts  and  collections  of  letters  which  happen  to  have  little 
or  no  margin  left  at  the  back  for  stitching  them  by,  may  be  bound  hy  Mr.  Hancock's 
plan  without  the  least  encroachment  on  the  writing.  The  thickest  ledgers  thus  bound 
open  as  easily  as  paper  in  quire,  and  may  be  written  on  up  to  the  innermost  margin 
of  the  book  without  the  least  inconvenience. 

An  ingenious  invention,  for  which  Mr.  Thomas  Richards,  of  Liverpool,  bookbinder, 
obtained  a  patent  in  April,  1842,  is  called  by  him  "mechanical  bookbinding."  He 
employs,  1st,  a  mechanism  to  sew,  weave,  or  bind  a  number  of  sheets  together  to  form 
a  book,  instead  of  stitching  them  by  hand ;  2ndly,  a  table  which  slides  to  and  fro  to 
feed  or  supply  each  sheet  of  paper  separately  into  his  machine ;  also  needle  bars,  or 
holders,  to  present  needles  with  the  requisite  threads  for  stitching  such  sheets  as  they 
are  supplied  with  in  succession.  He  has,  moreover,  a  series  of  holding  fingers,  or 
pincers,  suitably  provided  with  motions,  to  enable  them  to  advance  and  clasp  the 
need  ks.  draw  them  through  the  sheets  of  paper,  and  return  them  into  their  respective 
holders  after  threading  or  stitching  the  sheet;  lastly,  there  are  arms,  or  levers,  for 
delivering  each  sheet  regularly  upon  the  top  of  the  preceding  sheets,  in  order  to  form 
a  collection  or  book  of  such  sheets,  ready  for  boarding  or  finishing.  A  minute 
description  of  the  whole  apparatus,  with  plates,  is  given  in  Newton's  "Journal,"  C.S. 
xxiii.  157. 

After  the  sides  have  been  attached  to  the  book,  they  have  to  be  covered  with 
leather.  For  this  purpose,  the  prepared  skin,  moistened  with  water,  is  cut  to  the  size 
of  the  book,  and  the  thickness  of  the  edge  is  pared  off  on  a  marble  stone.  It  is  next 
smeared  over  with  paste  made  of  wheat  flour,  stretched  over  the  millboard  on  the 
outside,  and  doubled  over  the  edges  within.  The  book  is  then  corded,  that  is,  bound 
firmly  betwixt  two  boards  to  make  the  cover  adhere  strongly  to  the  millboard  and  the 
back,  on  the  exact  performance  of  which  the  neatness  of  the  book  in  a  great  measure 
depends.  The  back  is  then  warmed  at  the  fire  to  soften  the  glue,  and  the  leather  is 
rubbed  down  with  a  bodkin  or  folding  stick,  to  set  and  fixed  it  close  to  the  back  of 
the  book.  It  is  now  set  to  dry,  and,  when  dry,  the  boards  are  removed;  the  cover  of 
the  book  is  then  washed  or  sprinkled  over  with  a  little  paste  and  water,  the  edges 
then  sprinkled  with  a  fine  brush,  by  striking  it  against  the  hand  or  a  stick,  or  with 
large  spots,  by  being  mixed  with  the  solution  of  green  vitriol,  or  they  are  marbled. 
Two  blank  leaves  are  then  pasted  down  to  the  cover,  and  the  edges  of  the  leaves, 
when  dry  are  burnished  in  the  press,  and  the  cover  rolled  on  its  edges.  The  cover 
is  now  glazed  twice  with  the  white  of  an  egg,  filleted,  and,  last  of  all,  polished,  by 
passing  a  hot  iron  over  the  glazed  colour. 

Nothing  places  in  so  striking  a  point  of  view  the  superior  taste,  judgment,  and 
resources  of  London  tradesmen  over  those  of  the  rest  of  the  world,  than  the  extensive 
substitution  which  they  have  recently  made  of  embossed  sUks  and  calicoes  for  leather 
in  the  binding  of  books.  In  old  libraries,  cloth-covered  boards  indeed  may  occasion- 
ally be  seen,  but  they  have  the  meanest  aspect,  and  are  in  no  respect  to  be  compared 
with  our  modern  cloth  binding.  The  silk  or  calico  may  be  dyed  of  any  shade 
which  use  or  fancy  may  require,  impressed  with  gold  or  silver  foil  in  ejery  form 
and  variegated  by  ornaments  in  relief,  copied  from  the  most  beautiful  productions  in 
nature.  This  new  style  of  binding  is  distinguished  not  more  for  its  durability,  ele- 
eance  and  variety,  than  for  the  economy  and  despatch  with  which  it  ushers  he 
offsorinrof  InteUect  into  the  world.  For  example,  should  a  house  eminent  in  this 
nne^  recdve  5000  volumes  from  Messrs.  Longman  and  Co.  upon  Monday  morning 
hev  can  have  them  aU  ready  for  publication  within  the  incredibly  short  period  of  two 
da/s    The  reduction  of  price  is  not  the  least  advantage  incident  to  the  new  method, 

vnx,iHlv  th,^n^h  a  roller  press  between  engraved  cylinders  of  hard  steel,  whereby  t 
rSs  at  ote  tht  mpre^^^^  of  the  back  and  the  sides  along  with 

embossed  designs  over  the  surface  in  sharp  relief.    The  cover  thus  rapidly  fashioned 

St  of  depreSn  to  moth!  and  other  insects  than  ordinary  leather  has  been  found 
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part  of  the  eigbteenth  century.  Boracic  acid  was  formerly  called  Homhcrg's  sedative 
salt. 

This  acid  occurs  in  several  minerals,  particularly  as  tincal,  or  crude  biborate  of 
soda,  which  is  found  in  the  form  of  incrustations  in  the  beds  of  small  lakes  in  Thibet, 
■where  it  is  dug  up  during  the  hot  season.  Sassolin,  so  called  from  its  having  been 
first  obtained  from  one  of  the  localities  in  Tuscany,  named  Sasso,  is  native  boracic 
acid.  It  is  found  abundantly  in  the  crater  of  Vulcano,  one  of  the  Lipari  Islands, 
foi-ming  a  layer  on  the  sulphur  and  around  the  fumaroles,  or  exits,  of  the  sulphurous 
exhalations.  The  native  stalactitic  salt,  according  to  Klaproth,  contains  mechanically 
mixed  sulphate  of  magnesia  and  iron,  sulphate  of  lime,  silica,  carbonate  of  lime,  and 
alumina.  Erdmann  has  stated  that  sassolin  contains  3-18  per  cent,  by  weight  of  am- 
monia, and,  instead  of  being  pure  boracic  acid,  that  it  is  a  borate  of  ammonia.  Native 
boracic  acid  is  composed  of  boracic  acid,  56-4  ;  water,  43-6. — Dana. 

Hayescine  is  another  mineral  containing  boracic  acid,  which  has  been  within  the 
last  few  years  imported  in  Liverpool  from  Peru.  Hayescine  is  a  borate  of  lime, 
having  a  composition  of  boracic  acid,  45-46;  lime,  14-32;  soda,  8-22;  potash,  0-51; 
sulphuric  acid,  MO  ;  chloride  of  sodium,  2-65  ;  sand,  0-32.  This  analysis  was  made 
by  Mr.  A.  Dick  in  the  metallurgical  laboratory  of  the  Museum  of  Practical  Geology. 
It  occurs  over  the  dry  plains  of  Iquique,  in  Southern  Peru,  in  white  reniform  mass'es, 
from  the  size  of  a  hazel  nut  to  that  of  a  potato,  where  it  is  called  tiza. 

In  many  other  parts  of  South  America,  minerals  containing  boracic  acid  are  known 
to  exist ;  and  they  are  said  to  be  abundant  in  some  parts  of  Brazil.  The  great 
supply  of  boracic  acid,  however,  is  derived  from  the  Boracic  Acid  lagoons  of  Tuscany. 
Before  the  discovery  of  this  acid,  in  the  time  of  the  Grand  Duke  Leopold  I.,  by  the 
chemist  Haifer,  the  fetid  odour  developed  by  the  sulphuretted  hydrogen  gas  and  the 
disruptions  of  the  ground  occasioned  by  the  appearance  of  new  suffioni,  or  vents  of 
vapour,  had  made  the  natives  regard  them  as  a  diabolical  scourge,  which  they  sought 
to  remove  by  priestly  exorcisms ;  but  since  science  has  explained  the  phenomena,  the 
Juniachi  have  become  a  source  of  public  prosperity,  and,  were  they  to  cease,  would 
be  prayed  to  return.  The  vapours,  containing  a  very  minute  quantity  of  boracic  acid 
which  issue  from  the  lakes  in  the  lagoons  of  this  volcanic  district,  keep  the  waters 
always  at  a  boihng  temperature;  hence,  after  impregnation  for  20  or  30  hours  by 
the  steams  pouring  through  the  highest  lake,  the  waters  are  drawn  off  into  a  second 
lake,  to  suffer  a  fresh  impregnation.  Thence  they  are  drawn  into  a  third,  and  so  on 
till  they  reach  the  lowest  receptacle.  In  this  passage  they  get  charged  with  i  per 
cent,  of  boracic  acid.  They  are  then  concentrated  in  leaden  reservoirs  by  the  heat  of 
tne  vapours  themselves. 

The  liquid  after  having  filled  the  first  compartment,  is  diffused  very  gradually  into 
the  second,  then  into  the  third,  and  successively  to  the  last,  where  it  reaches  such  a 
state  of  concentration  that  it  deposits  the  crystallised  acid  ;  the  workmen  remove  it 
immediately  by  means  of  wooden  scrapers.  This  mode  of  gradual  concentration  is 
very  ingenious,  and  requires  so  few  hands,  that  it  may  almost  be  said  that  the  acid  is 

was  3?34To9T  T-an^        ^  r'"      '''''  ^^^^  1"-'!'^  °f  manufactuT-ed 

un^whii'l'tt™''*'"^  the  product  at  7500  lbs.  per  day,  the  quantity  of  saturated  wafer 
upon  which  they  operate  is  1,500,000  daily,  and  annually  547,500,000  lbs. 
b  Jp  rp     -""^  '°  ^'"''''"y  10,000,000  francs.   It  is  surprising  that  it  should 

?or  the  sktlTof  r  ^'"w^'T      ^°  Try         ^"-^  have  been  re  erved 

mercha^J  ijL?''"'  ^ardprel  of  Monte  Cerboli  _  before  1818  a  simple  wanderiiig 
merchant,  entirely  unacquainted  with  scientific  researches  —  to  discover  the  nature  of 

vZfr  pP?"'  and  render  them  a  source  of  inexhaustible  wealth! 
tion  of   rTi  '"^'^'^  ;?eP°rt      the  Chemical  Products  of  the  Great  Exhibi- 

tion oi  1851,  thus  speaks  of  Larderel's  discovery:—  cai  i.xniw 

a  volcanic  soil  is  condensed  and  tb?  r^ilTt.  !?    \  J^^""  ^^P"*""  f'om 

tains  (not  e^cee^ZTs  l%7^^^^^^  proportion  of  boracic  acid  which  U  con- 

acid  thus  obtained  greatly  excpprk  in  n„n-n,w^  ti      V,      ^       •  ^'^^  boracic 
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combined  with  the  oxide  of  zinc  instead  of  oxide  ot  lead." — Reports  of  the  Jurors  of 
the  Great  Exhibition  of  1 1. 

The  violence  -with  which  the  scalding  vapours  escape  from  the  suffioni  gives  rise  to 
muddy  explosions  ■when  a  lake  has  been  drained  by  turning  its  waters  into  another 
lake.  The  mud  is  then  thrown  out,  as  solid  matters  are  ejected  from  volcanoes,  and 
there  is  formed  in  the  bottom  of  the  lake  a  crowd  of  little  cones  of  eruption,  whose 
temperatures  when  in  activity  and  play  are  generally  from  120°  to  145°  C,  and  the 
clouds  which  they  form  in  the  lagoons  constitute  true  natural  barometers,  whose 
greater  or  less  density  rarely  disappoints  the  predictions  that  they  announce  to  the 
inhabitants  of  those  lagoons. 

The  boracic  acid  of  the  Tuscan  lagoons  is  obtained  from  nine  different  works 
belonging  to  Count  Larderel,  the  produce  of  which  is  on  the  average  as  follows: — 

36,000  lbs.  per  month. 


Sasso 
Larderello 
Lervazano 
Monte  Cerboli 
Castel  Nuovo- 
Monte  Rotondo 
San  Frederigo 
Lustignauo 
Lago 


32,700 
20,270 
19,125 
16,870 
16,350 
9,000 
7,640 
5,400 


163,855  avoirdupois  pounds. 

M.  Payen  has  given  the  following  as  the  composition  of  this  crude  boracic  acid  for 
100  kilogrammes : — 

Pure  crystallised  boracic  acid 
Sulphate  of  ammonia 
„       of  magnesia 
„       of  lime  - 
Chloride  of  iron  - 
Alumina  - 
Sand,  &c.  "1 
Sulphur  J 

Hygroscopic  water  disengaged  at  35  C. 

Azotic  organic  matter 

Hydrochlorate  of  ammonia  -    _  - 

Hydrochloric  and  hydrosulphuric  acid 
The  processes  of  chemical  alteration  taking  place  beneath  the  crater  of  Vulcano, 
already  spoken  of,  may,  according  to  the  statement  of  Hoffmann  depend  upon  condi- 
tions very  similar  to^  those  existing  in  Tuscany.  There,  likewise,  sulphuretted 
hyd rogen^is  associated  with  the  boracic  acid,  and,  it  would  aPP«^r  \n  much  greater 
QuantS  since  the  fissures  through  which  the  vapour  issues  are  thickly  lined  with 
Shur^  which  is  in  sufficient  quantity  to  be  collected  for  sale.  A  profitable  factory 
sTtabliThed  at  the  place,  wSich  yields  daily,  ^f^urt^^^^^^^ 
ammonium,  about  1700  lbs.  of  refined  sulphur  and  about  600  lbs.  of  pure  alum. 

^Ttf  trade  in  boracic  acid  will  be  shown  by  the  foUowing  statements.    The  first 


] 


74  to  84 
14  to  8 

2-5  to  1-25 
7  to  5-75 

2-5  to  1 


1841. 

1842. 

1843. 

1844. 

Quantities  imported 
Quantities  exported 
Retained  for  consumption 
Nett  revenue  - 

-  cwts, 
» 

3,193 

7,333 
1 

7,245 
798 

14,986 
22 
13,716 
361 

15,060 
620 

15,9.53 
422 

The  duty  was  repealed  in  1845. 
In  1855  our  Imports  were : — 

Boracic  acid  from  Sardinia  - 
Tuscany  - 
Gibraltar- 


Cwts.  .      Computed  real  Value. 

85  -        -  ^383 

26,777  -       -  121,163 

947  -       -  4,285 

27,809  J125,831 


BORAX. 


379 


And  in  1856  ; — 

Cwts.  Computed  real  Value. 

Boracic  acid  from  Sardinia  -      -       313  -       -  £1,377 

Tuscany-       -    25,063  -       -  110,264 

Peru       -       -      1,453  -       -  6,394 

„          other  parts      -          1  -       -  4 

26,827  :ei  18,039 

BORAX.  (Borax,  Fr.;  Borar,  Germ.)  A  native  saline  compound  of  boracic  acid 
and  soda,  found  in  Thibet,  in  China,  in  Persia,  the  island  of  Ceylon,  and  in  South 
America ;  it  has  also  been  found  in  small  quantities  in  Saxony.  The  crude  product 
from  the  former  locality  was  imported  into  Europe  under  the  name  of  tincal,  and  was 
purified  from  some  adhering  fatty  matter  by  a  process  kept  a  long  time  secret  by 
the  Venetians  and  the  Dutch,  and  which  consisted  chiefly  in  boiling  the  substance  in 
water  with  a  little  quicklime. 

Gmelin  found  borax,  in  prismatic  crystals,  to  contain  46-6  per  cent,  of  water;  and 
Arvredson  gives  as  the  composition  of  borax,  in  the  calcined  state,  68-9  of  acid,  and 
31-1  soda,  in  100  parts.  M.  Payen  describes  an  octahedral  borax,  which  contains 
only  30-64  per  cent,  of  water,  and  is  therefore  preferred  by  the  braziers  in  their 
soldering  processes. 

Anhydrous  Borax,  therefore,  is  composed  of — 

1  equivalent  of  boracic  acid  ...  872  or  69-0 
1  soda   390     „  31-0 


Octahedral  Borax  — 


1262   for  100-0 


1  equivalent  of  boracic  acid       ...    872     or  47-7 


1  „  soda 
5        „  water 


390  „  21-3 
562-5  „  31-0 


Prismatic  Borax  — 


1824'5for  100-0 


1  equivalent  of  boracic  acid      -       -       .     872  or  36-55 


1         „  soda 
,,  water 


390  „  16-35 
1-125    „  47-1 


2-387  for  100-00 


Tincal  was  originally  brought  from  a  salt  lake  in  Thibet;  the  borax  was  duff  in 

time  the  holes  thus  made  were  again  filled.    The  borate  of  soda  has  been  found  a 
Potosi,  in  Peru ;  and  it  has  been  discovered  by  Mr.  T.  Sterry  Hunt  of  the  GeoWipa 
Survey  m  Canada,  from  whose  report  the  following  extract^is  made?-  «^°log'<=al 
m  the  township  of  Joly  there  occurs  a  very  interesting  spring  on  the  banks  of  the 
MeZtl^'^To*'-''  ""'"^l^  S°uci,  about  five  mUes  from  the  mills  of 

water  Ihl!  -  T'^^^  ^"^"'^^^^  three  or  four  gallons  a  minute  of  a 

Us  channel  whSth"  v/° .t^'  '""'^'^  ^"-^  ^'^^''"'^  ^  ^^'^'^  --"^r  along 

prin^r  Th  .         ^-^  P"'P''  generally  met  with  in  sulphu? 

t^afr  bein^52o7  Tb?  J^'^.^P'-'°S '°  ^^^^  ^-^ning  of  one  7th  of  July  was  46°  R, 
alkaline  and  sJt  toth.  t   .     ?f  strongly  saline,  but  when  concentrated  is  very 

rcon^WlprnWa       tlie  taste    It  contains,  besides  chlorides,  sulphates,  and  carbonate. 
redTmW  ™  '  P'-°P°'-t'°?  of  I'O'-aeic  acid,  which  is  mad^  evident  by  its  power  of 
reddening  paper  coloured  by  turmeric,  after  being  supersaturated  with  hyd^orhlork 
acid.    .    .    .    The  analysis  of  1000  parts  of  the  water  gave  as  follows  :- 
Chloride  of  sodium       ....  n.ooio 

 .      •  "         "■     U  ots lo 

„  potassium      -  n.nni?» 

Sulphate  of  soda   -       -       -       .  "       "  ° 

Carbonate  and  borate  of  do.  -       -       I       "       "  n'oonf 

Silica'  -       r^r'^ 0-0257 

Alumina      -   0'0245 

*      ■      "      -      -   a  trace 


"  The  amount  of  boracic  acid  estimated  was  found  to  be  equal  to  oSg." 
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Professor  Bechl  has  analysed  a  borate  occurring  #s  an  incrustation  at  the  Tuscan 
lagoons,  -which  aiforded  boracic  acid  43-56,  soda  19'25,  and  water  37-19.  Layonite  is 
a  mineral  of  an  earthy  yellow  colour,  which  appears  to  be  boracic  acid  and  iron ; 
while  Larderellite,  also  from  Tuscany,  is  a  compound  of  boracic  acid  and  soda.  See 
Dana,  and  "  American  Journal  of  Science." 

Borax  has  a  sweetish,  somewhat  lixivial,  taste,  and  affects  -vegetable  colours  like  an 
alkali ;  it  is  soluble  in  12  parts  of  cold  and  in  2  parts  of  boiling  water.  It  effloresces  and 
becomes  opaque  in  a  drj'  atmosphere  ;  it  appears  luminous,  by  friction,  in  the  dark. 
It  melts  at  a  heat  a  little  above  that  of  boiling  water,  and  gives  out  its  water  of 
crystallisation,  after  which  it  forms  a  spongy  mass,  called  calcined  borax.  The 
octahedral  borax,  which  is  prepared  by  crystallisation,  in  a  solution  of  1-255  specific 
gravity,  kept  up  at  145°  F.,  is  not  efflorescent.  When  borax  is  ignited,  it  fuses  into 
•a  glassy-looking  substance. 

The  following  is  the  mode  of  purifying  borax.  The  crude  crystals  are  to  be 
broken  into  small  lumps,  and  spread  upon  a  filter  lined  with  a  lead  grating,  under 
which  a  piece  of  cloth  is  stretched  upon  a  wooden  frame.  The  lumps  are  piled  up  to 
the  height  of  1 2  inches,  and  washed  with  small  quantities  of  caustic  soda  lye  of  5°  B. 
(specific  gravity  1-033)  until  the  liquor  comes  off  nearly  colourless;  they  are  then 
drained,  and  put  into  a  large  copper  of  boiling  water,  in  such  quantities  that  the 
resulting  solution  stands  at  20°  B.  (specific  gravity  1-160)  Carbonate  of  soda 
equivalent  to  12  per  cent,  of  the  borax  must  now  be  added;  the  mixed  solution  is 
allowed  to  settle,  and  the  clear  liquid  is  siphoned  off  into  crystallising  vessels.  When- 
ever the  mother  waters  get  foul,  they  must  be  evaporated  to  dryness  in  cast-iron  pots, 
and  roasted,  to  burn  away  the  viscid  colouring  matter. 

The  following  process  for  refining  the  native  Indian  borax,  or  tlncal,  has  been 
published  by  MM.  Roblquet  and  Marchand : — 

It  is  put  into  large  tubs,  covered  with  water  for  3  or  4  inches  above  its  surface,  and 
stirred  through  it  several  times  during  six  hours.  For  400  lbs.  of  the  tincal  there 
must  now  be  added  1  lb.  of  quicklime  diffused  through  two  quarts  of  water.  Next 
day  the  whole  is  thrown  upon  a  sieve,  to  drain  off  the  water  with  the  impurities,  con- 
sisting, in  some  measure,  of  the  fatty  matter  combined  with  the  lime,  as  an  insoluble 
soap.  The  borax,  so  far  purified,  is  to  be  dissolved  in  2^  times  its  weight  of  boilrng 
water  and  8  lbs.  of  muriate  of  lime  are  to  be  added  for  the  above  quantity  of  borax. 
The  liquor  is  now  filtered,  evaporated  to  the  density  of  18°  or  20°  B.  (1-14  to  1-16 
specific  gravity),  and  set  to  crystallise  in  vessels  shaped  like  inverted  pyramids,  and 
lined  with  lead.  At  the  end  of  a  few  days,  the  crystallisation  being  completed,  the 
mother  waters  are  drawn  off,  the  crystals  are  detached  and  dried.  The  loss  of  weight 
in  this  operation  is  about  20  per  cent. 

Borax  is  sometimes  adulterated  with  alum  and  common  salt :  the  former  addition 
may  be  readily  detected  by  a  few  drops  of  water  of  ammonia,  which  will  throw  down 
its  alumina;  and  the  latter  by  nitrate  of  silver,  which  will  give  with  it  a  precipitate 
insoluble  in  nitric  acid.  r  ^  j 

The  native  boracic  acid  obtained  from  the  lakes  of  Tuscany,  being  manufactured 
in  France  into  borax,  has  greatly  lowered  the  price  of  this  article  of  commerce 
When  MM  Payen  and  Cartier  first  began  the  business,  they  sold  the  crystals  at 
the  same  price  as  the  Dutch,  viz.,  7  francs  the  kilogramme  (2i  lbs.  avoird.)  ;  but  in  a 
few  years  they  could  only  obtain  2  francs  and  60  centimes,  in  consequence  ot  the 
market  getting  overstocked.  The  mode  of  making  borax  from  the  acid  is  as 
follows  :-^The  lake  water  is  evaporated  in  graduation  houses,  and  then  concentrated 
in  boTlers  till  it  crystallises.  In  that  state  it  is  carried  to  Marseilles.  About  1100  lbs 
of  water  are  made  to  boil  in  a  copper,  and  1320  lbs.  of  crystallised  carbonate  of  soda 
aL  dissolved  b  it  by  successive  additions  of  about  40  lbs.  The  so  ution  being  main- 
taTne^at  nearly  the  'boiling  point,  1100  lbs.  of  crystaHised  bora^^^^^^^^^^  Tu-ny 
nrp  introduced,  in  successive  portions.  At  each  addition  of  about  2i  it)s.  amey 
effervescen'^e  ensu^  on  which  account  the  copper  should  be  of  much  greater  capacity 
£  is  sufficient  to  Contain  the  liquors.  When  the  whole  acid  has  been  added  the 
£e  must  be  damped  by  being  covered  up  with  moist  ashes,  and  the  copper  mus  he 
Lvered  with  a  tight  lid  and  blankets,  to  preserve  the  temperature  uniform  ri  e 
whole  is  S  in  this  state  during  30  hours;  the  clear  liquor  is  then  dra-n  off  n  c, 
rhallow  crystallising  vessels  of  lead,  in  which  it  should  stand  no  l^ig!^*;r  l^^,'^,^"  "I  ^ 
inches  to  favour  iti  rapid  cooling.  At  the  end  of  three  days  in  winter,  and  four  n 
Trn'mer  thrcrystallisaLn  is  usu'ally  finished.  The  niother  wat^^^  "o 
employe_d,  instead,of  simple  water,  for  th^ 
soda. 
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oncp,  in  order  to  obtain  crystals  of  a  marketable  size.  Whenever  this  solution  has 
become  boiling  hot,  it  must  be  run  off  into  large  crystallising  lead  chests  of  the  form 
of  inverted  truncated  pyramids,  furnished  with  lids,  inclosed  in  wooden  frames,  and 
surrounded  with  mats  to  confine  the  heat.  For  a  continuous  business  there  should  be 
at  least  18  vessels  of  this  kind,  as  the  solution  takes  a  long  time  to  complete  its 
crystallisation,  by  cooling  to  30°  C.  (86°  F.)  The  borax  crystals  are  taken  out  with 
chisels,  after  the  liquor  has  been  drawn  off  and  the  whole  has  become  cold. 

One  hundred  parts  of  the  purest  acid,  usually  extracted  from  the  lakes  of  Tuscany, 
contain  only  fifty  parts  of  the  real  boracic  acid,  and  yield  no  more,  at  the  utmost,  than 
140  or  1 50  of  good  borax. 

A  considerable  saving  of  expense  in  manufacturing  borax,  and  a  more  ready  appli  - 
cation of  the  borax  to  use,  has  been  proposed  by  Saulter,  as  follows  : — Take  about  38 
parts  of  pure  crystallised  boracic  acid,  pounded  and  sifted;  mix  them  well  with  45 
parts  of  crystals  of  carbonate  of  soda,  in  powder  ;  expose  the  mixture  upon  wooden 
shelves  to  heat  in  a  stove- room ;  and  rake  it  up  from  time  to  time.  The  boracic  acid 
and  the  alkali  thus  get  combined,  while  the  carbonic  acid  and  water  are  expelled;  and 
a  perfect  dry  borax  is  obtained. 

According  to  Wittstein,  the  commercial  boracic  acid  is  composed  as  follows :  


Dry  borax  acts  on  the  metallic  oxides,  at  a  high  temperature,  in  a  very  remarkable 
manner,  meltmg  and  vitrifying  them  into  very  beautiful  coloured  glasses  On  this 
account  it  is  a  most  useful  reagent  for  the  blowpipe.    Oxide  of  chrome  tinges  it  of  an 


Sulphate  of  manganese  a  trace 

I)        iron   0-365 

„  alumina  0-320 

»        lime   1-018 

„        magnesia   2-632 

„         ammonia   8-508 

„  soda  0-917 

„        potash-   0-369 

„  sal  ammonia       -       -       .       .       .  0-298 

„  silica  (in  solution)       -       .       .       .  i-200 

„  sulphuric  acid  (combined  with  the  boracic)  1-322 

„  crystallisable  boracic  acid     ...  75-494 


100-000 


704 


£2464 


» 


Tincal,  refined.  Chili 
»  Peru 


-  2,360 

-  5,703 

-  8,609 


6,345 

-  16,538 

-  25,198 

13 


British  East  Indies 
other  parts 


13 


16,685 


£48,094 
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CwtB.  Computed  real  Value. 

1856.— Borax,  refined,  Peru       -       -       -     743  -       -  £2,360 

„  British  East  Indies  -  3,773  -       -  11,978 

other  parts      -       -     135  -       -  430 

4,651  £14,768 

Borax,   or   Tincal,  unrefined, — 

"             Peru  1,163  -       -  £2,877 

British  East  Indies-       -       -    12,464  -       -  30,848 

other  parts  -       -      .      -       357  -       -  887 

13,984  £34,612 

And  in  1856  we  exported  of — 

Cwt.  Declared  Value. 

Borax:,  refined  in  the  United  Kingdom  -    1,047,955    -       -  £39,906 

BORING.  The  importance  of  bormg,  as  a  means  of  searching  for  coal  and  for 
■water,  renders  it  necessary  that  some  special  attention  should  be  given  to  the  subject 
in  a  -work  devoted  to  manufactures  and  mining. 

Boring  for  -water  appears  to  have  been  in  use  from  the  earliest  periods,  in  Egypt 
and  in  Asia.  In  many  of  the  desert  tracts  there  are  remains  of  borings,  which  served, 
evidently,  at  one  period,  to  supply  the  wants  of  extensive  populations  which  once  m- 
habited  those  now  deserted  regions.  In  the  "  Guide  du  Sondeur,"  by  M.  J.  Degousee, 
we  find  it  stated,  with  reference  to  China,  "  There  exist  in  the  canton  of  Oa^Tong-Kiao 
many  thousand  wells  in  a  space  of  ten  leagues  long  by  five  broad.  These  wells 
cost  a  thousand  and  some  hundred  taels  (the  tael  being  of  the  value  of  6s.  6d  ),  and  are 
from  1500  to  1800  feet  deep,  and  about  6  inches  in  diameter.  To  bore  these  wells, 
the  Chinese  commence  by  placing  in  the  earth  a  wooden  tube  of  3  or  4  mches  diameter, 
surmounted  by  a  stone  edge,  pierced  by  an  orifice  of  5  or  6  inches;  m  the  tube  a 
trepan  is  allowed  to  play,  weighing  300  or  400  lbs.  A  man,  mounted  on  a  scaflo  d, 
swings  a  block,  which  raises  the  trepan  2  feet  high,  and  lets  it  fall  by  its  own  weight 
The  trepan  is  secured  to  the  swing-lever  by  a  cord  made  of  reeds,  to  which  is  attached 
a  triangle  of  wood  ;  a  man  sits  close  to  the  cord,  and  at  each  rise  of  t^f  ^^^"'g^^"^^^ 
the  triangle  and  gives  it  a  half  turn,  so  that  the  trepan  may  take  in  fa  ling  another 
direction^  A  change  of  workmen  goes  on  day  and  night  and  with  this  continuous 
labour  they  are  sometimes  three  years  in  boring  wells  to  the  requisite  depth. 

Boring  appears  to  have  been  practised  in  England  during  the  last  century,  but  to 
a  very  limited  extent;  it  has,  however,  for  a  considerable  period  been  employed  in 
seeking  for  coal,  and  in  the  formation  of  Artesian  Wells  (lu/iic/i  see). 

The  ordinary  practice  of  boring  is  usually  carried  out,  by  first  sinking  a  well  of 
such  adepth  thaf  the  boring  applratus  can  be  fixed  in  it;  and  thus  a  stage,  raised 
from  the  surface  of  the  ground,  is  dispensed  with.  A  stout  plank  floor  well  braced 
Sher  by  planks  nailed  transversely  and  resting  on  putlocks,  forms  the  stage.  In 
he  cSrof  the  floor  is  a  square  hole,  through  wh  ch  the  \ormg-rods  pass  The 
boring  rods  are  of  many  different  forms,  some  of  which  have  been  already  descried 
in  the  article  on  AiiTEsiAN  Wells.    A  few  others  are  represented  in  the  following 

^^2  3  Se'  an  elevation,  plan,  and  section  of  an  auger ;  the  tapped  socket  is  for  the 

tool,  a  vertical  Pe^cussive  action  of  the  same  is  requn^  ^.^^^  ^  ^^^^j^ 

hard  sand  ;  indeed,  always,  where  the  pos  t  on  ^^^^^  °  ^  J  t,y  suspend- 

place  to  act  upon  during  '^s  revolution     lb.    noti^^^^^  e    ^y  g  ^^^^ 

ing  the  boring  rods  to  a  ^'''dlass  through  the   ntei^^^^^^^^  .vorkman  holds  one  end  of 
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in  motion.  Should  the  end  of  the  rope  the  workman  holds  now  be  slackened,  the 
coil  becomes  loose,  and  the  rods  descend  with  a  force  equivalent  to  their  weight  and 
the  distance  through  which  they  have  fallen.  A  regular  percussive  action  is  thus 
gained  by  keeping  the  windlass  continually  in  motion  in  one  direction,  the  attendant 
workman  alternately  allowing  the  rods  to  be  drawn  up  a  certain  distance,  and  then, 
by  relaxing  his  hold,  allowing  them  to  fall.  —  Swindell,  on  Boring. 

223 


0  JD 


u 


n 


useTuh- ''''  ''''  P''"^^  °f  ^--g'  -  different  localities,  may  prove 
tr&orlfX^lllftlr'.  fs^foC  /-  '"^       "^"^"^^^  ^^^^     'he  dis- 


First  5  fathoms  - 
Second  5  „  . 
Third  6  „  - 
Fourth  5     ..  . 


5 
11 
16 
22 


per  fathom. 


Zy  Z:ZT;i'3t,,r.^^^^^^^^  r-d-^  depth  of  5  fathoms.  When 

unless  a  binding  contract  has  Wn  nrp^-^   ,  ^r'^       'P<^^'^'  arrangement, 

borer  to  take  all  risk  of  hard  strata  when  th  ^  i«/°metimes  usual  for  the 

the  tools  :  _  "^^^^      P"°«  are  as  follows,  the  borer  finding 


First    5  fathoms 
Second  5 
Third  5  „ 
Fourth  5 


s. 
7 

15 
22 
30 


6  per  fathom. 

6 
0 


and  so  mcreasmg  7.  6d  per  fathom  on  each  succeeding  depth  of  5  fathom 
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In  the  Midland  Counties,  -where  the  strata  are  more  inclined  than  in  the  north  of 
England,  the  prices  for  ordinary  strata  are  as  follow^,:  — 

s.  d. 

First  20  yards  -      -       -       -       -       -    3  6  per  yard. 

Next  10    „  5  0  „ 

„    10     „  6  6 

„    10     „  8  0  „ 

„    10     „  9  6  „ 

and  so  advancing  Is.  6d.  per  yard  upon  each  10  yards. 

In  some  localities,  where  the  boring  is  still  more  favourable,  the  prices  are  as 
follows,  —  the  bore  hole  being  2^  to  2f  inches  diameter  :  — 

s.  d. 

First  20  yards  3    6  per  yard. 

Next  10     „  4    6  „ 

10     „  5  6 

„    10     „  6    6  „ 

„     10     „  7    6  „ 

In  boring  strata  of  unusual  hardness  a  special  arrangement  is  made,  as  before  stated 
and  the  borer  is  allowed  some,  payment  for  filling  up  and  for  removing  tackling. 

In  Scotland  the  general  prices  for  boring  are  as  follows  :  — 

s.  d. 

First    5  fathoms  5    0  per  fathom. 

Second  5     „  10  0 

Third  5     „  15    0  „ 

■  Fourth  5  „  ------    20  0 

and  so  advancing  5s.  per  fathom  for  each  succeeding  5  fathoms. 

In  boring  through  very  hard  strata,  the  work  is  done  either  by  shaft-work,  or  at 
the  following  rat,s,  the  bore  hole  being  2|  inches  diameter  :  — 

First    5  fathoms  10    0  per  fathom. 

Second  5  „  -  -  -  -  -  "^0  0 
Third  5     „------    ^0  " 

The  borer  usually  specifies  to  have  his  tackle  laid  down  ready  for  erecting  at  the 
cost  of  the  employer. 

As  the  boring  proceeds,  it  is  often  necessary  to  lower  pipes  into  the  tole  made,  to 
r,revent  the  falling  of  fragments  from  the  sides  of  the  cylinder.  There  are  many 
FngSus  contrwLces  for  effecting  this,  which  need  not  be  described  m  this 

^^^<?t;il  in  borine  iudiciously  for  coal  distinguishes  the  genuine  miner  from  the 

especially  in  an  ^'^^Pl^^f^^^^^^/^f       best  and  most  tenacious  Swedish  iron;  in 
The  boring  rods  should  be  made  ot  i^^e  dcsl  ^  terminating 
area,  about  an  inch  and  a  quarter  square     Each  i  od  is  usuaUy  a^tee       «^  ^^.^^^^ 

in  a  male  screw  at  one  end  ^^'^^''^Z  '  lnZ^'^^^^^^  at  their  cutting  edge, 
commonly  18  inches  long,  and  trom  J.^  screwed  to  an  intermediate 

which  must  be  tipped  with  good  steel    The  chisel  ^  sci^^^^^^ 
18-inch  rod,  called  the  ^oub  e-box  rod  fo  ming  together  a 

are,  moreover,  three  short  rods,  ^^^f^^  ^^'^^^^^^^^^^^  the  height  above  the 

be  screwed,  as  occasion  requires,  to  rf^„„  ^  Hence 

xnouth  of  the  bore  convenient  ^r  the  hands  of  the  men  n 


ES^  o^mSnS  S  b.  .  the  boring 

process.  .  j  j      «o„ptrote  but  a  few  fathoms,  the  whole  work  may  be 

When  the  bore  is  intended  to  P^f  f  Vv^re  is  to  be  of  considerable  depth,  a 

performed  directly  by  the  handsj  -  <>*  its  summit 

lofty    ■      ■     "       J  - t  IP  ore 
angh 


When  the  bore  is  imenueu     i"^"-""T  "  is  to  be  of  considerable  aepm, 

performed  directly  by  the  hands ;      jheu  the  bore  is  o  .^^ 
lofty  triangle  of  wood  is  set  a^";^^,?^"^'^^?' a\rindlass  or  wheel  and  axle,  secured  to 
angle,  for  conducting  the  rope  to  the  bairel  oi  a  wiuu  ^ 
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the  ground  with  heavy  stones.  The  loose  end  of  the  rope  is  connected  to  the  rods  bv 
an  oval  iron  ring,  called  a  runner ;  and  by  this  mechanism  they  may  be  raised  and  let 
lau  in  the  bormg;  or  the  same  effect  may  be  more  simply  produced  by  substitutinn- 
tor  the  wheel  and  axle  a  number  of  ropes  attached  to  the  rod-rope,  each  of  which 
may  be  pulled  by  a  man,  as  in  raising  the  ram  of  the  pile-engine. 

in  aU  the  coal  districts  there  are  professional  master-borers,  who  undertake  to 
search  for  coal,  and  furnish  an  accurate  register  of  the  strata  perforated  '° 
plan  0?J.°22f)!-  "^"^  ^""^  represented  in  the  following 
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1, 
2, 
3, 

4, 

5. 

6. 

7. 

8. 

9. 
10. 
II. 


4) 


The  brace-head. 
The  common  rod. 

The  double-box  rod;  intermediate 

piece. 
The  common  chisel. 
The  indented  chisel. 
Another  of  the  same. 
The  cross-mouthed  chisel. 
The  wimble. 

The  sludger,  for  bringing  up  the  mud. 
1  he  rounder. 

The  key  for  supporting  the  train  of 
rods  at  the  bore-mouth 


12. 


The  key  for  screwing  together  and 
asunder  the  rods. 

13.  The  topit,  or  top  piece. 

14.  The  beche,  for  catching  the  rod  when 

It  breaks  in  the  bore. 

15.  The  runner,  for  taking  hold  of  the 

topit. 

16.  The  tongued  chisel. 

]l'  '^t^  f>fht-handed  worm  screw. 

18.  The  left-handed  ditto. 

1 9.  The  finger-grip  or  catch. 


B 


dip.  The  first  bore  may  therefore  be  mnH«  f  ^^^^  advance  in  the  line  of  tl 
in  the  operation;  and  hence  n  .nrf.     i  '  ^""^^"ce  must  be  made  for  fl,;/ 2.  ^"''^^ 
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tore;  the  latter  seam  resting  on  the  first  stratum  ti,  that  occurred  in  bore  No.  1 ; 
and  No.  2  perforation  must  be  continued  a  little  fart1»*r,  till  it  has  certainly  descended 
to  the  stratum  d.    Thus  these  two  bores  have,  together,  proved  the  beds  to  the  depth 

^^No^Tbo^  being  placed  according  to  the  preceding  rule,  will  pass  through  two 
coal-seams  ne'ar  the  surface,  and  after  reaching  to  nearly  its  depth  of  GO  yards,  it  will 
tnnrb  the  Stratum  It,  which  is  the  upper  stratum  of  bore  No.  2  ;  but  since  a  seam  of 
nonl  was  detected  in  No.  2,  under  the  stratum  //,  the  proof  is  confirmed  by  running 
^hl  hoZ  down  through  that  coal.  The  field  has  now  been  probed  to  the  depth  ot 
1  sn  vards  The  fourth  bore  is  next  proceeded  with,  till  the  two  coal-seams  met  m 
No  3  have  been  penetrated  ;  when  a  depth  of  240  yards  has  been  explored.  Hence 
No'  4  bore  could  not  reach  the  lower  stratum  a,  unless  it  were  sunk  240  yards. 

The  fifth  bore  (No.  5)  being  sunk  in  like  manner,  a  new  coal-seam  occurs  within  a 
few  vards  of  the  surface  ;  but  after  sinking  to  the  depth  at  which  the  coal  at  the  top 
of  the  fourth  bore  was  found,  an  entirely  different  order  of  strata  will  occur.    In  this 
dilemma,  the'bore  should  be  pushed  10  or  20  yards  deeper  than  the  60  yards,  to  ascer- 
tain the  Alternations  of  the  new  range  of  superposition.    It  may  happen  that  no  coals 
of  any  value  shall  be  found,  as  the  figure  indicates,  in  consequence  of  a  slip  or  d.slo- 
catio/of  the  strata  at  b,  which  has  thrown  up  all  the  coals  registered  in  the  former 
Wmgs  to  such  an  extent  that  the  strata  b,  a,  of  the  first  bore  present  hemselves 
immediately  on  perforating  the  slip,  instead  of  lying  at  the  depth  of  300  yards  (5  x  CO), 
aTXey  would  have  done  had  no  dislocation  intervened.    Some  coal-fields,  indeed,  are 
so  nterslcled  with  slips  as  to  bewilder  the  most  experienced  miner,  which  will  pa r- 
h^ubrW  happen  when  a  lower  coal  is  thrown  upon  one  side  of  a  shp,  directly  opposi  e 
Hn  uwer^coal  situated  on  the  other  side  of  it;  so  that  if  the  two  seams  be  of  the 
=„T,fl  tlfiJ^knp'JS  erroneous  conclusions  are  almost  inevitable.  . 
mtn  a  lintof  bo^^^^^^  is  to  be  conducted  from  the  dip  of  the  strata  towards  their 
When  a  line  01  o  ^^^^^  ^^^^       ^^^^  prescribes, 

iTst'X'  sS  lat  pass'^^^^^^^^^^^  overstepped,  so  that  they  may  disappear  from 

"eftW 'a^tthX^^^^^^^^ 
"SS'n    One  ot  the  non-metallic  elements ,  it  exUt.  in  n.t.re  In  the  form  of 

adding  fluoride  ot  potassium,  iue  uuui.u  i  j  „„^„„.t,-  „  rpdness  Th  s  compound 
is  collected  and  dried  at  a  temperature  nearly  appr^^^^^^^ 

is  then  powdered  and  introduced  into  ^^^"i        's^^'^S  to  meU  the  latter, 

«n  equal  weight  of  f^assium,  whereupon  h^^^^^^^  .^^^  ^.^^  Up„^ 

and  the  mixture  of  the  two  substances  s  ^^^f^^^^^  ^S,.^^,,  tl^e  fluorine.  The 
the  mass  being  f-vosei  to  .i^^  ^^^^^  removed  %Teating  the  mass  with  a  solution 
fluoride  of  potassium  may  ^^"^'^^^^^^^^^^^^  Jotassa  into  chloride  of  potassium 

of  chloride  of  ammonium,  which  conveits^^^^^^^  .^^^^^  presence  of 

and  thus  prevents  the  oxidation  of  'l^^J'^X'rbrto  the  boron  may  be  afterwards 

other  diseases.  The  invention  of  this  nstrumen^^^^^^^^  ^^^^^^^^  1,, 

■physician;  but  its  form  and  uses                          eo^^^^^^  and  some  mollifying, 

yir  1 554.    Some  are  solid  and  some    "^Jl^^'X^' ed  o^^  by  long  boiling, 

^Micyowe.!  their  elasticity,  as  formerly  m^^^^^^^  P^^^_^          ^  fine 

:i-r throws  «f  ofH"  upon  a  slab,  When  it 

.,    ^^Se^Tii;S^\i^fS^f  ^i^i^e'SL^^  IbUowiiig  recipe  f.r  the  com- 
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position  of  bougies.    Take  3  parts  of  boiled  linseed  oil,  1  part  of  amber,  and  1  of  oil 
of  turpentine ;  melt  and  mix  these  ingredients  well  together,  and  spread  the  com- 
pound at  3  successive  intervals  upon  a  silk  cord  or  web.     Place  the  pieces  so 
coated  in  a  stove  heated  to  150  F. ;  leave  them  in  it  for  12  hours,  adding  15  or  1(5 
fresh  layers  in  succession,  till  the  instruments  have  acquired  the  proper  size.  Polish 
them  first  with  pumice-stone,  and  finally  smooth  with  tripoli  and  oil.    This  process 
is  the  one  still  employed  in  Paris,  with  some  slight  modifications  ;  the  chief  of  which 
is  dissolving  in  the  oil  one-twentieth  of  its  weight  of  caoutchouc,  to  render  the  sub- 
stance more  solid.    For  this  purpose  the  caoutchouc  must  be  cut  into  slender  shreds, 
and  added  gradually  to  the  hot  oil.    The  silk  tissue  must  be  fine  and  open,  to  admit 
of  the  composition  entering  freely  among  its  filaments.     Every  successive  layer 
ought  to  be  dried  in  a  stove,  and  then  in  the  open  air,  before  another  is  applied.  This 
process  takes  2  months  for  its  completion,  in  forming  the  best  bougies  called  by  dis- 
tinction elastic  bougies;  which  ought  to  bear  twisting  round  the  finger  without  crack- 
ing or  scaling,  and  extension  without  giving  way,  but  retracting  when  let  go  When 
the  bougies  are  to  be  hollow,  a  mandrel  of  iron  wire,  properly  bent,  with  a  rinn-  at  one 
end  IS  introduced  into  the  axis  of  the  silk  tissue.    Some  bougies  are  made'' with  a 
hollow  axis  of  tinfod  rolled  into  a  slender  tube.  Bougies  are  now  usually  made  entirely 
of  caoutchouc  by  the  intervention  of  a  solution  of  this  substance  in  sulphuric  ether  a 
menstruin  suiEciently  cheap  in  France,  on  account  of  the  low  duty  upon  alcohol,  or 
ot  naphtha.     There  are  medicated  bougies,  the  composition  of  which  belongs  to 
surgical  pharmacy.    The  manufacture  of  these  instruments  of  various  kinds  forms  a 
separate  and  no  inconsiderable  branch  of  industry  at  Paris.    Very  superior  bou-ies 
f^th  "s'LounJr  S'lrg.cal-mstrument  makers,  and  by  the  workers  in  caoutchouc, 

flin^°€F^%^  ^  "^"^^  given  by  the  Sheffield  cutlers  to  the  smooth 

flint  pebbles  with  which  they  smooth  down  the  faces  of  buff  and  wooden  wheels  As 
these  stones  are  usually  taken  from  gravel  pits,  the  name  is,  no  doubt,  used  in  the 
same  sense  as  the  geologist  uses  the  wood  boulder. 

BOX  WOOD.     (_Buis   Fr. ;  Buchsbanm,  Germ.  ;)  Bu:cus  sempervirens.  -  Two 
vanet.es  of  box  wood  are  imported  into  this  country.   The  European  is  brought  ft-onr 

wf^h^RI    I  ^r-'i^^.V^'  ^"""'"y  Constantinople  Imy  na 

and  the  Black  Sea.    English  box  wood  grows  plentifully  at  Box  Hill,  in  S  irr^^^  and 
m  Gloucestershire.    The  English  box  wood  is  used  for  common    ui^;",    ^nd  t 
preferred  by  brass  finishers  for  their  lathe-chucks,  as  it  is  tougher  than  the  forei^ 
box,  and  bears  rougher  usage.    It  is  of  very  slow  growth,  as  in  the  space  of  25  veLls 
it  will  only  atlain  a  diameter  of  1  i  to  2  ixiches.-Hollzapkl  or  25  j  eai  s 

.no.      'T^l'  used  for  making  clarionets  and  flutes,  caTpenters'  rules  and  drawinn- 

to  the  waistbands  of  pantaloons  and  trowsers,  fo;  supportingl^hdrweill^^^^^ 

BilAIDING  MACHINE  (Machine  a  tacels,  Fr. ;  Bortenmirkerstuhl  Germ  ^  TV 

r«a,gle,  or  which  „„',ife  is  U  nTh.^Toif ,he  ^^^^^^  T^.Tt^  f  " 

therectang  e  about40  inches  T7i„  oor  h  ,■  ■  ,  .  'nc^es,  and  the  height  of 
the  !i„c  a  i  of  ^  227,  whfehft  Jert ical  ZIP     ^  P^''^-'  Passing  through 

of  the  machine  c!  accon  ng  fo  the  1  nfc '^^^  "  tZ'  ^^e  cent^re 

front  of  the  frame  ;  and  the  onnos ite  side  v  til  >;  iJ  '  '^■'^  s»PP"sed  to  be  the 
numbered  from  1  to  6  placed  fn  a  verr  cnf.n  V  '  skewers, 

whose  centre  coincide;  Sth 'that%7rLrc  rat  ^h^  flTr^T^r'  ^  ^'^''^ 
are  composed  -1,  Of  so  many  iron  shifts  nr  Ll<=  po'nt  c.  Ihese  six  spindles 
Uiff.  227),  and  expended  down4  d^wtl  ,  6 Tnches  of  ZT"^ T  "H""''  ''''''''  « 
.n  brass  steps  fixed  upon  a  horizontal  T  V^cJeiJ^^fd^ilSotU^  • 
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or  nut-tree,  placed,  the  first  upon  the  upper  end  of  each  spindle,  opposite  the  cut-out 
beam  f.  and  tbe  second  opposite  the  second  Wan,       3,  Wooden-toothed  wheels,  h. 


220  m. 


reciprocally  working  together,  placed  bet^^'een  the  heam  o  and  the  coUet-bcam  e. 
The  toothed  wheels  and  the  lower  heads  for  each  spmdle  are  in  one  piece. 

The  heads  and  shafts  of  the  spindles  No.  1  and  6  are  one-fifth  stronger  than  those 
„f  the  other  spindles  ;  their  heads  have  five  semi-circular  grooves,  and  wheels  of  60 
tth  while  the  heads  of  the  others  have  only  four  grooves,  and  wheels  of  48  teeth, 
so  L  tt  n  mW  grooves  in  the  six  spindles  is  26,  one-half  of  which  are  occu- 
Xd  wi  h  the  Ttems  of  thf  puppets  i,  which  carry  the  13  threads  from  No.  1  to  13. 
pied  with  the  sjf^sj^^^^^  P^PPj^^  ^.j^.^^  g.^^      ,he  «P-,dles  a  simultaneous  ni^^^^^ 

ment,  but  in  different  directions,  are  so  disposed  as  to  bring  their 
grooves  opposite  to  each  other  in  the  course  of  rotation. 
^  K,  the  middle  winglet,  triple  at  bottom  and  quintuple  at  top,  which 
serves  to  guide  the  puppets  in  the  direction  they  ought  to  pursue. 
Z  ttree^inglets,  single  at  top  and  bottom,  placed  exteriorly,  which 

"Ttwowin'gKtriple  at  bottom  and  single  at  top,  placed  likewise 
exterSv  and  which  serve  the  same  purposes  as  the  preceding  ;  m,  are 
iron  Xs  inTerted  in  the  cut-out  beam  g,  which  serve  as  stops  or  limits 
to  the  oscillations  of  the  exterior  winglets. 
6     No*  if  by  any  moving  power  (a  man  can  drive  a  pair)  rotation  be 

rollers  p  Q,  and  is  squeezed  ^og^.^i^f  °  ^  obvious 
braid  is  calendered  at  the  same  ^^^.^^f  'l^^^f  ^'[hed  wheel  of  the 
^'^^  rNo'i\ndrm  tLtte"  X^^^^^^^  i  as  -ll  as  from 

rendlSss'jre'w  zf^^hich  drives  at  proper  speed  the  wheel  w,  fixed 

228  IS        whiSh  nil  the  threads  converge  tU.n  «lie"  it '"'«™?  „  „,  ,.5  sbull 

-xsr.::cer5«;'3~ 


BRANDY.  389 

are  pierced  -with  holes,  d  e,  through  which  the  thread  /is  passed,  as  it  comes  from  the 
hobbm,  g,  which  turns  freely  upon  the  tube  a.  The  top  of  this  bobbin  is  conical  and 
toothed.  A  small  catch  or  detent,  //,  movable  in  a  vertical  direction  round  falls  by 
Us  own  weight  into  the  teeth  of  the  crown  of  the  bobbin,  in  which  case  this  cannot 
revolve ;  but  when  the  detent  is  raised  so  far  as  to  disengage  the  teeth,  and  at  the 
same  time  to  pull  the  thread,  the  bobbin  turns,  and  lets  out  thread  till  the  detent  falls 
back  into  these  same  teeth. 

A  skewer  of  iron  wire,  k,  is  loaded  with  a  small  weight,  1,  melted  upon  it.  The  top 
ot  this  skewer  has  an  eye  in  it,  and  the  bottom  is  recurved,  as  is  shown  in  Jiq.  228  so 
that  supposing  the  thread  comes  to  break,  this  skewer  falls  into  the  actual  position  in 
fn  J^Z^;  IS!  end  extending  beyond  the  tube  a,  by  about  i  of  an 

inch  ;  but  as  long  as  the  thread  is  unbroken,  the  skewer  k,  which  serves  to  keep  it 
tZe"'"  °'       P^PP'^^,  does  not  pass  out 

This  disposition  has  natui-ally  furnished  the  means  of  causing  the  machine  to  ston 
whenever  one  of  the  threads  breaks.  This  inferior  protrusion  of  the  sk™wer  pushes  in 
lo  fhoZZl  n  T""''  ll''^  '^'^  ^^"'l  to  slide  from  the  dT-iving  pu  loy 

''''  "  -''''^'^  BobbinsTofem^^tyt^s^^renr 
by'^he^LteSm 'th'e  Sr  ""itT  1 1  '^''^  ^"'"^T  °'  ^'"^^  ^^P^'-'ed 

distinguished  chemist  and  calico  printer  M  CirK^Pblfn^^ 

in  the  ninth  number  of  the  Bulletin  de  la  sSiiSe'  InLftr '^^^^^^^^^  ^^""^''^''^ 

of  experiments  are  recorded,  which  justiS  tte  Sow  ng  ^otS^^^^^^  ''"'^ 

hei^glt^t^-^f^a^htflS^f^/ti"^  "^^'^T 

clearing  either  the  grounds  or  the  figures  ^    '  ''^^      '^ff'^'^'  i° 

grim!?  s  ^"i^^s^r-^rSfeeKgt^^r  i  v--  -^^^^ 
J^uMsti^^^sra^is  ^jzSB^P^^  - 

through  a  copper  or  vat  Teat  d  with  sterTc  wt  of^^o^T passage  of  the  10  pieces 
costs  from  2  ■  to  3  francs,  while  2  blS  i^a^ai^tt  brghtforl  Tran:'' 

hrfn,?h^e'riTn7effe:tT;^^^^^^^^^  rpiec'r  ^'^•^-"'^--it^^^^^^^^^^  of 
tageous  not  to  use  too  much  water       ^        ''''  ''"P^''"'^-    ^*  ^  '^'"'^'^'^^  advan- 

its  sup^rLt-fghS^^^^^  distinguishable  by  ' 

barley  bran;  tL  latter  ha'^L/dlyan^^^^^^^^  '^^P'='='^"y  -ith 

cloth,  the  husky  surface  attraL  S^^^^  tawny  matters  upon  the 

cordmgly,  when  used  bran  is  digested  in  a  weak  alky^^' €^1^^  P^-"'  Ac- 
which  It  had  absorbed  from  the  cloth  alkahne  bath,  it  gives  up  the  colour 

and  alcohol.  He  found  in  100  partrXcf  dextrTn/?^  ^'^^  ''''^  ^<=id 
gluten,  14-9;  fat,  3-6  ;  cellulose,%  7  ;    ahs  A  'water  ,  ..'"^^^^  '''S^^'  I'O  ; 

resinous  matters,  1-2  per  cent.         .  '       '    ''t"'        •  ^nd  of  odorous  and 

cou^ntrtTLenf sprits  SiSi^i^rS" 'an^Tol  J'^  ''^"^  ^'-^  -  ^Ws 
flavour,  due  to  a  minute  portion  of  a  voratile  M     K         f  ^T^'""'  '^'"^ 
aroma  characteristic  of  the  fermented  subs  Ince  from  whrnT'''.'^- "^"^"^"^  an 
her  It  be  the  grape,  cherries,  sugar-cane  rfce  corn   nr  f Procured;  whe- 
distmguished  even  as  procured  fro^  differ^'n  'g  ^w^r  of  hfvir '  t"\''  T 
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Langaedoc,  Bordeaux,  Arniagnac,  Cognac,  Aunis,  Saintonge,  Rochelle,  Orleans, 
Barcelona,  Naples,  &c.,  being  each  readily  recognisaffle  by  an  experienced  dealer. 

Aubero-ier  showed,  by  experiments,  that  the  disagreeable  taste  of  the  spirits  dis- 
tilled from  the  viaic  of  the  grape  is  owing  to  an  essential  oil  contained  in  the  skin  of 
the  grape ;  and  found  that  the  oil,  when  insulated,  is  so  energetic  that  a  few  drops 
are  sufficient  to  taint  a  pipe  of  GOO  litres  of  fine-flavoured  spirit.    See  Fusel  Oil. 

The  most  celebrated  of  the  French  brandies,  those  of  Cognac  and  Arniagnac,  are 
slightly  rectified  to  only  from  0  93.5  to  0-922  :  they  contain  more  than  half  their 
wel-j-ht  of  water,  and  come  over  therefore  highly  charged  with  the  fragrant  essential 
oil  of  the  husk  of  the  grape.  When,  to  save  expense  of  carriage,  the  spirit  is  rectified 
to  a  much  higher  degree,  the  dealer,  on  receiving  it  at  Paris,  reduces  it  to  the  market 
proof  by  the  addition  of  a  little  highly-flavoured  weak  brandy-and-water  ;  but  he 
cannot  in  this  way  produce  so  finely-ilavoured  a  spirit  as  the  weaker  product  of 
distillation  of  the  Cosnac  wine.  If  the  best  Cognac  brandy  be  carefully  distilled  at  a 
low  heat,  and  after  distillation  the  strong  spirit  be  diluted  with  water  to  restore  it  to 
its  original  strength,  it  will  be  found  that  the  brandy  has  suffered  much  in  its  flavour. 

Genuine  French  brandy  evinces  an  acid  reaction  with  litmus  paper,  owing  to  a 
minute  portion  of  vinegar ;  it  contains,  besides,  some  acetic  ether,  and,  when  long  kept 
in  o.ak  casks,  a  little  astringent  matter. 

The  constituents  of  brandy  are  alcohol,  water,  volatile  oil,  acetic  acid,  acetic  ellier, 
coloin  iiiq  matter,  and  tannin. — Fereira. 

Pale  Brandy  acquires  the  slight  colour  which  it  possesses  from  the  cask  m  which 
it  is  kept.    Brown  Brandy  is  coloured  by  caramei— sugar  carefully  burnt  and  dissolved 

in  lime  water.  .  .   „  j  „ 

This  spirit  is  sold  of  various  strengths,  but  it  is  usually  about  10  per  cent,  undei 

^' b'rANDY  BRITISH.  Dr.Ure  gave  the  following  formulae  for  its  preparation:— 
Dilute  the  pure  alcohol  to  the  proof  pitch  ;  add  to  every  hundred  pounds  weight  of  it 
from  half  a  pound  to  a  pound  of  argol,  dissolved  in  water,  a  little  acetic  ether,  and 
French  wine  vinegar,  some  bruised  French  plums,  and  flavour  s  uff  from  Cognac  ; 
then  distil  the  spirit  with  a  gentle  fire  in  an  alembic  furnished  with  an  agitator 
British  brandies  are  now  sold  professedly  as  pure  grain  spirits,  flavoured  of  course,  and 
rnloured  with  cai  amel.    See  Alcohol.  .     .  ^ 

BRASS.  (Laiton,  cuivre  jaime,  Fr. ;  Messing,  Germ.)  An  alloy  of  copper  and 
zinc  The  brass  of  the  ancients  appears,  in  very  early  times  to  have  chiefly  con- 
s  stedofa  mixture  of  copper  and  tin,  and  to  have,  consequently,  been  a  species  of 
brinze  or  be  1  metal.  Zinc  woxld  seem  to  have  been  first  employed  for  this  purpose 
abouUhe  Chnstian  era,  as  will  be  observed  from  an  extensive  series  of  analyses  of 
Tar ious  ancient  alloys  made  by  J.  Arthur  Phillips.    See  Alloys. 

Brass  was  formerly  manufactured  by  cementing  granulated  copper,  fled  6ean- 
sliTol  Topper  clip/ings,  with  calcined  calamine  (native  carto-'e  o  zmcW 
charcoal  in  a  erudble,  and  exposing  ^/^h  rcS  Th'e"  Inc^^  re2::il'V\:Z\L 

mmmm^ 

zinc-  ,  1,    ■     t  „  rr,of^lc  nf  such  different  fusibilities  as  copper  and 

In  the  P-.«/-!,,f;^JyK°ian^^^^  might  be  expected  ;  but, 

zinc,  a  considerable  waste  ot  tne  '^"'^^  """rl^^J^^.  „  :„  ^  sreat  measure,  by  the 
in  reality,  their  mutual  ^^-^^-^^f  .^"^^"J^^^fo  Indeed,  coppe'r  /lates 

speedy  absorption  of  the  zinc  into  t'^^.f  ^^^^^^"^        \^  ^\igh  temperature,  to  the 
and  rods  are  often  brassed  e/ternally  by  exposure  at  ^    S       J      ,^  ^i,., 
fumes  of  zinc,  and  afterwards  l^-^^f^  into 

i^r^"^^:^^^^^'  -'-'-^  "^'^^ 

amalgam.  .       „i„T,<rp  ilins  of  conper  into  melted  zinc  till  an 
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heat,  whilst,  by  the  asperities  of  its  surface,  it  keeps  hold  of  the  clay  lute  applied  to 
secure  the  joinings. 

The  cast  plates  are  usually  rolled  into  sheets.  For  this  purpose  they  are  cut  into 
ribands  of  various  breadths,  commonly  about  6i  inches.  The  cylinders  of  the  brass 
rolling  press  are  generally  46  inches  long,  and  18  inches  in  diameter.  The  ribands 
are  first  of  all  passed  through  the  cylinders  cold  ;  but  the  brass  soon  becomes  too  hard 
to  laminate.  It  is  then  annealed  in  a  furnace,  and,  after  cooling,  is  passed  afresh 
through  the  press.  After  paring  off  the  chipped  edges,  the  sheets  are  laminated  two 
at  a  time ;  and  if  they  are  to  be  made  very  thin,  even  8  plates  are  to  passed  through 
together.  The  brass  in  these  operations  must  be  annealed  7  or  8  times  before  the 
sheet  arrives  at  the  required  thickness.  These  successive  heatings  are  expensive  ; 
and  hence  manufacturers  have  been  led  to  try  various  plans  of  economy.  The 
annealing  furnaces  are  of  two  forms,  according  to  the  size  of  the  sheets  of  brass. 
The  smaller  are  about  12  feet  long,  with  a  fire-place  at  each  end,  and  about  13  inches 
wide.  The  arch  of  the  furnace  has  a  cylindrical  shape,  whose  axis  is  parallel  to  its 
small  side.  The  hearth  is  horizontal,  and  is  made  of  bricks  set  on  edge.  In  the  front 
of  the  furnace  there  is  a  large  door,  which  is  raised  hy  a  lever,  or  chain  and  counter- 
weight, and  slides  in  a  frame  between  two  cheeks  of  cast  iron.  This  furnace  has,  in 
general,  no  chimney,  except  a  vent  slightly  raised  above  the  door,  to  prevent  the 
workmen  being  incommoded  by  the  smoke.  Sometimes  the  arch  is  perforated  with  a 
number  of  holes.  The  sheets  of  brass  are  placed  above  each  other,  but  separated  by 
parmgs,  to  allow  the  hot  air  to  circulate  among  them,  the  lowest  sheet  resting  upou 
bars  of  cast  iron  placed  lengthwise. 

The  larger  furnaces  are  usually  32  feet  long,  by  6i  feet  wide,  in  the  body,  and  3 
feet  at  the  hearth.  A  grate  13  inches  broad  extends  along  each  side  of  the  hearth 
through  Its  whole  length,  and  is  divided  from  it  by  a  small  wall,  2  or  3  inches  high. 
The  vault  of  the  furnace  has  a  curvature,  and  is  pierced  with  6  or  8  openings,  which 
allow  the  smoke  to  pass  off  into  a  low  bell-chimney  above.  At  each  end  of  the  fur- 
nace IS  a  cast-iron  door,  which  slides  up  and  down  in  an  iron  frame,  and  is  poised  by 
a  counterweight.  On  the  hearth  is  a  kind  of  railway,  composed  of  two  iron  bars  on 
which  the  carnage  moves  with  its  load  of  sheets  of  brass.  ' 

'f  hese  sheets,  being  often  24  feet  long,  could  not  be  easily  moved  in  and  out  of  the 
turnace ;  but  as  brass  laminates  well  in  the  cold  state,  they  are  all  introduced  and 
moved  out  together.  With  this  view  an  iron  carriage  is  framed  with  bars,  which  rest 
on  four  wheels.  Upon  this  carriage,  of  a  length  nearly  equal  to  that  of  the  furnace 
are  laid  the  sheets,  with  brass  parings  between  them.  The  carriage  is  then  raised  by 
a  crane  to  a  level  with  the  furnace,  and  entered  upon  the  grooved  bars  which  lie  upon 
tne  hearth,  lhat  no  heat  may  be  lost,  two  carriages  are  provided,  the  one  beinir 
ready  to  put  in  as  the  other  is  taken  out;  the  furnace  is  meanwhile  uniformly  kept 
A  /  i"  however  convenient  for  moving  the  sheets  in  and  out,  wastes  a 

gond  deal  of  fuel  m  heating  the  iron  carriage. 

The  principal  places  in  which  brass  is  manufactured  on  a  large  scale,  in  Eneland 
are  Bristol  and  Birmingham,  and  at  Holywell,  in  North  Wales  England, 
At  the  brass  manufactory  of  Hegermaiil,  upon  the  Finon  Canal,  near  Potsdam  the 
following  are  he  materials  of  one  charge:  41  pounds  of  old  brass  55  pounds  refined 
copper  (Ga/;r/<«^/«0  granulated,  and  24  pounds  of  zinc.  This  mixturefweLhinl  1^0 
pounds,  IS  distributed  in  four  crucibles,  and  fused  in  a  wind  furnace  wi  h  pifcoaffid 
The  waste,  upon  the  whole,  varies  from  2^  pucoai  met. 

to  4  pounds. 

Fit/-  229  represents  the  furnace  as  it  was 
formerly  worked  with  charcoal;  a,  the 
laboratory,  in  which  the  crucibles  were 
placed.  It  was  walled  with  fire  bricks. 
The  foundations  and  the  filling-in  walls 
were  formed  of  stone  rubbish,  as  being 
bad  conductors  of  heat ;  sand  and  ashes 
may  be  also  used;  b,  cast-iron  circular 
grating  plates,  pierced  with  12  holes  (see 
fg.  230),  over  them  a  sole  of  loam,  c,  is 
beaten  down,  and  perforated  with  holes 
corresponding  to  those  in  the  iron  discs- 
d,the  ash-pit ;  e,  the  bock,  a  draught  flue 
which  conducts  the  air  requisite  to  the 
combustion,  from  a  sunk  tunnel  in  com- 
munication with  several  melting  furnaces. 
The  terrace  or  crown  of  the  furnace,  f, 

hes  on  a  level  with  the  foundry  floor,       and  is  shut  with  a  tile  of  fire-clay.  which 
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may  be  moved  in  any  direction  by  means  of  hooks  and  eyes  in  its  binding  iron  ring. 
F'kj.  231  the  tongs  for  putting  in  and  taking  out  the  *tharges,  as  viewed  from  above 
and  from  the  side. 

The  following  description  of  a  continental  brass  manufactory,  well  described  by 
Dr.  Ure,  it  has  been  thought  advisable  to  retain,  with  only  a  few  vei  bal  alterations. 

Figs.  232.  233  represent  the  furnaces  more  recently  constructed  for  the  use  of 
pitcoal  fuel ;  fig.  232  being  an  upright  section,  and  fig.  233  the  ground  plan.  In 
this  furnace  the  crucibles  are  not  surrounded  with  the  fuel,  but  receive  the  requisite 
melting  heat  from  the  flame  proceeding  from  the  ^rate  upon  which  it  is  burnt.  The 
crucitU's  stand  upon  seven  arches  a,  which  unite  in  the  middle  at  the  key-stone,  b, 
fig.  233  ;  between  the  arches  are  spaces  through  which  the  flame  rises  from  the  grate, 

c  ;  d,\s  the  fire  door ;  e,  a  sliding  tile 
or  damper  for  regulating  or  shutting 
off  the  air-draught ;  /  an  inclined 
plane,  for  carrying  olf  the  cinders  that 
fall  through  the  grate,  along  the 
draught  tunnel  g,  so  that  the  air  in 
entering  below  may  not  be  heated  by 
them. 

The  crucibles  are  16  inches  deep, 
wide  at  the  mouth,  6j  at  the  bot- 
tom; with  a  thickness  in  the  sides 
of  1  inch  above  and  1|  below ;  they 
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'  i 


stand  from  40  to  50  meltings.  The  old  brass,  which  fills  their  whole  capacity,  is  first 
put  in  and  melted  down ;  the  crucibles  are  now  taken  out  and  charged  with  the  half 
of  the  zinc  in  pieces  of  from  1  to  3  cubic  inches  in  size,  covered  over  with  coal  ashes ; 
then  one-half  of  the  copper  charge  is  introduced;  again  dust;  and  thus  the  layers  of 
zinc  and  copper  are  distributed  alternately  with  coal-ashes  betwixt  them,  till  the 
whole  charge  becomes  finally  fused.  Over  all,  a  thicker  layer  of  carbonaceous  matter 
is  laid,  to  prevent  oxidation  of  the  brass.  Eight  crucibles  filled  in  this  way  are  put 
into  the  furnace  between  the  12  holes  of  the  grate;  and  over  them  are  laid  two  empty 
crucibles  to  be  heated  for  the  casting  operation.  In  from  3^  to  4  hours  the  brass  is 
ready  to  be  poured.  Fifteen  English  bushels  of  coals  are  consumed  in  one  operation ; 
of  which  six  are  used  at  the  introduction  of  the  crucibles,  and  four  gradually  afterwards. 
When  sheet  brass  is  to  be  made,  the  following  process  is  pursued:  — 
An  empty  crucible  is  taken  out  of  the  furnace  through  the  crown  with  a  pair  of 
tongs,  and  kept  red  hot  by  placing  it  in  a  hollow  hearth  surrounded  with  burning 
coals ;  into  this  crucible  the  contents  of  four  of  the  melting  pots  are  poured ;  the  dross 
is  raked  out  with  an  iron  scraper.  As  soon  as  the  melting  pot  is  emptied,  it  is  im- 
mediately re-charged  in  the  manner  above  described,  and  placed  in  the  furnace.  The 
surface  of  the  melted  brass  is  swept  with  the  stump  of  a  broom,  and  then  stirred  about 
with  the  iron  rake,  to  bring  up  any  light  foreign  matter  to  the  surface,  which  is  then 
skimmed  with  a  little  scraper;  the  crucible  is  now  seized  with  the  casting  tongs,  and 
emptied  in  the  following  way  : —  «,/../. 

The  mould  or  form  for  casting  sheet  brass  consists  of  two  slabs  of  granite,  a  a,  figs. 
234,  235.    These  are  5  J  feet  long,  3  feet  broad,  1  foot  thick,  and,  for  greater  security, 


eirt  with  iron  bands,  b  b,  2  inches  broad,  1^  thick,  and  joined  at  the  four  corners  with 
bol  s  and  nuts.  tL;  mould  rests  upon  an  oaken  block,  c,  3>  feet  long,  2^  ^J^^^'V^ed 
irthick'whfch  is  suspended  at  each  end  upon  g^^ge-s,  m  beanng  W^^^^^^^ 
under  the  foundry  floor,  d  d,  in  the  casting  pit  a  e.  This  'sJ'^^^.^^'Jf^^f  ^^"^^^^^ 
is  6  J  feet  long,  5  (  broad,  and  2  deep;  upon  the  two  long  side  ^U*.  ^J^f  ^„?^',f,e3 
laid^the  bearing  blocks  which  support  the  gudgeons.  The  ^'"g  ^^"'^.^'^r'b^ 
long,  18  inches  broad,  15  inches  thick,  and  somewhat  rounded  upon  their  back  cage, 
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so  that  the  casting  frame  may  slope  a  little  to  the  horizon.  To  these  blocks  two  cross 
■wooden  arras,  //,  are  mortised,  upon  which  the  under  slab  rests  freely,  but  so  as  to 
project  about  5  inches  over  the  block  backwards,  to  secure  an  equipoise  in  the  act  of 
casting,  g  g  are  bars,  placed  at  both  of  the  long  sides,  and  one  of  the  ends,  between 
the  slabs,  to  determine  the  thickness  of  the  brass -plate.  Upon  the  other  slab  the  gate 
h  is  fastened,  a  sheet  of  iron  6  inches  broad,  which  has  nearly  the  shape  of  a  parallel 
trapezium  (lozenge),  and  slopes  a  little  towards  the  horizon.  This  serves  for  setting 
the  casting  pot  upon  in  the  act  of  pouring,  and  renders  it  more  convenient  to  empty. 
Ihe  gate  is  coated  with  a  mixture  of  loam  and  hair.  The  upper  slab  is  secured  to 
the  under  one  m  its  slanting  position  by  an  armour  oy:  binding.  This  consists  of 
tension  bars  of  wood,  k,  I  m,  of  the  iron  bars  n,  (3  to  3^  inches  broad,  U  inch  thick, 
see  the  top  ymw  fig.  235  )  of  a  rod  with  holes  and  pins  at  its  upper  end,  and  of  the 
iron  screw  spmdle  o  The  mode  in  which  these  act  may  be  understood  from  inspec- 
T.V^f^"'-  "PPe^         from  the  under  one  which  is 

effected  by  turning  it  round  its  edge,  a  chain  is  employed,  suspendinrtw^  others 
connected  with  the  slab^    The  former  passes  over  a  puUey,  and  may  be  puUed  up  and 
down  by  means  of  a  wheel  and  axle,  or  the  aid  of  a  counterweight     Upon  each  of 
the  two  long  sides  of  the  slab  are  two  iron  rings,  to  which  the  end.  of     p  n V„ • 
may  be  hooked    The  casting  faces  of  the  slab  m\st  be  cSef with  flayer  of  findv 
ground  loam;  the  thinner  this  is  the  better  ^  ^"^^^ 

of  'r'"''  i'  ^^Pl°y^^'  2        of  copper,  J  cwt.  of  calamine,  and  Ard  the  volume 

of  both  of  charcoal  mixed,  are  put  into  seven  crucibles  and  exDosed  to  },P^f  T  ■ 
11  or  12  hours;  the  product  being  from  70  to  72  lbs.  of  brass.  ^ 

Brass-Plate  Rolling.— Kt  Hegermuhl  there  are  two  re-heatine-  or  annanU^^  f  ^ 
one  larger,  18  feet  long,  and  another  smaller  8^   the  hot  chamhpr^=      ^  tTf 
the  fireplace  by  iron  beams,  in  such  a  way  th^t  the  brass  ast^7r"p?a'^^^^^^^^^^ 
the  flames  on  both  their  s  des.    After  each  nassase  thm^o-rtiVi  i     •  "P0° 
are  heated  anew,  then  cooled  and  lam  naS,  rntU  fhVy  ^a/e  reL^h^^^^^^^  ^'^l? 
The  plates  are  smeared  with  gi-ease  before  rolling  proper  length . 

Fig.  236  shows  the  ground  plan  of  the  furnace  and  its  railway  •  fia  2'?7  tT,« 
section;  andy?<,.238,  the  section  lengthwise;  a  a,  the  iron  Ty 'ba?;  or  rSs  upoB 

  — ■z> 

'mmmmr 


vents  m  the  roof  of  the  hot  chamblr  /■  a  o  t'wo  nlnt       ''  ^  ^^^n^s;  eee, 

h,  the  flue ;  i,  the  chimney.    After  roll.n/'  the  shlet?      '^''f  °?  ^^^^^^^r 
coppei%  are  plunged  for  a  few  minutes  nto  a^^^^^^^^^  ^'^'^'^  °'''<le  of 

washed  in  clean  water,  and  lastly,  sSS  whhoH  1^  works,  then 

For  musical  purposes,  the  brL  wii^of  BSlin  C  f '^^''i^^*'^  "  ''^""t  k;ife. 
celebrity;  but  that  of  Birmingham  anrof  Chea^^^^^^^  great  and  merited 

The  following  Table,  for  the  comnilatinn  nf       T        Preferred  by  foreigners 
Mallet  C  K,  presents,  in  a  very TtK  Welrm  l^T' >?^^      *°  M?.  Robert 
tions  of  the  various  kinds  of  brass  chemical  and  physical  condi- 
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Brass,  Malleable.  It  is  known  tbat  common  brass,  containing  from  27'4  to  31'8 
per  cent,  of  zinc  and  from  71 '9  to  65'8  per  cent,  of  coj)per,  is  not  malleable  -while  hot, 
but  tbat  articles  of  it  must  be  made  by  casting.  As  it  yould  be  of  great  advantage 
in  many  branches  of  industry  to  have  an  alloy  of  this  kind  that  could  be  worked 
■while  hot,  like  malleable  iron,  the  information  tbat  such  an  alloy  exists  must  be 
welcome  to  artists. 

By  melting  together  33  parts  of  copper  and  25  parts  of  zinc,  there  -was  a  loss  of 
3  parts,  thus  making  60  per  cent,  copper  and  40  per  cent.  zinc.  It  differs  from  tlie 
English  specimens  by  containing  a  larger  proportion  of  zinc,  and  possesses,  according 
to  M.  Machts,  the  proprietor  of  a  brass  foundry  in  Hanover,  the  precious  property  of 
malleability  in  a  higher  degree  than  the  English  specimens. 

A  piece  of  "yellow  metal,"  similar  in  colour  to  this  alloy,  -was  found  on  analysis 
to  contam  60-16  copper  and  39-71  zinc,  -which  is  the  composition  of  malleable  brass. 
It  also  sho-wed  great  density  or  solidity. 

An  alloy  was  prepared  by  melting  together  60  parts  copper  and  40  parts  zinc 
which  had  the  following  properties  :— The  colour  was  between  that  of  brass  and 
tombak,  it  had  a  strong  metallic  lustre,  a  fine  close-grained  fracture,  and  great  solidity 
(density).  Its  specific  gravity  at  the  temperature  of  10=  C.  was  8-44  ;  by  calculation 
It  ought  only  to  have  been  8-08  ;  thus  showing  that  in  the  formation  of  the  alloy  a 
condensation  must  have  taken  place.  Calculation  shows  that  the  alloy  may  be  con- 
sidered as  a  determinate  chemical  combination,  for  the  results  of  the  analysis  very 
nearly  accord  with  the  assumption  that  it  may  be  considered  as  composed  of  three 
atoros  by  weight  of  copper  and  two  atoms  by  weight  of  zinc  (3Cu  +  2Zn).  The  hardness 
of  the  alloy  is  the  same  as  that  of  fluor  spar  ;  it  can  be  scratched  by  apatite  (phos- 
phate of  lime),  consequently  its  hardness  is  =4.  The  alloy  is  harder  than  copper 
very  tough,  and  is,  in  a  properly  managed  fire,  maUeable  ;  so  much  so  that  a  key  was 
forged  out  of  a  cast  rod.  ^ 

These  important  properties  of  this  alloy  warrant  an  expectation  of  its  application 
to  many  purposes  in  the  arts,  and  it  would  appear  that  they  depend  on  its  definite 
chemical  proportions. 

We  learn  some  further  particulars  from  the  "Gewerbeverein,"  of  Lower  Austria 
Ibe  commission  obtained  from  an  English  specimen  65-03  of  copper  and  34-76  zinc' 
Eisner  analysed  a  malleable  brass,  and  found  it  to  contain' 6 MB  copper  and  39-71 
^'°i°",n  i'^ese  numbers  approximate  to  the  composition  Cu-'Zn^  (59-4  per  cent  coooer 
and  40-6  zinc).—Liebig  and  Kopp's  Report.  ^  ^P^^ 

nin'?^/^^  Colour,  for  staining  glass,  is  prepared  by  exposing  for  several  days  thin 
plates  of  brass  upon  tiles  m  the  leer,  or  annealing  arch  of  the  glass  house  till  thev 
are  oxidised  into  a  black  powder,  aggregated  in  lumps.  This  being  pulverised  and 
SKfted,  IS  0  be  again  weU  calcined  for  several  days  more,  till  no  panicles  remain °n 
the  me  all.c  state,  when  it  will  form  a  fine  powder  of  a  russet-brown  colour    rtbi  d 

frortln°°tT'  ^  "''^'"^^^^"y  ••^g"!^'^'^  q^'^lity  being  tested 

'Zl    t         '  ^'"^         e'^'^-    If     ^'^^'^^  the  glass  swell  and  in  u- 

mesce,  it  is  properly  prepared;  if  not,  it  must  be  still  further  calcined     Such  a 
powder  communicates  to  glass  greens  of  various  tints,  passing  into  turquote, 

When  thm  narrow  strips  of  brass  are  stratified  with  sulphur  in  a  cnxc"b  e  and  cal 
c  ned  at  a  red  heat,  they  become  friable  and  may  be  reducld  to  powd™     ThTs  beiS 
sifted  and  exposed  upon  tiles  in  a  reverberatory  furnace  for  10  or  12  days  become! 
Z  ZT'       IS  capable  of  imparting  a  chalcedony -red  or  yellow-  tinge  to 
by  fusion,  according  to  the  mode  and  proportion  of  using  it.  ^  ^ 

-I he  glassmakers'  red  colour  may  be  prepared  by  exposing  small  plates  of  bra^s  tn 
a  modei-ate  heat  in  a  reverberatory  furnace  till  they  are  thoroughly  calcbed  when 
l«afe"us?"°""  and  assumes  a  rJd  colour,    ft  I  S^re'ad^tr 

..fTl  ^jnployed  by  the  colourmen  to  imitate  brass,  is  of  two  tints  tli« 

orl^ole  crn^LTe  tf  V""°"'  ^'"^  ^'1*  ^^PP^  ^'-g^  -^-d  iTth  rS  oTht 
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Brass  Yellow.  The  following  Table  exhibits  thc^omposition  of  several  varieties 
of  this  species  of  brass.  No.  1  is  a  cast  brass  of  uncertain  origin ;  2,  the  brass  of 
Jemappes ;  3,  the  sheet  brass  of  Stolberg,  near  Aix-la-Chapelle ;  4  and  H,  the  brass 
for  gilding,  according  to  D'Arcet ;  6,  the  sheet  brass  of  Romilly;  7,  English  bniss 
wire ;  8  A'u"-sburg  brass  wire ;  9,  brass  wire  of  Ncustadt-Eberswald,  in  the  neigh- 
bourhood of  Berlin : — 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 

Copper 
Zinc  - 

61-G 

64-6 

64-8 

63-70 

64-45 

70-1 

70-29 

71-89 

70-16 

35-3 

33-7 

32  8 

33-.55 

32-44 

29-9 

29-26 

27-63 

27-45 

Lead  - 

2-9 

1-4 

2'0 

0-25 

2-86 

0-28 

0-20 

Tin 

0-2 

02 

0-4 

2-50 

0-25 

017 

0-85 

0-79 

100-0 

99-9 

1000 

100-00 

100-00 

100-00 

100-37 

98-60 

Tombak,  or  Red  Brass,  in  the  cast  state,  is  an  alloy  of  copper  and  zinc,  containing 
not  more  than  20  per  cent,  of  the  latter  constituent.  The  following  varieties  are  dis- 
tinguished :— 1,  2,  3,  tombak  for  making  gilt  articles;  4,  French  tombak  for  sword- 
handles  8iC. ;  5,  tombak  of  the  Okar,  near  Goslar,  in  the  Hartz  ;  6,  yellow  tombak  of 
Paris  for  gilt  ornaments  ;  7,  tombak  for  the  same  purpose  from  a  factory  in  Hanover  ; 
8  chrysochalk  ;  9,  red  tombak  from  Paris  ;  10,  red  tombak  of  Vienna. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Copper 
Zinc  - 
Lead  - 
Tin  - 

82-0 
18-0 
1-5 
3-0 

82 
18 
3 
1 

82-3 
1-75 

0-2 

80 
17 

3 

85 
15 

trace. 

85-3 
14-7 

86 
14 

90-0 
7-9 
1-6 

92 
8 

97-8 
2-2 

104-5 

104 

1000 

100 

100 

100-0 

100 

99-5 

100 

100-0 

Mr  Holtzapffel,  in  his  "  Mechanical  Manipulation,"  has  given  some  very  important 
descriptions  of  alloys.  From  his  long  experience  in  manufacture,  no  one  was  more 
capable  than  Mr.  Holtzapffel  to  speak  with  authority  on  the  alloys  of  copper  and 
zinc.    From  his  work,  the  following  particulars  have  been  obtained:- 

The  red  colour  of  copper  slides  into  that  of  yellow  brass  at  about  4  or  5  ounces  of 
zinc  to  the  pound  of  copper,  and  remains  little  altered  unto  about  8  or  10  ounces; 
X  this  it  becomes  whiter,  and  when  32  ounces  of  zinc  are  added  to  1 6  of  copper, 
the  mixture  has  the  brilliant  silvery  colour  of  speculum  metal,  but  with  a  bluish  tint. 

These  alloys -from  about  8  to  16  ounces  to  the  pound  of  copper-are  extensively 
used  for  dinpfng,  a  process  adopted  for  giving  a  fine  colour  to  an  enormous  variety 
of  furaitn^e  work.  The  alloys  with  zinc  retain  their  malleability  and  ductility  weU 
fnto  Tbout  8  or  10  ounces  to  the  pound  ;  after  this  the  crystalline  character  slowly 
Sns  to  prevail  The  alloy  of  2  zinc  and  1  copper  may  be  crumbled  in  a  mortar 
when  co°d^  In  the  followin|  list,  the  quantity  of  zinc  employed  to  lib.  of  copper 
is  given  : — 

1  tn  1 «  oz  ffildinff  metal  for  common  jewellery.  . 
afoloz  Bithm^etal,  pinchbeck,  Mannheim  gold,  Similor,  and  alloys  hearmg 
various  names,  and  resembling  inferior  jewellers  gold. 

^O^z""  M^ntS  rSoi-To'  zinc  and  60  copper.  "  Any  proportions/'  says  the 
patentee/' between  the  extremes,  50  zinc  and  50  copper  and  37  z.nc  and  63 
copper,  will  roll  and  work  well  at  a  red  heat. 

16  07  soft  spelter  solder,  suitable  for  ordinary  brass  work. 

16,i  oz  Hamilton  and  Parker's  patent  mosaic  gold. 

Brass  is  extensively  employed  ^^'l  thc^^Slf '^hS 
been  taken  out  for  compositions  varying  bu  ?l'6h  '>•  J-         °     °  ._  jj,.  w.  Ilewit- 

ZX:^  t:V:^^t:^^^rSli.:y.  co,.p„, ..... 
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zinc,  should  be  run  into  metal  or  "  chill "  moulds,  in  place  of  the  ordinary  moulds. 
In  liirge  castings,  it  is  found  more  especially  that  the  metals  do  not  mix  intimately  in 
cooling,  or,  rather,  they  arrange  themselves  into  groups  when  cast  in  sand,  and  the 
bearings  are  found  to  wear  out  more  quickly  ;  but  if  the  bearings  are  cast  so  that  the 
alloy  comes  in  contact  with  metal,  the  mixture  is  more  intimate,  and  the  bearings  last 
longer  than  if  cast  in  dry  or  green  sand  moulds. 

Mr.  Hewitson  generally  only  applies  these  chill-metal  surfaces  of  the  moulds  to 
those  parts  of  a  brass,  or  bearing,  that  are  to  receive  the  shaft  or  bear  the  axis  of  a 
machine.  The  chills  are  preferred  of  iron,  perforated  with  holes  d'gth  to  ^th  inch) 
for  the  passage  of  air  or  vapours ;  the  surface  should  be  thinly  coated  with  loam, 
and  heated  to  about  200°. 

Fenton's  patent  metal  consists  of  copper,  spelter,  and  tin :  it  has  less  specific  gra- 
vity than  gun  metal,  and  is  described  as  being  "  of  a  more  soapy  nature,"  by  which, 
consequently,  the  consumption  of  oil  or  grease  is  lessened. 

Many  of  the  patentees  of  bearing  metals  assure  us,  that  the  metals  they  now  use 
differ  very  considerably  from  the  statement  in  their  specifications.  Surely  this  requires 
a  careful  examination. 

We  exported  of  our  Brass  Manufactuees,  in  1856,  19,198  cwts.,  the  declared 
real  value  of  which  was  121,206/. 

BRASSING  IRON.  Iron  ornaments  are  covered  with  copper  or  brass  by  pro- 
perly preparing  the  surface,  so  as  to  remove  all  organic  matter,  which  would  prevent 
adhesion,  and  then  plunging  them  into  melted  brass.  A  thin  coating  is  thus  spread 
over  the  iron,  and  it  admits  of  being  polished  or  burnished.  The  electro-masnetic 
process  is  now  employed  for  the  purpose  of  precipitating  brass  on  iron.  This  process 
was  first  mentioned  m  Shaw's  "  Metallurgy,"  in  1844,  where  he  remarks,  "  In  depo- 
siting copper  upon  iron,  a  solution  of  the  cyanide  or  acetate  of  copper  should  be 
employed.  The  only  value  of  these  salts  is,  that  a  die  or  surface  of  iron  may  be 
immersed  in  their  solutions  without  receiving  injury  by  the  corrosion  consequent  upon 
the  deposition  of  a  film  of  metal  by  chemical  action."  The  following  solutions  ar^ 
recommended  by  Dr.  Woods,  in  the  "Scientific  American,"  for  loatbg  iron  with 
copper,  zinc,  or  brass,  by  the  electrotype  process. 

To  make  a  Solution  of  Copper  or  ^Tmc— Dissolve  8  ounces  (troy)  cyanide  of  potas- 

Tw'   .  '.°"°'f'  f  "^T^'  °'  1  S^^^^"^  of  rain  or^distilled  water 

These  solutions  to  be  used  at  about  160°  F.  with  a  compound  battery  of  from  3  to  12 

To  prepare  a  Solution  of  Brass.— Dissolve  lib.  (troy)  cyanide  of  potassium  2 
ounces  of  cyanide  of  copper,  and  1  ounce  of  cyanide  of  zinc,  in  1  11^0^ rZ'o? 
Ssed  at  ifioo^  of  muriate  of  ammonia.  ' This  foMon  is  to  be 

frot  s't^o^?.  Jellf  retjo^t-Mt'r^^^^^^^^^^  ^^^^  ^  ^^^^^^  ^^^^ 

BrIzIl' wool? "^P^-  ^^S'^-         ^^^"''^  J^-^^OPHA  Manihot 

JiKAZ,lL,  WOOD.    iBois  de  Perriambouc.Yr.;  Brasilienholz  Germ  \    TwZ  a 

gular  and  unpleasing  mannfr.    The  leaves  aJe  smllTL^^^  '°  ^  ''^^Sg'^^S,  irre- 

very  hard  and  heavy,  takes  a  hia-h  no  klT  !nT  -  T   •  luxuriant ;  the  wood  is 

tion  of  it  is  the  hearf,'as  he  outwJrKiof  wood  1,^°  T*^*" '  ''''  ""^^  ^^'"^^e  por! 
of  this  wood  is  deri'ved  frorCaVrXTng  fi^e  oT  coaP  7"^' 
Catsalpima  Brasihlo.    The  leaves  are  pinnatPrl  fh«  fl^  •  ^  botanical  name  is 

growing  in  a  pyramidal  spike-  one  sS  hi  ffn    "^^^  Papilionaceous, 
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possessions  -were  cut  down  and  sent  home,  -which.  Mr.  Bell  very  justly  terms  im- 
providence. It  is  not  now  so  much  used,  and  is  conjpquently  scarcer  in  the  English 
market. 

The  wood  known  in  commerce  as  Pernambuco  is  most  esteemed,  and  has  the 
greatest  quantity  of  colouring  matter.  It  is  hard,  has  a  yellow  colour  when  newly 
cut  but  turns  red  hy  exposure  to  the  air.  That  kind  termed  Lima  wood  is  the  same 
in  quality.  Sapaii  ivood  grows  in  Japan,  and  in  quality  is  next  the  two  named  above. 
It  is  not  plentiful,  but  is  much  valued  in  the  dyehouse  for  red  of  a  certain  tint;  it 
gives  a  very  clear  and  superior  colour.  The  quantity  of  ash  that  the.se  two  qualities 
of  wood  contain  is  worthy  of  remark.  Lima  wood,  as  imported,  gives  the  average  of 
27  per  cent.,  while  Sapan  wood  gives  1'5  per  cent.;  in  both,  the  prevailing  earth  is 
lime.  The  quantity  of  moisture  in  the  wood  averages  about  10  per  cent. ;  that  in  the 
ground  wood  in  the  market  about  20  per  cent. 

Pencil  wood,  or  Nicaragua,  and  sometimes  termed  Santa  Martha  ivood,  is  inferior  to 
the  other  two  named,  but  is  much  used  in  the  dyehouse,  and,  for  many  shades  of  red, 
is  preferred,  although  the  colouring  matter  is  not  so  great.  It  gives  a  bright  dye. 
The  means  of  testing  the  quality  of  these  woods  by  the  dyer  is  similar  to  that 
described  for  logwood,  with  the  same  recommendations  and  precautions.— iVa/jier  on 
Dyeing. 

Brazil  wood  has  different  shades  of  red  and  orange.  Its  goodness  is  determmed  par- 
ticularly by  its  density.  "When  chewed,  a  saccharine  taste  is  perceived.  It  may  be  dis- 
tinguished from  red  saunders  wood  by  its  colouring  water,  which  the  latter  does  not. 

Boiling  water  extracts  the  whole  colouring  matter  of  Brazil  wood,  and  if  the  ebul- 
lition be  long  enough  continued,  it  assumes  a  fine  red  colour.  The  residuum  appears 
black.  In  this  case  an  alkali  may  still  extract  much  colouring  matter.  The  solution 
in  alcohol  or  ammonia  is  still  deeper  than  the  preceding.  .     ^         n  ^ 

The  decoction  of  Brazil  wood,  called  juice  of  Brazil,  is  observed  to  be  less  fit  for 
dyeing  when  recent  than  when  old,  or  even  fermented.  By  age  it  takes  a  yel lowish- 
red  colour  For  making  this  decoction,  Hellot  recommends  the  use  of  the  hardest 
water  ;  but  it  should  be  remarked  that  this  water  deepens  the  colour  in  proportion  to 
the  earthy  salts  which  it  contains.  After  boiling  this  wood  reduced  to  chips,  or,  what 
is  preferable,  to  powder,  for  three  hours,  this  first  decoction  is  poured  into  a  cask 
Fresh  water  is  poured  on  the  wood,  which  is  then  made  to  boil  for  three  hours,  and 
mixed  with  the  former.  When  Brazil  wood  is  employed  m  a  dyeing  bath,  it  is 
nroner  to  inclose  it  in  a  thin  linen  bag.  „  ,,    .  i.  ■  j-i 

^  Wool  immersed  in  the  juice  of  Brazil  wood  takes  but  a  feeble  tint,  which  is  speedily 
destroved  ;  it  must  therefore  receive  some  preliminary  preparations. 

The^wool  is  to  be  boiled  in  a  solution  of  alum,  to  which  a  fourth  or  even  ess  of 
tartar  il  added  for  a  larger  proportion  of  tartar  would  make  the  co  our  yellowish. 
T^e  Uol  is  kept  impregnated  with  it,  for  at  least  eight  days,  in  a  cool  place.  After 
th  s  Tt  is  dyed  in  ?he  Brazil  juice  with  a  slight  boiling  But  the  first  colouring 
particles  that^ are  deposited  afford  a  less  beautiful  colour;  hence  it  is  proper  to  pass  a 
Laiser  stuff  previously  through  the  bath.  ,  In  this  mannef  a  lively  red  is  procured, 

which  '[-■f  .P^^^^^/JU^^.rwfein^g  sl'i  the  colour  known  as  false  crimson,  to 
distinilriffrom  t  '^crlml/n  m'Zde  fy  means  of  cochineal,  which  is  much  more 

^'The°rilk  Should  be  boiled  at  the  rate  of  20  parts  of  soap  per  cent.,  and  then  alumed. 
T^^^jlfnS^t^so  s^ng 

is  too  red  to  imitate  crimson  ;  .',/'Xali  to  thfS    It  might,  induced, 

slight  alkaline  solution,       l;'y.fdding  a  little  alk^^^^^^^^ 
be  washed  in  a  hard  water  tdl  it  had  tak^^^^^ 

permament  colours.  But  ^.^^^ ,  ^/f re^DearTng  in  their  natural  colour,  when 
approximates  them  to  cochineal,  is  theu  reappearing  in  i        ^r  with  oxide  of  tin. 

for  light  shades.  .  ,  .  •      j  log^^ood  is  put  into  the  Brazil 
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even  than  -when  it  is  dyed  with  carthamus ;  it  is  then  washed,  alumed,  and  dyed  with 
juice  of  Brazil,  to  which  a  little  soap  water  is  usually  added. 

The  colouring  particles  of  Brazil  wood  are  easily  afFecled,  and  made  yellow  by  the 
action  of  acids. 

The  colouring  particles  of  Brazil  wood  are  very  sensible  to  the  action  of  alkalis, 
which  give  them  a  purple  hue ;  and  there  are  several  processes  ia  which  the  alkalis, 
either  fixed  or  volatile,  are  used  for  forming  violets  and  purples.  But  the  colours 
obtained  by  these  methods,  which  may  be  easily  varied  according  to  the  purpose,  are 
perishable,  and  possess  but  a  transient  bloom.  The  alkalis  appear  not  to  injure  the 
colours  derived  from  madder,  but  they  accelerate  the  destruction  of  most  other  colours. 

In  England  and  Holland  the  dye-woods  are  reduced  to  powder  by  means  of  mills 
erected  for  tlie  purpose. 

The  bright  fugitive  red,  called  fancy  red,  is  given  to  cotton  by  Nicaragua,  or  peach 
wood,  a  cheap  kind  of  Brazil  wood. 

The  cotton  being  scoured  and  bleached,  is  boiled  with  sumach.  It  is  then  impreg- 
nated with  a  solution  of  tin  (at  5°  B.,  according  to  Vitalis).  It  should  now  be  washed 
slightly  in  a  weak  bath  of  the  dyeing  wood;  and,  lastly,  worked  in  a  somewhat  stale 
jnfusion  of  the  peach  or  Brazil  wood.  When  the  temperature  of  this  is  lukewarm,  the 
dye  IS  said  to  take  better.  Sometimes  two  successive  immersions  in  the  bath  are 
given.    It  is  now  wrung  out,  aired,  washed  in  water,  and  dried. 

M  Vitalis  says,  that  his  solution  of  tin  is  prepared  with  two  ounces  of  tin  and  a 
pound  of  aqua  regia,  made  with  two  parts  of  nitric  acid  at  24°  B.  and  three  carts  of 
muriatic  acid  at  22°. 

For  a  rose  colour,  the  cotton  is  alumed  as  usual,  and  washed  from  the  alum.  It 
then  gets  the  tin  mordant,  and  is  again  washed.  It  is  now  turned  through  the  dye- 
bath,  an  operation  which  is  repeated  if  necessary. 

For  purple,  a  little  alum  is  added  to  the  Brazil  bath. 

1.  For  amaranth,  the  cotton  is  strongly  galled,  dried,  and  washed. 

2.  It  IS  passed  through  the  black  cask  {tonneau  noir,  see  Black  Die),  till  it  has 
taken  a  strong  grey  shade. 

3.  It  receives  a  bath  of  lime  water. 

4.  Mordant  of  tin. 

5.  Dyeing  in  the  Brazil  wood  bath. 

6.  The  last  two  operations  are  repeated. 

Dingier  has  endeavoured  to  separate  the  colouring  matter  of  the  dififerent  sorts  of 
Biazil  wood,  so  as  to  obtain  the  same  tint  from  the  coarser  as  from  the  best  Pernam- 
bnco.  I-Ls  process  consists  m  treating  the  wood  with  hot  water  or  steam,  in  concen- 
trating the  decoction  so  as  to  obtain  14  or  15  pounds  of  it  from  4  pounds  of  wood 
allowing  It  to  cool  and  pouring  into  it  two  pounds  of  skim  milk!  agitating,  then 
boiling  for  a  few  minutes,  and  filtering.  The  dun  colouring  matters  are  precipitated 
by  the  coagulation  of  the  caseous  substance.  For  dyeing^  the  decoctLrZst  be 
dilu  ed  with  water;  for  printing,  they  must  be  concentrated  so  that  4  pSs  of  woJd 
shall  furnish  only  5  or  6  pounds  of  decoction,  and  the  liquor  may  be  thickened  in  th^ 
ordinary  way.  These  decoctions  may  be  employed  immlliatelyf  as  by  tWs  treatolnt 
hey  have  acqun-ed  the  same  property  as  they  otherwise  could  g^t  only  S  VS  W 
kept.  A  slight  fermentation  is  said  to  improve  the  colour  of  these  decoctions  somf 
grmmd  wood  ,s  put  mto  the  decoction  to  favour  this  process  ^^coctions,  some 

Oall-nuts,  however,  sumach,  the  bark  of  birch  or  alder,  render  the  colour  of 
wood  more  durable  upon  alumed  linen  and  cotton  goods,'burt£\tdris?litOe 

ne5rt|^ri^S'l~- t  Sr^^-^  ^"^^  ^^^'^ 

the  wool  are  then  alumed  ?n  a  bath  of  23  no^  nl   f  ,  ^''^'^  P"""ds  of 

afterwards  rinsed  in  cold  wate7    Mean wMe^  J^^^^         ''t-  of  tartar,  and 

containing  30  pails,  and  hered  to  tfe'Lmp   L^^^^    '  1 57°'or'f60°"F'  '  ""'■^'^ 

pailfuls  of  the  decoction,  heat  to  the  same  noinf  nVJ!^     a  -  .    J'    ^^"^  P""'"  ^ 
wool  which  does  not  take  a  scarlet,  bu  rrhe'T  rfmson  t"?  ^Th        '°  ^""""^^ 
2  pails  of  decoction  are  put  in   and  -^n  nnL  if  J       ,     ,  •  ^'^  ""^'"S  removed, 
but  not  so  fine  as  at  the  thfrd  d  o     If  thp  ruT  f      T"''  Y''"^''  ^'^^^  ^^a'-K 
first  dip,  a  little  more  at  the  second  an  f  adds  at  th?tf  ^  ""^ 

decoction  merely  necessary,  he  wHl  obtain  -J.  lit  ^""'"^  '^'^  1"'i'>tity  of 

of  Pernambuco,%00  poun'ds  of"w  o fmTy  b  dy  ?  l-^^rin'thr'  P-" 
deposits  another  100  may  be  dved  of  a  HIp  rnlnJr     a      ,  v-      ^'^J''  ""'^  ^"'h  the 
colour  faster,  but  less  brilliant  ^'^  °^        renders  the 
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Karkutsch  says  the  dye  may  be  improved  by  adding  some  ox-gall  to  the  bath. 

In  dyeing  cotton,  the  tannin  and  gallic  acid  are  t\^p  necessary  mordants,  and  the 
colour  is  particularly  bright  and  durable  when  the  cloth  has  been  prepared  with  the 
oily  process  of  Turkey  red. 

It  is  said  that  stale  urine  heightens  the  colour  of  the  Brazil  dye  when  the  ground 
wood  is  moistened  with  it. 

Chevreul  obtained  the  colouring  matter  from  Brazil  wood  in  the  following  man- 
ner: Digest  the  raspings  of  the  wood  in  water  till  all  the  colouring  matter  is 

dissolved,  and  evaporate  the  infusion  to  dryness,  to  get  rid  of  a  little  acetic  acid 
which  it  contains.  Dissolve  the  residue  in  water,  and  agitate  the  solution  with 
litharge,  to  get  rid  of  a  little  fixed  acid.  Evaporate  again  to  dryness  ;  digest  the 
residue  in  alcohol ;  filter  and  evaporate,  to  drive  off  the  alcohol.  Dilute  the  re- 
sidual matter  with  water,  and  add  to  the  liquid  a  solution  of  glue,  till  all  the  tannin 
which  it  contains  is  thrown  down ;  filter  again,  and  evaporate  to  dryness,  and  digest 
the  residue  in  alcohol,  which  will  leave  undissolved  any  excess  of  glue  which  may 
have  been  added.  The  last  alcoholic  solution,  being  evaporated  to  dryness,  leaves 
brezilin,  the  colouring  matter  of  the  wood,  in  a  state  of  considerable  purity. 

The  quantity  of  Brazil  or  Nicaragua  wood  imported  into  the  United  Kingdom  in 
1844  was  4559  tons,  whereof  1016  were  exported.    The  duty  has  been  repealed. 

The  Importations  of  BrAZH.  Wood  (which  has  been  admitted  free  since  19  th 
March,  1845)  in  1855  was  as  follows:— 

Tons.  Computed  real  Value. 

From  Mexico         -      -       -       -  131  -  -£6574 

„    New  Granada       ...  35  -  -  1763 

„     Brazil  -       -       -       -  113  -  -  5668 

„     Chili   39  -  -  1938 

Peru   46  -  -  2292 

,"    other  parts    -       -       -       -  29  -  -  1428 

Of  Brazil  wood  there  was  re-exported  262  tons,  the  computed  real  value  being 
13,087?. 

BREAD.  One  of  the  most  important,  if  not  altogether  the  most  important,  article 
of  food,  unquestionably,  is  bread ;  and  although  rye,  barley,  oats,  and  other  cereals, 
are  sometimes  used  by  the  baker,  wheat  is  the  grain  which  is  best  fitted  for  the  manu- 
facture of  that  article,  not  only  on  account  of  the  larger  amount  of  gluten,  or  nitro- 
genous matter,  which  it  contains,  and  than  can  be  found  in  other  edible  grains,  but 
also  on  account  of  the  almost  exact  balance  in  which  the  nitrogenous  and  non- 
nitrogenous  constituents  exist  in  that  cereal,  and  owing  to  which  it  is  capable  of 
ministering  to  all  the  requirements  of  the  human  frame,  and  of  being  assimilated  at 
once  and  without  effort  by  our  organs,  whence  the  name  of  "  staff  of  life,  "  which  is 
often  given  to  it,  wheat  being,  like  milk,  a  perfect  food. 

Although  gluten  is  one  of  the  most  important  constituents  of  wheat,  the  nutritive 
power  of  its  flour,  and  its  value  as  a  bread-making  material,  should  not  be  altogether 
considered  as  dependent  upon  the  quantity  of  gluten  it  may  contain,  even  though  it 
be  of  the  best  quality.  Doubtless  a  high  per-centage  of  this  material  is  desirable,  but 
there  are  other  considerations  which  must  be  taken  into  account;  for,  in  order  to 
become  avaUable  for  making  good  bread,  flour,  in  addition  to  being  sound  and  genuine, 
must  possess  other  qualities  beyond  containiug  merely  a  large  amount  of  gluten 
Thus  for  example,  the  bU  rouge  glacS  d'Auvergne,  which  contains  hardly  45  per  cent, 
of  starch,  and  as  much  as  36  per  cent,  of  gluten,  though  admirably  adapted  for  the 
manufacture  of  macaroni,  vermicelli,  semolma,  and  other  pates  d  Italie,  is  totally 
mfit  for  making  good  bread:  the  flour  used  for  making  best  white  loaves  contaming 
onlv  from  1 0  to  18  per  cent,  of  gluten,  and  from  60  to  70  per  cent,  of  starch. 

Bread  s  obtained  by  baking  a  dough,  previously  fermented  either  by  an  adm-x- 
tui^  of  yeast  or  leaven,  or  it  is  artificially  rendered  spongy  by  causing  an  acid, 
muriatic^or  tartaric,  to  react  upon  carbonate  or  bkarbonate  of  soda,  or  of  ammo- 
nia mxed  in  the  doughy  mass;  or,  as  in  Dr.  Dauglish's  process,  which  w  11  be 
des'crTbed  further  on,  hy  mixing  the  flour  which  has  to  be  converted  into  dough,  not 
with  ordinary  water,  but  with  water  strongly  impregnated  wit,h  carbonic  ac.d. 

Although  I  hisforV  of  bread  making  cannot  be  introduced  in  the  present  ar  icle  a 
few  wordf  on  the  subject,  reproduced  from  the  former  edition  of  this  work,  will  not 

'V'firiJfoS  u'tatbarley  was  the  only  species  of  corn  at  first  used  for  food ;  and 
even  after  the  method  of  reducing  it  to  flour  had  been  disco-  ercd,  it  was  long  before 

Jews,  the  Greeks,  and  the  Asiatics,  among  whom  baking  was  practised 
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profession.  In  this  art,  the  Cappadociaus,  Lydians,  and  Phoenicians,  are  said  to  have 
particularly  excelled.  It  was  not  till  about  .580  years  after  the  foundation  of  Rome 
that  these  artisans  passed  into  Europe.  The  Roman  armies,  on  their  rc'turn  from 
Macedonia,  brought  Grecian  bakers  with  them  into  Italy.  As  these  bakers  had 
handmills  beside  their  ovens,  they  still  continued  to  be  called  pistores,  from  the  ancient 
practice  of  bruising  the  corn  in  a  mortar ;  and  their  bakehouses  were  denominated 
pistoria.  In  the  time  of  Augustus  there  were  no  fewer  than  329  public  bakehouses 
in  Rome ;  almost  the  whole  of  which  were  in  the  hands  of  Greeks,  who  long  con- 
tinued the  only  persons  in  that  city  acquainted  with  the  art  of  baking  good  bread. 

In  nothing,  perhaps,  is  the  wise  and  cautious  policy  of  the  Roman  government  more 
remarkably  displayed,  than  in  the  regulations  which  it  imposed  on  the  bakers  within 
the  ciiyt  To  the  foreign  bakers  who  came  to  Rome  with  the  army  from  Macedonia, 
a  number  of  freedmen  were  associated,  forming  together  an  incorporation  from  which 
neither  they  nor  their  children  could  separate,  and  of  which  even  those  who  married 
the  daughters  of  bakers  were  obliged  to  become  members.  To  this  incorporation 
were  entrusted  all  the  mills,  utensils,  slaves,  animals,  everything,  in  short  which 
belonged  to  the  former  bakehouses.  In  addition  to  these,  they  received  considerable 
portions  of  land  ;  and  nothing,  was  withheld  which  could  assist  them  in  pursuin-  to 
the  best  advantage,  their  highly  prized  labours  and  trade.  The  practice  of  Son- 
demnmg  criminals  and  slaves,  for  petty  ofiFences,  to  work  in  the  bakehouse,  was  still 
continued ;  and  even  the  judges  of  Africa  were  bound  to  send  thither  every  five 
years  such  persons  as  had  incurred  that  kind  of  chastisement.  The  bakehouses  were 
distributed  throughout  the  fourteen  divisions  of  the  city,  and  no  baker  could  pass 
from  one  into  another  without  special  permission.  The  public  granaries  were  com- 
mitted to  their  care  ;  they  paid  nothing  for  the  cora  employed  in  baking  bread 
ntP.rhl%h      ^'T  f  ""^^  ciiiz^^s;  and  the  price  of  the  rest  was  regu- 

lated by  the  magistrates.    No  corn  was  given  out  of  these  granaries  except  for  The 

IttTr-'     J^'^l^'  ^T"-'^-  "f  ^  The  bakers  had  besides  private 

granaries,  m  which  they  deposited  the  grain  which  they  had  taken  from  the  public 
fZrl2T      ^'""^^d.ate  use  ;  and  if  any  of  them  happened  to  be  convicted  of  having 

finp  ofi    I        T  °^  *^<',g'-^.'V°  P^Pose,  he  was  condemned  to  a  ruinou! 

line  of  five  hundred  pounds'  weight  of  gold.  umuub 

Most  of  these  regulations  were  soon  introduced  among  the  Gauls  ;  but  it  was  Ions 
before  they  found  their  way  into  the  more  northern  countries  of  Europe     B^rr  chTuf 

of  rr^^'^r^'V'  ^^"^^'^        ^^^'^^^^  ^^ead  known,  so  lat^e  as  the  middle  • 

ot  the  16th  century,  was  unleaven  cakes  kneaded  bv  the  wompn     A  t  li^tf  "'^^.''^ 

our  own  history  the  art  of  baking  became  a  slpaYatfprTf^  L,  t  itl  ITiZ 
able  to  ascertam;  but  this  profession  is  now  common  to  all  the  countrS  in  Euion? 
and  the  process  of  baking  is  also  nearly  the  same  liuiope, 

fine  groats.  The  pain  Mane,  or  white  bread,  is  made  of  whiTe  flour  7i^UT  ""^ 
a  sieve  after  the  finest  flour  has  been  senaratP^     TiL     •       v  l  ^^'^'^^^  through 

In  England,  however,  we  have  but  few  varieties  of  hvp^A  fh^ 
the  names  of  bricks,  Coburg,  cottage  batch  llTpr.Jh     i,    v,  •  ^"""^'^  ""der 

same  dough;  the  only  difi-erence t^b  tS„^,^ ^Tf^^^^^  ^'^  "^^'^^ 

depending  on  the  way  in  which  they  are  Xcted  bv  t^^^^ 

baking.    These  loaves  are  crusted  aU  over  Euse  thev  nrp  ^  °*  •"'^  '°  the 

separate  from  each  other,  or  baked  in  mS  made  of  ^fnn!^  ■  °^<^° 
bread  is  crusted  only  at  he  ton  and  hnZT ZT  °\  '""'^d  iron,  whereas  the  batch 
form,  touch  each  otLr  in  the  oven  ftho^e  howe^^^^^^^^  "^^l^  ^^-^  -  -biS 

crust  on  three  of  their  sides.    The  cottaffe  and  PrJ  >,         '"""'^  have  a 
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and  of  households,  or  flour  of  second  quality,  and  of  seconds,  which  is  flour  of  a  third 
quality  —  that  is  of  flour  containing  more  bran  than  the  other  kinds  just  enumerated. 
We  have  also '"rye  bread,"  which  is  generally  made  of  nothing  else  than  ordinary 

wheat  flour  and  bran.  „  ,  .    -r^.   .  ^    ,  i  j  ,i  rr-u     v  ^ 

Dr  Ure  in  the  former  edition  of  this  Dictionary,  truly  remarked,  "  The  object 
of  bakinff  is  to  combine  the  gluten  and  starch  of  the  flour  into  a  homogeneous  sub- 
stance and  to  excite  such  a  vinous  fermentative  action,  by  means  of  its  saccharine 
matter  as  shall  disengage  abundance  of  carbonic  acid  gas  in  it  for  making  an  agree- 
able soft,  succulent,  spongy,  and  easily  digestible  bread.  The  two  evils  to  be  avoided 
in  bakin"  are,  hardness  on  the  one  hand  and  pastiness  on  the  other.  Well-made 
bread  is  a  chemical  compound,  in  which  the  gluten  and  starch  cannot  be  recognised 
or  separated,  as  before,  by  a  stream  of  water.  When  flour  is  kneaded  into  a-dough, 
and  spread  into  a  cake,  this  cake,  when  baked,  will  be  horny  if  it  be  thin,  or  if  thick, 
will  be  tough  and  clammy  ;  whence  we  see  the  value  of  that  fermentative  process, 
which  generates  thousands  of  little  cells  in  the  mass  or  crumb,  each  of  them  dry  yet 
tender  and  succulent  through  the  intimate  combination  of  the  moisture.  By  this  con- 
stitution it  becomes  easily  soluble  in  the  juices  of  the  stomach,  or,  m  other  words, 
light  of  digestion.   It  is  moreover  much  less  liable  to  turn  sour  than  cakes  made  from 

""""^BUrwhich  al^'  forms  a  true  spongy  bread,  though  inferior  to  that  of  wheat,  consists 
of  similar  inoredients  — namely,  6107  of  starch,  9-48  of  gluten,  3-28  of  vegetable 
albumen  .3-23  of  uncrystaUisable  sugar,  11-09  of  gum,  6-38  of  vegetable  fibre  ;  the 
loss  upon  the  100  parts  amounted  to  5  62,  including  an  acid  whose  nature  the  analyst, 
M  Einhof,  did  not  determine.  Kye  flour  contains  also  several  salts,  principally  the 
Phosphate  of  lime  and  magnesia.  This  kind  of  grain  forms  a  dark-coloured  bread 
reckS  very  ^^holesome  f  comparatively  Uttle  used  in  this  country,  but  very  much 

.FZgh  trrnYed  w?th^S^^^  of  leaven  or  yeast,  contains  little  or  none  of 

the  saccharine  matter  of  the  flour,  but,  in  its  stead,  a  certam  portion,  nearly  half  its 
weiSrof  sSir-^  which  imparts  to  it  a  vinous  smell,  and  is  volatilised  in  the  oven, 
wheTce  it  S  be  condensed  into  a  crude,  weak  alcohol,  on  the  plan  of  Mr.  Hicks 
Iten^^ver^  ft  worth  while.  But  the  increased  complexity  of  the  baking  apparatus 
Srprobablv  p^ve  an  effectual  obstacle  to  the  commercial  success  of  this  project, 
will  Probawy  P^o^^^  upwards  of  20,000/.  sterling  were  foolishly  squandered. 

"'"Vhat  hfrJr  oTth'e  Zr  J  true  element%f  the  fermentation  which 
donl  undergoes  and  that  the  starch  and  gluten  have  nothing  to  do  with  it. 
mav  be  pS  by  decisive  experiments.  The  vinous  fermentation  continues  tiU 
Z  whole  sugar  is  decomposed,  and  no  longer;  when  if  the  process  be  not 
the  whole  ^^fr"^ "  .  ^lie  acetous  fermentation  will  supervene.  Therefore, 
?r  ntdeCar  be  addet  ^o 'a  flour  which  contains  little  or  none,  its  dough  will 
if  a  little  sugar  De  J^^^       j  extrication  of  gas,  so  as  to  make  spongy 

become  f-^^^^'^^^^g  "^^g^th  fpolginess  is  produced  solely  by  the  extrication  of 
succulen  bread.         ^ince  tms  spo  g  y    substance  capable  of  emitting  gas, 

gas  and  its  expansion  in  ^f^'^^f *f  .^Ise  circumstances,  will  answer  the  same 
or  of  teing  conver  ed  mto  It  un^^^^  ^'^^.^^^  .^^ 

purpose.  Were  a  solution  ^i^^^J'^^f  „  ^av  to  the  air,  incorporated  with  the 
common  sesquicarbonate       powder  for  a  day  to  tu  ^  .^^ 

dough,  in  the  subsequent  '/^^      if  witer  highly  impregnated  with  carbonic 

tion,  render  the  bread  "^^^  douS^the  resuUin^^^  somewhat  spongy, 

acid  gas  be  used  for  kneading  the  .7?°'^"/^^^    as  the  sugar  would  remain 

Could  a  light  article  of  food  be  prepa  edm^  g  nourishing, 

undecomposed,  the  b-'^.^^trto  diLstTon  takes  place  in  the  constitution  of  the  starch 
fn7gteVdt?nrtbeCmenU?^^^^^^^^^^^       th^e  dough  has  not  been  hitherto  ascer- 

texture,  when  prepared  by            ^^^^S^  S  of  a  loaf  which  has  been 

generated  within  the  oven,                             ™  Bread  which  has  been  raised 

Siade  after  the  preparatory  fermentation  ^^fHf^  the  pastry-cooks,  is  porous  no 

with  the  commoncarbonate  of  ammonia  as  use^^  ^^^.P^^^  ^^^^ 

doubt,  but  not  spongy  with  ^esiculai  spaces,   iKe  j      ^^-^^     jj^^  ^oast 

The  former  kind  of  bre^^ °«^,^.\P7f  "/^.^.f  ^^^^^  London.    It  is,  moreover, 

of  the  Parisian  baker,  but  which  ammonia,  which  gives  both 

very  difficult  to  expel  by  the  oven  the  ^^^^VorUo^  ot  e  a          ,  ^^.^ 

a  tinge  and  a  taste  to  the  ^^^ead.    The  bica>b^^  sesquicarbonate.  "-i/re. 
objection,  ^bich  operates  so  much  a^^^^^^ 

The  conversion  of  flour  ">'o  J^/^^^i^"'"'' The  preparation  of  the  dough,  however, 
preparation  of  the  dough  and  tlie  baKing.    xue  i  i 
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though  reckoned  as  one,  consists,  in  fact,  of  three-operations  —  namely,  hydraling, 
kneading,  and  fermenting. 

^\h&n  the  baker  intends  to  make  a  batch  of  bread,  his  first  care  is,  in  technical 
language,  to  stir  a  ferment.  This  is  done,  in  London,  by  boiling  a  few  potatoes,  in  the 
proportion  of  5  lbs.  or  6  lbs.  of  potatoes  per  sack  of  flour  (which  is  the  quantity  we 
shall  assume  it  is  desired  to  convert  into  bread),  peeling  them,  mashing  and  straining 
them  through  a  cullender,  and  adding  thereto  about  three-quarters  of  a  pailful  of 
■water,  2  or  3  lbs.  of  flour,  and  one  quart  of  yeast.  The  water  employed  need 
not  be  warmed  beforehand,  for  the  heat  of  the  potatoes  is  sufficient  to  impart  a 
proper  temperature  (from  70°  to  90°  F.)  to  the  liquid  mass,  which  should  be  well 
stirred  up  with  the  hand  into  a  smooth,  thin,  and  homogeneous  paste,  and  then  left 
at  rest. 

In  the  course  of  an  hour  or  two,  the  mass  is  seen  to  rise  and  faU,  which  sweUing 
and  heaving  up  is  due  to  carbonic  acid,  generated  by  the  fermentation  induced  in  the 
mass,  which  may  be  thus  left  until  wanted.  In  about  three  hours,  this  fermenting 
action  will  appear  to  be  at  an  end,  and  when  it  has  arrived  at  that  stage,  it  is  fit 
to  be  used.  The  ferment,  however,  may  be  left  for  six  or  seven  hours  and  be  still 
very  good  at  the  end  of  that  time,  but  the  common  practice  is  to  use  it  within  four  or 
nve  hours  after  its  preparation. 

f™t°^pli  °P"?t^o°co°fstsJn  "setting  the  sponge."   This  consists  in  stirring  the 
ferment  weU,  adding  thereto  about  two  gaUons  of  lukewarm  water,  and  as  much  flour 
a  wiU  make,  with  the  ferment,  a  rather  stiff  dough.    This  constitutes  "  2„r" 
It  is  kept  m  a  warm  situation,  and  in  the  course  of  about  an  hour  fermentation  aga  n 
begins  to  make  its  appearance,  the  mass  becomes  distended  or  is  heaved  urby  the 
carbonic  acid  produced  the  escape  of  which  is  impeded  by  the  toughness  of  the  mass 
This  carbonic  acid  is  the  result  of  the  fermentation  induced  undir  the  "nfluence  of 
water  by  he  action  of  the  gluten  upon  the  starch,  a  portion  of  which  i  c^ed 
thereby  into  sugar,  and  then  into  alcohol.    A  time,  however,  soon  comes  when  he 
quantity  of  carbonic  acid  thus  pent  up  becomes  so  great  that  it  bursts  through  and  the 
sponge  collapses  or  drops  down.    This  is  caUed  the  first  sponge.-Bv.t  as  the  fe men 
atiou  IS  s  iU  going  on  the  carbonic  acid  soon  causes  the  sponge  to  i^se  aga  „  as  b^-ore 
to  nearly  twice  Us  volume,  when  the  carbonic  acid,  bursting  through  the^mass  causes 
It  to  fall  a  second  time  ;  and  this  constitutes  what  the  bakers  caU  the  fecond^onae  THp 
risingand  famng  might  then  go  on  for  twenty-four  hours  ;  C^^^ 
pass  into  the  acetous  fermentation  soon  after  the  second  riiino-  thp  holrf  i        ^  . 
feres  after  the  second,  and  very  frequently  after  theZt  s^oTg!^^   The  teaSdVfiSm 

requires,  at  the  verv  least  3-L lbs  npr  .nZt  T  /  w   ?  I  of  mferior  quahty,  always 

do'ugh  sufficiently'^fl^m"toSul,im'ksdft^^      f^rmfnt  nS  "  S°  if^'  1°  T'^^ 

extent,  like  alum,  though  not  so  powerfuUv     As  to^^^^^  '      ^  ^'"^^ 

it  depends  also  a  great  deal  on  thl  oS  nf       fl     ^ T''*/  °^  ^^^""^  t°  "^ed, 

most ;  though,  as  ^e  shall  ha"  l.cZnZ  remark  the\al-«  to' 

force  and  keep  into  bread  madp  fm^Tir^ft,,  •  t^ie  baker  too  often  contrives  to 

the  same  amount  of  S  aTl  nSrmal  v  f  1/       I'      '  ''^^''^ 

raUy  speaking,  and  S  flou  oT^rPa™^^^^^^^^^^  ""'f  r''''-  . 

that  the  diluted  sponge  forms  about  14  gaUons  oTl  Qui?    Th'Thl  ^« 

torn  to  p  eces  by  the  hand  so  is  tn  Wai         i     ^  ™ass  is  then 

up  thoroughly  with  the  water    This  hpt^T    "^Kl  ""^^      ^"'^  it 

gradually  Sdd^ed  and  kneaded"  nto  a  doJ^Hf  re^,   '         °^  ^^^'^ 

ing  of  the  dough  may  be  said  to  be  one  of    -  P™?'^''. '=o°«'Stency.    This  knead- 

manufacture,  siSce  it  not  onirproduces  a  m^ e  ,  InW  TT'''^'''  Processes  of  the 

by  imprisoning  a  certain  quan^ti?;  of  air  wkhiu  the  dou^h  Y^T""-^^  '"^'^ 

closer  contact  the  moleciles  of  the  veLIor  Telven  tifh  "'"'^^ 

also  with  a  portion  of  the  starch  the  form  1.^^  ■       "'S'^'"  °^       A""''-  and 

which  thesponginessoftL  loaf  and  itf^^^^^^^  or  rising  of  the  whole  mass,  on 

When  by  forcing  the  hand  nto  the  douS  the  mL:"^'''^"';""^  ''^P™'^'  ^^'^"'•'-■d^ 

none  of  the  dough  adheres  to  i    he  Ss  thnt  lb"  f ^^it^rawing  it, 

dough  is  then  allowed  to  remain  n  thP  hT^i  f    ,   kneading  is  completed.  The 

hours,  if, refers'  or  GvJr;;:,/have\  '  half  or  {io 

t..econtrary,,...,.,,.r4..a,.have3:7S^^^^^^ 
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required  for  the  dough  to  rise  up,  or,  as  in  technical  language,  to  give  proof.  When  the 
dough  is  sufficiently  "p'W"'."  it  weighed  off  into^umps,  shaped  into  the  proper 
forms  of  4  lbs  4  oz.  each,  and  exposed  for  about  one  hour  in  an  oven  to  a  tempe- 
rature of  about  570°  F.,  the  lieat  gradually  falling  to  430  or  420°  F.  The  yield  after 
]^Snf  L  9r^n"tesn  {not  4-lb.)  loaves,  or  from  90  to  92  really  4lb.  loaves,  as  large 
amiin^as  thev  were  when  put  into  the  oven  in  the  shape  of  dough. 

The  manner  in  which  yeast  acts  upon  the  flour-is  as,  yet,  an  unsolved  mystery 
or  at  any  rate  an,  as  yet,  unsatisfactorily  explained  action  ;  for  the  term  «  catalysis, 
which  has  sometimes  been  applied  to  it,  explains  absolutely  nothing. 

A  veast  or  fermenting  material,  may  be  prepared  in  various  ways  ;  but  only  three 
kinds  of  yeast  are  used  by  bakers  :  namely,  brewers '  yeast,  or  barm,— German  yeast, 

'"tI:? nlt^L'tWeTfiiese  ferments  is  the  first,  or  brewers'  yeast ;  it  is  as  is  weU 
known,  a  frothy,  thickish  material,  of  a  brownish  or  drab  colour,  which,  when  recent, 
is  in  a  state  of  slight  effervescence,  exhales  a  sour  characteristic  odour,  and  has  an 

''^WhTn  viewed  through  the  microscope,  it  is  seen  to  consist  of  small  globules  of  vari- 
ous size  eeneraUy  egg  shaped.    They  were  first  described  by  M  Desmayieres. 

The  best  and  hi  fact  the  only,  brewers'  yeast  used  in  bread-makmg  is  that  from  he 
ale  breweries  -  porter  yeast  is  unavailable  for  the  purpose,  because  it  miparts  to  the 

being  in  a  putrefied  f  '  J^^' "f,.'^^^^^;  "Se'sf^d  at  the  same  time  the  weakest  of 

used  by  bakers.  It  is  made  ^'^f.:^'f^'lJJ^^°To{^^^^^^  to  which  malt  is  added 
caUed  hop  y^-'.  .a'^^^^-^^/rS  ^^^^^^^^  Luor  fas  fallen  ?o  a  blood  heat,  a  certain 
^vhile  in  a  scalding  hot  state  ;  ^l»eii  the  M^^^  j  ^         it  and  the  whole  is 

X^Se^PslTi^^^^^^^^^^  the  tendency  of  this  solution 

'"poLT'/a'f  is  a  kind  oi;' patent  yeasty' m  ^''^l^^^^^^^^^^  .<  The  flour,"  says 

The  theory  of  panification  is  ^^^t  ^'^^^J^f  XtT  contains  in  greater 

Dr.  Ure,  "owes  this  l^^^^^'l^^^^'^  '^l^fT^^^  not 
abundance  than  any  of  the  other  cermZia  (kinds  of  cor^^^^^ 

constitute,  as  has  been  heretofore  f  ^^g^^^'^  ^J^^^^^^'ssu^  epidermic 
perisperm  of  the  wheat;  but  is  enclosed  in  ceUs  of  th^^^^^^^^ 

ioats"  even  to  the  centre  of  the  g^^^-    }^  S  the  Mediate  principles  of  the  vege- 

Saky  ihe  starch  and  the  sugar  ;  -'^^^^^  J/PJ^L^^/^^^^^^^    and  dissolves  the 
"  The  diffusion  of  the  flour  thy_0'^g^,    J^^^^^^^  of  the  dough,  by 

sugar,  the  albumen,  and  ^ome  other  soluble  maUe^  ine 
completing  these  "-<>tio"S  through  a  mory^^^^ 

mentation  of  the  sugar,  by  hrmgmg  its  particles  into  and  stratifies  it, 

Laven  or  yoast ;  and  the  ^-wing  out  and  lammaUng^^^^^^ 

introducing  at  tlie  same  time  oxygen  to  aia  warmth,  in  the  folds 

distrlbuted^nd  formed  into  ^^^^^^^^^^^^^^sTthe  development  of  their  volume 

Of  the  cloth,  pans,  &c.,  ^"''^'i^^^^^^fX^he  lumps  of  dough  now  gradually  enlarge, 
by  fermentation.    The  dnnensions  of  aU  the  l^mp^^  J    g  ^  ^^g,,^  ^Hch  gas 

from  tlie  disengagemen  of  '•■^'^"""'^f^Vere  these  phenomena  to  continue  too  long, 
is  imprisoned  by  the  glutmous  P^^^f-  ,  J.^'^^y^'e^  „X  therefore,  be  stopped  at  the 
the  dough  would  become  too  ve^K^ulai    they  m^^^ 

proper  point  of  spongmess,  by  pkcmg  the  lo^^  t„  the  fer- 

iauses  a  sudden  expansion        \7„^i\7^^^  portion  of  the  water, 

mentation,  and  to  their  growth    as  »f^^^^P°\'^grgJe,  essential  to  true  bread  making; 
-rhefernientationof  asmalldoseofsugari^^^^  ,        inappreciable.   It  seems 
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the  decomposition  of  the  sugar,  produced  by  the  reaction  of  the  gluten  on  hydrated 
or  moist  flour,  considering  that  the  quantity  of  sugar  necessary  to  produce  fer- 
mentation does  not  amount,  probably,  to  more  than  one-hundredth  part  of  the  weight 
.  of  the  flour  employed,  and  perhaps  to  even  considerably  less  than  that, — the  saving 
and  economy  which  is  said  to  accrue  to  the  consumer  from  the  use  of  unfermented 
bread  (which  is  bread  in  which  the  action  of  yeast  is  replaced  by  an  artificial  evo- 
lution of  carbonic  acid,  by  decomposing  bicarbonate  of  soda  with  muriatic  acid,  as  we 
said  before)  is  therefore  much  below  what  it  has  been  estimated  (25  per  cent. !)  by  some 
writers  ;  and  is  certainly  very  far  from  compensating  for  the  various  and  serious 
drawbacks  which  are  peculiar  to  that  kind  of  bread,  one  of  which— and  it  is  not  the 
least— is  its  indigestibility,  notwithstanding  all  that  may  have  been  said  to  the  contrary. 

'  In  a  pamphlet  entitled,  '  Instructions  for  making  Unfermented  Bread,  by  a  Phy- 
sician,' published  in  1846,  the  formula  recommended  for  bread  made  of  wheat  meal 
IS  as  follows  :  — 

Wheat  meal  -      -      -      -  3  lbs.  avoirdupois. 

Bicarbonate  of  soda        -       -  ^  drachms  troy. 

Hydrochloric  acid  -       -       -  5  fluid  drachms  and  25  minims,  or  drops. 

Water   30  fluid  ounces. 

"       ■       -       -       -  §  of  an  ounce  troy. 

JnJ^Zf  ™f  ^     this  manner,"  says  the  author,  "contains  nothing  but  flour,  com- 
mon salt  and  water.    It  has  an  agreeable,  natural  taste,  keeps  much  longer  than 
common  bread,  is  much  more  digestible,  and  much  less  disposed  to  turn  acid,"  &c 
mnt^^^'-^'/"    %  °°  .Chemistry,"  very  judiciously  remarks,  "  that  the'  inti- 

mate mixture  of  the  saliva  with  the  bread,  whilst  masticating  it,  is  a  condition  which 

flouTinSi  V^V^^f  ■'  ^I>erefore%he  porous  state  "f  he 

Hour  m  fermented  bread  accelerates  its  digestion." 

h.fT-         ^  fact,  which  can  be  readUy  ascertained  by  anyone,  that  unfermented 
bread  is  permeated  by  fluids  with  difiiculty.    It  will  not  absorb  water  hence  its 
heavy  and  clammy  fee  ;  nor  saliva,  hence  its  indigestibleness  ;  nor  Tlk,  nor  butte  • 
Unfermented  bread  will  neither  make  soup,  nor  toast,  nor  poultice.    When  a  slice  of 

the  lattJr  h ""''^  "I'T  ■ "  ^  P°^''°°      the  moistu;e  of  te  bread  as 

the  latter  becomes  scorched,  is  converted  into  steam,  which  penetrates  the  intedo;  of 
the  mass,  and  imparts  to  it  the  sponginess  so  well  known  in^a  toas  properiy  made 
but  If  a  piece  of  unfermented  bread  be  treated  in  the  same  manner   he  steam  nro' 

and  the  if  ?t  ^''1^  ^""^^     P^^^^'-'^te  the  unabsorbent  masreSporaT; 

and  the  result  is  an  unmvitmg  slice,  toasted,  but  hard  inside  and  out  and  into  wh  ch 

Sn7or"'"  *°        ^'^"^  ^^'^-^^  --Id  ^  wooden^lTb^fletme 

thp'moT!r''''°°'"i'''^'  H'^y'^'  "'^  ^est  and  simplest,  but  likewise 

in  \T 'd  t  7""^^'''        "'^^''^  ^'^^^  P-P°-d  to        w^hSnatl  of  sodi 

emnlov tich  ^ "^■'i  -""^  ^''t'''''^  "-^'^'^  ^""'"^"^  ^^^'^i^-     Chemists  never 

employ  such  an  acid  m  operations  which  are  certainly  less  important  thnn  ii,^ 
just  mentioned,  without  having  first  purified  it  "  important  than  the  one 

deprecating  ^heir  uTe  Wuror^'it^'isT  ^ 

house  IS  not  a  chemical  laboratory  side;— after  aU,  a  bake- 

attention.    Without  discussing  the  ;alue  of  L  iln    ^^  t,""^'  ^"-''^ 

Dauglish  to  invent  the  proces^  in  nZt^L         .  said  to  have  led  Dr. 

'^^r^^l:':^^'^^^^^^^^^   h?:own vir^ifnt r£efir.i!^ 

acid,^Svtir!:n:^^^^^^^^^^  carbonic 
.ater  which  is  to  be  use^d  in  Lmin^  thrCVv74'^i  l^TsO^.^ 
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capable  of  bearing  a  liigb  pressure,  and  forcing  cai-bonic  acid  into  it  to  the  extent 
of  say  ten  or  twelve  atmospheres"  (about  J  50  to  180  l^s.  per  square  inch);  "this  the 
•water  absorbs  without  any  appreciable  increase  in  its  bulk.    The  water  so  prepared 
■will  of  com-se  retain  the  carbonic  acid  in  solution  so  long  as  it  is  retained  in  a  close 
vessel  under  the  same  pressure.     I  therefore  place  the  flour  and  salt,  of  which 
the  dough  is  to  bo  formed,  also  in  a  close  vessel  capable  of  bearing  a  higli  pressure. 
Within  this  vessel,  -which  is  of  a  spheroidal  form,  a  simply-constructed  kneeding 
apparatus  is  fitted,  worked  from  without  through  a  closely-packed  stuffing  box.  Into 
this  vessel  I  force  an  equal  pressure  to  that  which  is  maintained  on  the  aerated  water- 
vessel  ;  and  then,  by  means  of  a  pipe  connecting  the  two  vessels,  I  draw  the  water 
into  the  flour,  and  set  the  kneading  apparatus  to  work  at  the  same  time.    By  this 
arrangement  the  water  acts  simply  as  limpid  water  among  the  flour,  the  flour 
and  water  are  mixed  and  kneaded  together  into  paste,  and  to  such  an  extent  as  shall 
give  it  the  necessary  tenacity.    After  this  is  accomplished  the  pressure  is  released,  the 
gas  escapes  from  the  water,  and  in  doing  so  raises  the  dough  in  the  niost  beautiful  and 
expeditious  manner.    It  will  be  quite  unnecessary  for  me  to  point  out  how  perfect 
must  be  the  mechanical  structure  that  results  from  this  method  of  raising  dough.  In 
the  first  place,  the  mixing  and  kneading  of  the  flour  and  water  together,  before  any 
vesicular  property  is  imparted  to  the  mass,  render  the  most  complete  incorporation 
of  the  flour  and  water  a  matter  of  very  easy  accomplishment ;  and  ihis  being  secured, 
it  is  evident  that  the  gas  which  forms  the  vesicle,  or  sponge,  when  it  is  released,  must 
be  dispersed  through  the  mass  in  a  manner  which  no  other  method  — fermentation  not 
excepted — could  accomplish.    But  besides  the  advantages  of  kneading  the  dough 
before  the  vesicle  is  formed,  in  the  manner  above  mentioned,  there  is  another,  and 
perhaps  a  more  important  one,  from  what  it  is  likely  to  effect  by  giving  scope  to  the 
introduction  of  new  materials  into  bread  making,— and  that  is,  I  find  that  powerful 
machine-kneading,  continued  for  several  minutes,  has  the  effect  of  imparting  to  the 
dough  tenacity  or  toughness.    In  Messrs.  Carr  and  Co.'s  machine,  at  Carlisle,  we 
have  kneaded  some  wheaten  dough  for  half  an  hour,  and  the  result  has  been  that  the 
douo-h  has  been  so  tough,  that  it  resembled  birdlime,  and  it  was  with  difficulty  pulled 
to  pieces  with  the  hand.    Other  materials,  such  as  rye,  barley,  &c.  are  affected  m  the 
same  manner.     So  that  by  thus  kneading,  I  am  able  to  impart  to  dough  made  from 
materials  which  otherwise  would  not  make  light  bread,  from  their  wanting  that 
quality  in  their  gluten  which  is  capable  of  holding  or  retaining,  the  same  degree  of 
lishtness  which  no  other  method  is  capable  of  effecting.    And  I  am  sangmne  oi  being 
able  to  make  from  rye,  barley,  oatmeal,  and  other  wholesome  and  nutritious  sub- 
stances bread  as  light  and  sweet  as  the  finest  wheaten  bread.    One  reason  why  my 
process  makes  a  bread  so  different  from  all  other  processes  where  fermentation  is  not 
followed  is,  that  I  am  enabled  to  knead  the  bread  to  any  extent  without  spoiling  its 
vesicular  property;  whilst  all  other  unfermented  breads  are  merely  »m.rerf  not 
kneaded.    The  property  thus  imparted  to  my  bread  by  kneading,  renders  it  less 
dependent  on  being  placed  immediately  in  the  oven.  It  certainly  cannot  gam  by  bemg 
allowed  to  stand  after  the  dough  is  formed,  but  it  bears  well  the  necessary  standing 
and  waiting  required  for  preparing  the  loaves  for  baking.  ,  ,  • 

"  There  is  one  point  which  requires  care  in  my  process,  and  that  is,-the  hahinci :  as 
the  dough  is  excessively  cold ;  first,  because  cold  water  is  used  in  the  process ;  and  next 
because^f  its  sudden  expansion  on  rising.  It  is  thus  placed  m  the  oven  some  40° 
Fahr  in  temperature  lower  than  the  ordinary  fermented  bread.  This  together  with 
its  sfow  springing  until  it  reaches  the  boiling  point,  renders  it  essential  that  the  to^ 
crust Thall  not  bl  formed  until  the  very  last  moment.  Thus,  I  have  been  obliged  to 
have  ovens  constructed  which  are  heated  through  the  bottom,  and  are  furnished  wi  h 
the  melns  of  regulating  the  heat  of  the  top,  so  that  the  bread  is  coohed  through  the 
the  means  01  regu       e  ^      ■      .  tl^g  top  crust  formed. 

'°  "  with  rek^^^^^^^  --'s  the  loss  by  fermentation,  I  may  state 

what  must  be  evident,  that  the  weight  of  the  dough  is  always  exactly  the  sum  of 

n  S  ==  tU  s»t  olVour 
loss— some  stating  it  to  '^''.f  ^^'f?^/'  '  |„P    Thos^  who  have  stated  the  loss  to  be  as 

gain  of  extra  water,  and  have  based  their  calculations  of  loss  on  the 
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material  caused  by  the  generation  of  tlie  necessary  quantity  of  carbonic  acid  to  render 
the  bread  light.  Starting  then  with  the  assumption  that  light  bread  contains  in  bulk 
half  solid  matter  and  half  aeriform,  they  have  calculated  that  this  quantity  of  aeriform 
matter  is  obtained  by  a  destruction  of  but  one  per  cent,  of  solid  material.  In  this 
calculation  the  loss  of  carbonic  acid,  by  its  escape  through  the  mass  of  dough  during 
the  process  of  fermentation  and  manufacture,  does  not  appear  to  have  been  taken  into 
account.  All  who  have  been  in  any  -way  practically  connected  vrith  bakeries  well 
know  how  large  this  loss  is,  and  how  important  it  is  that  it  should  be  taken  into 
account,  that  our  calculations  may  be  cori'ect. 

"  One  of  the  strongest  proofs  that  the  escape  of  gas  through  ordinary  soft  bread 
dough  is  very  large  arises  from  the  fact,  that  when  biscuit  dough,  in  which  there  is  a 
mi-tture  of  fatty  matter,  is  prepared  by  my  process,  about  half  the  quantity  of  gas 
only  is  needed  to  obtain  an  equal  amount  of  lightness  with  dough  that  is  made  of  flour 
and  water  only,  the  fatty  matter  acting  to  prevent  the  escape  of  gas  from  the  dough. 
Other  matters  will  operate  in  a  similar  manner— boiled  flour,  for  instance,  added  in 
small  quantities.    But  the  assumption  that  light  bread  is  only  half  aeriform  matter  is 
altogether  erroneous.    Never  before  has  there  been  so  complete  a  method  of  testing 
what  proportion  the  aeriform  bears  to  the  solid  in  light  bread  as  that  which  my  pro- 
cess affords.    The  mixing  vessel  at  Messrs.  Carr  and  Co.'s  works,  Carlisle,  has  an 
internal  capacity  of  10  bushels.    When  3^  bushels  of  flour  are  put  into  this  vessel 
and  formed  into  spongy  bread  dough,  by  my  process,  it  is  quite  full.   And  when  flour 
is  mixed  with  water  into  paste,  the  paste  measures  rather  less  than  half  the  bulk  of 
the  original  dry  flour.    This  will  therefore  represent  about  If  bushels  of  solid  matter 
expanded  into  10  bushels  of  spongy  dough,  showing  in  the  dough  neariy  5  parts  aeri- 
jorni  to  1  solid;  and  in  all  instances,  if  the  baking  of  this  dough  has  not  been  accom- 
plished so  as  to  secure  the  loaves  to  'spring'  to  at  least  double  their  size  in  the  oven 
they  have  always  come  out  heavy  bread  when  compared  with  the  ordinary  fei-mented 
loaves.    This  gives  the  relative  proportion  of  aeriform  to  solid  in  light  bread  at  least 
as  10  to  1,  and  at  once  raises  the  loss  by  fermentation  from  1  to  10  per  cent  without 
the  loss  of  gas  by  its  passage  through  the  mass  of  dough.' 
Of  the  quality  and  properties  of  the  bread  manufactured  by  my  process  there  will 
shortly  be  ample  means  of  judging.    I  may  be  allowed,  however,  here  to  ;tate,  what 
will  be  evident  to  all,  that  the  absence  of  everything  but  flour,  water,  and  salt  must 
render  it  absolutely  pure; -that  its  sweetness  cannot  be  equalled  except  by  breTto 
which  sweet  materials  are  superadded ; -that,  unlike  all  other  unfermented  bread  it 
makes  excellent  toast;  and,  on  account  of  its  high  absorbent  power,  it  makes  the 
most  delicious  sop  puddings,  &c.,  and  also  excellent  poultice.    Sop  pudding^nd  poul- 

bren?'  'rf'"'"       ^T"^'  ^T'^^^'"'  "^^'^  Somewhat  from  those  made  from^ermented 
"'^^^^.^''"lewhat  richer  or  more  glutinous.    This  arises  from  the  fact  of  the 
gluten  not  having  been  changed,  or  rendered  soluble,  m  the  manner  caused  by  fei-- 

facf  thTt,'     S*""*  ^         '1"''^^'^  tJ^^^  ^  is  evident  from  the 

fact  that  the  richer  and  purer  fermented  bread  is,  the  more  glutinous  are  the  sod  &c 

'^:SZ^£^^'^''  ^"^^         ---^    -  thTftVt^e  fo^;: 

gre^ttgenuity.  P''"'  ''^^  *°  it  possesses 

From  the  fact  that,  in  all  his  experiments  at  Carlisle,  Dr.  Dauglish  invariablv  mnH,. 
18  loaves  from  the  same  weight  of  flour  which,  by  fermentation  made  only  1^^^ 

It  IS  of  course  certain  that  the  production  of  the  porosity  reouired  in  brp^/i 

is  carried  on  to  a  certain  extent  within  fi?!  ?     .     •'  ^^'^  '''<=etous  fermentation 

fermentations,  so  thTeven  the  !«  "-^''^^^^  ""'^'^  the  alcoholic 

quartern  loaf  are  no  aUogethe.  caSic  add  re^n?  '"''^  i"  =^ 

are  carbonic  acid  fVom  th^  ^Z:^^^^  r^^^^l^':^ 


408  BREAD. 


dougli  is  permeated.  On  the  other  hand,  the  aeriform  matter  thus  imprisoned  in  the 
dough,  expands  to  at  least  twice  its  volume  when  exposed  to  the  temperature  of  the 
oven,  and  accordingly  the  bread  after  breaking  becomes  as  bulky  again  as  the  dough 
from  -whicli  it  was  made,  and  this  doubling  of  the  volume  being  due  to  the  expansion 
of  the  gases,  and  not  to  the  fermentation,  bears  no  proportion  -whatever  to  the  amount 
of  the  sugar  of  the  flour  employed  in  the  production  of  the  alcohol  and  carbonic  acid 
evolved.  Moreover,  as  a  quartern  loaf,  for  example,  measures  about  9  inches  by 
C"5  inches  by  5  inches,  making  a  total  of  about  292  cubic  inches,  if  we  take  nine-tenths 
of  that  to  be  aeriform  matter,  we  have  262"8  inches  as  the  aeriform  cubic  contents 
of  the  quartern  loaf. 

It  is  ascertained  beyond  doubt  by  numerous  experiments,  that  genuine,  properly 
manufactured  new  bread  contains,  on  an  average,  42'5  per  cent,  of  water,  and  57  5  of 
flour,  and  consequently  a  quartern  loaf  weighing  really  four  pounds,  would  consist  of 
11,900  grains  of  water  and  16,000  grains  of  solid  matter,  422-5  grains  of  which  are 
salt  and  inorganic  matter,  the  rest,  15677-5  grains,  being  starch  and  gluten.  Now  a 
quartern  loaf  measuring  about  9x6-5x5  inches  gives  a  total  of  292  cubic  inches. 
Assuming  with  Dr.  Dauglish,  nine-tenths  of  that  to  be  aeriform  matter,  we  have  262  -8 
inches  as  the  aeriform  cubic  contents  of  a  quartern  loaf,  but  as  the  gases  expanded  in  the 
dough  to  double  their  volume  during  its  being  baked  into  a  loaf,  we  must  divide  by 
2  the  262-8  inches  above  alluded  to,  which  gives  131  4  as  the  number  of  cubic  inches 
of  aeriform  matter  contained  in  the  dough  before  it  went  into  the  oven.  Again, 
assuming  with  Dr.  Dauglish  that  these  131-4  cubic  inches  consist  altogether  of 
carbonic  acid  resulting  from  the  fermentation  of  the  flour,  they  would  represent  in 
weight  only  62  grains  of  that  gas,  and  as  1  equivalent  =  198  of  sugar  produces 
4  equivalents  =  88  of  carbonic  acid,  it  follows  that,  at  most,  about  140  grains  of  sugar 
or  solid  matter  out  of  the  15677  -5  of  flour  in  the  quartern  loaf  would  have  disappeared, 
which  loss  is  less  than  1  per  cent.,  from  which,  however,  it  is  necessary  to  make  a 
considerable  reduction,  since  a  large  quantity  of  air  is  mixed  with  that  carbonic  acid, 
and  expanded  with  it  in  the  oven.  Unless,  therefore,  it  can  be  satisfactorily  proved 
that  the  unfermented  bread  manufactured  by  Dr.  Dauglish's  process  is  more  nutritious, 
weight  for  weight,  or  more  digestible,  or  possesses  qualities  which  fermented  bread 
has  not  or  is  sold  at  a  reduced  price  proportionate  to  the  quantity  of  water  thus 
locked  up  and  passed  off  for  bread,  the  benefits  and  advantages  will  be  all  on  the 
manufacturer's  side,  but  the  purchasers  of  the  unfermented  bread  will  make  but  a 

poor  bargain  of  it.  «  ,      •■   ■.  i  i,  • 

Of  all  the  operations  connected  with  the  manufacture  of  bread,  the  most  laborious, 
and  that  which  calls  most  loudly  for  reform,  is  that  of  kneading.  The  process  is  usu- 
ally carried  on  in  some  dark  corner  of  a  ceUar,  where  the  temperature  is  seldom  less 
than  60°  F.,  and  frequently  more  ;  by  a  man,  stripped  naked  down  to  the  waist,  and 
nainfullv  engaged  in  extricating  his  fingers  from  a  gluey  mass  into  which  he  furious  y 
plunges  alternately  his  clenched  fists,  heavily  breathing  as  be,  struggling^  repeatedly 
lifts  up  the  bulky  and  tenacious  mass  in  his  powerful  arms,  and  with  eflort  tlings  it 
down  again  with  a  groan  fetched  from  the  innermost  recesses  of  his  chest,  and  which 
almost  sounds  like  an  imprecation.  .   ,       i,  i 

We  know  on  very  good  and  unexceptionable  authority,  that  a  certain  large  bakery 
on  the  borders  of  a  canal  actuaUy  pumped  the  water  necessary  for  making  the  dough 
directly  and  at  once  from  the  canal,  and  this  from  a  point  exactly  contiguous  to  the 
d  scharKings  of  the  cesspool  of  that  bakery?  And  let  us  not  imagine  that  this  is  a 
so  itarySnce  of  horrible  filth.  The  following  memoranda  recorded  by  Dr.  Wm  A. 
Guv  in  his  admirable  lecture  on  "  The  Evils  of  Night-work  and  Long  Hours  of  La- 
four'"  delivered  on  Thursday,  July  6, 1848,  at  the  Mechanics'  Institution,  Southampton 
BuUdings,  will  serve  to  iUustrate  the  condition  of  the  bakehouses:— 

1  Underground,  two  ovens,  no  daylight,  no  ventilation,  very  hot  and  snlphurous. 

2  Underfronnd  no  daylight,  two  ovens,  very  hot  and  sulphurous,  low  ceding,  no 

ventilation  but  what  comes  from  the  doors.    Very  large  busmess. 
3.  Unde^groS,  no  daylight,  often  flooded,  very  bad  smells,  overrun  with  rats,  no 
ventilation. 

After  mentioning  seretal  other  establishments  in  the  same,  or  eyen  in  «  worse,  con- 
'"Sfht^alSnroVrnTS^^^^^^^^ 


BREAD. 


409 


in  such  a  villanous  manner,  and  with  a  slovenliness  greater  than  it  is  possible  for  our 
imagination  to  conceive  ?  What  can  prove  better  the  necessity  of  Government 
supervision  than  such  a  fact  ?  The  heart  sickens  at  the  revolting  thought,  but  after 
all  there  is  really  but  little  difference  between  the  particular  case  of  the  bakery  on  the 
border  of  a  canal  above  alluded  to,  and  the  mode  of  kneading  generally  pursued,  and 
to  which  we  daily  submit. 

In  the  sitting  of  the  Institute  of  France,  on  the  23rd  of  January,  1850,  the  late 
M.  Arago  presented  and  recommended  to  the  Academic  the  kneading  and  baking  appa- 
ratus of  M.  Rollaud,  then  a  humble  baker  of  the  12th  Arrondissement,  which,  it  would 
appear,  fulfils  all  the  conditions  of  perfect  kneading  and  baking. 

"  The  kneading  machine  (petrin  mScanique) of  M.  Rolland,"  says  Arago,  "is  extremely 
simple,  and  can  be  easily  worked,  when  under  a  full  charge,  by  a  young  man  from  15  to 
20  years  old :  the  necessity  for  horse  labour  or  steam  power  may  thus  be  obviated.  The 
machine  {figs.  239  to  242)  consists  of  a  horizontal  axis  traversing  a  trough  containing  all 
the  dough  requisite  for  one  baking  batch,  and  upon  which  axis  a  system  of  curvilinear 
blades,  alternately  long  and  short,  are  placed  in  such  a  manner  that,  while  revolving, 
they  describe  two  quarters  of  cylindrical  surfaces  with  contrary  curves,  so  that  the 
convexity  of  one  of  these  surfaces,  and  the  concavity  of  the  other,  is  turned  towards 
the  bottom  of  the  trough.  The  axis  has  a  fly  wheel,  and  is  set  in  motion  by  two 
small  cog-wheels  connected  with  the  handle,  as  represented  in  the  following  figures : — 
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homogeneous  and  aerated  dough,  without  either  lumps  or  clods,  and  altogether  supe- 
rior to  any  dough  than  could  be  obtained  by  manual  kneading.  The  time  required 
in  kneading  varies  according  to  the  greater  or  less  density  of  dough  required  ;  and 
the  quantity  of  dough  manufactured  in  that  space  of  time  varies,  of  course,  also' with 
the  dimensions  of  the  kneading-trough ;  for  instance,  in  tlie  trough  provided  with 
16  blades,  one  sack  and  a  half  of  flour  can  be  kneaded  at  once ;  in  tliat  of  14  blades 
one  sack,  and  in  that  of  12  blades  two-thirds  of  a  sack. 

M.  Holland  gives  the  following  instructions  for  the  use  of  the  machine,  in  order  to 
impart  to  the  dough  the  qualities  produced  by  the  operations  known  in  France  under 
the  names  of  frasage,  contrcfrasagc,  and  soiijjlage,  which  we  shall  presently  describe, 
and  to  which  the  bread  manufactured  in  that  country  mainly  owes,  in  the  words  of 
Dr.  Ure,  "a  flavour,  colour,  and  texture,  never  yet  equalled  in  London." 

The  necessary  quantity  of  leaven  or  yeast  is  first  diluted  with  the  proper  quantity 
of  water,  as  described  before  ;  and  in  order  to  effect  the  mixture,  the  crank  should  be 
made  to  perform  50  revolutions  alternately  from  right  to  Xati— Frasage  is  the  first 
mixture  of  the  flour  with  the  water.  The  flour  is  simply  poured  into  the  kneading- 
trough,  or,  better  still,  when  convenience  permits  it,  it  is  let  down  fi-ora  a  room  above 
through  a  linen  hose,  which  may  be  shut  by  folding  it  up  at  the  extremity. 

Three-fourths  only  of  the  flour  should  at  first  be  put  into  the  trough  ;  the  first  re- 
volutions of  the  kneader  should  be  rather  rapid,  but  during  the  remainder  of  the 
operation  the  turning  should  be  at  the  rate  of  about  two  or  three  revolutions  a  minute, 
according  to  the  density  of  the  dough  to  be  prepared.  The  dough  thereby  having 
time  to  be  well  drawn  out  between  the  blades,  and  to  drop  to  the  bottom  of  the  trough. 
From  24  to  36  revolutions  of  the  crank  will  generally  be  sufficient ;  but  in  order  to 
obtain  the  dough  in  the  condition  which  the  frasage  would  give  it  in  the  usual  way,  it 
will  be  necessary  to  make  about  250  revolutions  of  the  crank  alternately  from  right 
to  left,  about  the  same  number  of  turns. 

Contrefrasage  is  the  completion  of  the  process  of  mixing ;  and,  in  order  to  perform 
that  operation,  the  last  fourth  part  of  the  flour  must  now  be  added,  the  crank  turned 
150  revolutions,  to  wit,  75  turns  rather  slowly,  alternately  from  right  to  left,  and  the 
remainder  at  the  rate  of  speed  above  mentioned. 

The  operation  of  Soufflage  consists  in  introducing  and  retaining  air  in  the  paste. 
To  effect  this,  the  kneader  should  be  made  to  perform,  during  nearly  the  whole  time 
occupied  in  the  operation,  an  almost  continual  motion  backwards  and  forwards,  by 
which  means  the  dough  is  shifted  from  place  to  place  ;  five  revolutions  being  made  to 
the  right,  and  five  to  the  left,  alternately,  taking  care  to  accelerate  the  speed  a  little 
at  the  moment  of  reversing  the  direction  of  the  revolving  blades. 

All  these  operations  are  accomplished  in  twenty  or  twenty-five  minutes. 

Of  course,  the  reader  should  not  imagine  that  these  numbers  must  be  strictly 
followed,  they  are  given  merely  as  a  guide  indicative  of  the  modus  operandi. 

The  kneading  being  completed,  the  dough  is  left  to  rest  for  some  time,  and  then 
divided  into  lumps,  of  a  proper  weight,  for  each  loaf.  The  workman  takes  one  of 
these  lumps  in  each  hand,  rolls  them  out,  dusts  them  over  with  a  little  flour,  and  puts 
each  of  them  separate  in  its  panneton ;  he  proceeds  with  the  rest  of  the  dough  in  the 
same  manner,  and  leaves  all  the  lumps  to  swell,  which,  if  the  flour  have  been  of  good 
quality,  will  take  place  at  a  uniform  rate.  They  are  then  fit  for  baking,  which  opera- 
tion will  be  described  presently. 

Another  kneading  trough,  said  to  be  very  efiectual,  is  that  for  which  Mr.  Edwin 
Clayton  obtained  a  patent  in  August,  1830.  It  consists  of  a  rotatory  kneading 
trough,  or  rather  barrel,  mounted  in  bearings  with  a  hollow  axle,  and  of  an  interior 
frame  of  cast  iron  made  to  revolve  by  a  solid  axle  which  passes  through  the  hollow 
one  ;  in  the  frame  there  are  cutters  diagonally  placed  for  kneading  the  dough.  The 
revolving  frame  and  its  barrel  are  made  to  turn  in  contrary  directions,  so  as  greatly 
to  save  time  and  equalise  the  operation.  This  double  action  represents  kneading 
by  the  two  hands,  in  which  the  dough  is  inverted  from  time  to  time,  torn  asunder, 
and  reunited  in  every  difTerent  form.  The  mechanism  will  be  readily  understood 
from  the  following  description. 

Fig.  243  exhibits  a  front  elevation  of  a,  rotatory  kneading  trough,  constructed 
according  to  improvements  specified  by  the  patentee,  the  barrel  being  shown  in  sec- 
tion •  a  is  the  barrel,  into  which  the  several  ingredients,  consisting  of  flour,  water,  and 


ing  frame  are  fastened  or  braced  together  by  means  of  the  oblique  cutters  or  bnices 
I,  which  act  upon  the  dough  when  the  machine  is  put  in  motion,  and  thus  cause  tlie 
operation  of  kneading.  ,  , 

Either  the  barrel  may  be  made  to  revolve  without  the  rotatory  frame,  or  tne  roia- 
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tory  frame  without  the  barrel,  or  both  may  be  made  to  revolve  together,  but  in  oppo- 
site ways.  These  several  motions  may  be  obtained  by  means  of  the  gear-work, 
shown  at  h,  I,  and  m,  as  will  be  presently  described. 


11=3 
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If  it  be  desired  to  have  the  revolving  motion  of  the  barrel  and  rotatory  frame 
together,  but  in  contrary  directions,  that  motion  may  be  obtained  by  fastening  the 
hollow  axle  of  the  wheel  ni,  by  means  of  a  screw  n,  to  the  axle  h  of  the  rotatory 
frame  /  tight,  so  as  they  will  revolve  together,  the  other  wheels  h  and  /  being  used  for 
the  purpose  of  reversing  the  motion  of  the  barrel.  It  will  then  be  found  that  by 
turning  the  handle  o,  the  two  motions  will  be  obtained. 

If  it  be  desired  to  put  the  rotatory  frame  /  only  into  motion,  that  action  will  be  ob- 
tained by  loosening  the  screw  n  upon  the  axle  of  the  wheel  m,  when  it  will  be  found 
that  the  axle  h  will  be  made  to  revolve  freely  by  means  of  the  winch  o,  without  giving 
motion  to  the  wheels  k,  I,  and  m,  and  thus  the  barrel  will  remain  stationary.  If  the 
rotatory  action  of  the  barrel  be  wanted,  it  will  be  obtained  by  turning  the  handle  p,  at 
the  reverse  end  of  the  machine,  which,  although  it  puts  the  gear  at  the  opposite  end 
of  the  barrel  into  motion,  yet  as  the  hollow  axle  of  the  wheel  ni  is  not  fastened  to 
the  axle  h  by  the  screw  n,  these  wheels  will  revolve  without  carrying  round  the 
frame  f. 

The  Hot-water  Oven  Biscuit-baking  Company  possesses  also  a  good  machine  with 
which  1  cwt.  of  biscuit  dough,  or  2  cwts.  of  bread  dough,  can  be  perfectly  kneaded  in 
10  minutes.  The  machine  is  an  American  invention,  and  of  extraordinary  simplicity, 
for  it  is  in  reality  nothing  more  than  a  large  corkscrew,  working  in  a  cylinder,  by 
means  of  which  the  dough  is  triturated,  squeezed,  pressed,  torn,  hacked,  and  finally 
agglomerated  as  it  is  pushed  along.  The  dough  as  it  issues  from  that  machine  can 
at  once  be  shaped  into  loaves  of  suitable  size  and  dimensions.  A  machine  capable 
of  doing  the  amount  of  work  alluded  to  does  not  come  to  more  than  from  6/.  to  71.  ■ 
the  other  forms  of  kneading  machines  are  lilsewise  inexpensive,  so  that,  in  addition  "to 
the  economy  of  tmie  which  they  realise,  there  does  not  seem  to  be  any  excuse  for  re- 
taining the  abomination  of  manual  kneading. 

Among  superior  and  very  desirable  apparatus  for  bread-making,  there  are  at  any 
rate  three  which  fulfil  the  desiderata  above  alluded  to,  in  the  most  complete  and 
economical  manner.  One  of  them  is  M.  Mouchot's  aerothermal  bakery  ;  the  second 
IS  A.  M.  Perkins'  hot-water  oven;  the  third  is  Holland's  hot-air  oven,  with  revolving' 
floors  :  all  three  are  exceUent.  ^ 
Before  proceeding  to  explain  them,  a  plan  and  longitudinal  section  of  an  ordinary 


London  baker's  oven  is  given  (figs.  244  and  245),  that  the  reader  may  be  the 
able  to  judge  of  the  vast  improvement  realised  by  the  other  ovens 
a,  the  body  of  the  oven;  />,  the  door;  c,  the  tire-grate  and  furnace  ;  d  the 
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flue;  e,  the  flue  above  the  door,  to  carry  off  the  steam  and  hot  air,  when  taking  out  the 
bread  ;/,  recess  below  the  door,  for  receiving  the  dust  fg,  damper  plate  to  shut  off  the 
steam  flue ;  h,  damper  plate  to  shut  off  smoke  flue,  after  the  oven  has  come  to  its  proper 
24g  tent;  i,  a.  small  iron  pan  over  the  fire-place  c, 

for  heating  water;  /(,  ash-pit  below  the  furnace. 

Fig.  246  is  the  front  view ;  the  same  letters 
refer  to  the  same  object  in  all  the  figures. 

The  flame  and  burnt  air  of  the  fire  at  c, 
sweep  along  the  bottom  of  the  oven  by  the  right 
hand  side,  are  reflected  from  the  back  to  the 
left  hand  side,  and  thence  escape  by  the  flue  d. 
Whenever  the  oven  has  acquired  the  proper 
degree  of  heat,  the  fire  is  withdrawn,  the  flues 
are  closed  by  the  damper  plates,  and  the  lumps 
of  fermented  dough  are  introduced. 
^^^^^^^^^^  We  shall  now  give  a  description  not  only  of 
the  oven,  but  of  the  improved  bakery,  boulangerie 
■perfectioniiie,  of  M.  Mouchot. 

Fig.  247  is  a  ground  plan  of  the  aerothermal  bakehouse :  the  granaries  being  in  the 
upper  storeys,  are  not  shown  here,  h  b  are  the  ovens  ;  c,  the  kneading  machine;  d, 
the  place  where  the  machinery  is  mounted  for  hoisting  up  the  bread  into  the  store 
room  above  ;  e,  a  space  common  to  the  two  ovens,  into  which  the  hot  air  passes  ;  /,  the 
place  of  a  wheel  driven  by  dogs,  for  giving  motion  to  the  kneading  machine. 
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Fig.  248  is  a  longitudinal  section  of  the  oven  ;  A,  the  grate  where  coke  or  even  pit- 
coals  may  be  burned  ;  b  b,  void  spaces  which,  becoming  heated,  serve  for  warming 
small  pieces  of  dough  in ;  c  c  are  flues  for  conducting  the  smoke,  &c.,  from  the  fire- 
place ;  D,  seen  in^^r.  249,  is  the  chimney  for  carrying  off  the  smoke  transmitted  by  the 
flues  ;'e'e,  void  spaces  immediately  over  the  flues,  and  beneath  the  sole  f  f,  of  the 
oven.  By  this  arrangement  the  air,  previously  heated,  which  arrives  from  the  void 
spaces  B  through  the  flues  c  c,  gets  the  benefit  of  the  heat  of  the  flame  which  circu- 
lates in  these  flues,  and,  after  getting  more  heated  in  the  spaces  e  e,  ascends  through 
channels  into  the  oven  F  F,  upon  the  sole  of  which  the  loaves  to  be  baked  are  laid. 
The  hot  air  is  admitted  into  it  through  the  passages  a  a,  being  drawn  from  the  reser- 
voirs B  B  B,  and  also  by  the  passage  d  d,  drawn  from  the  reservoirs  e  e.  The 
sole  is  likewise  heated  by  contact  with  the  hot  air  contained  in  the  space  e  e,  placed 
immediately  below  it.  The  hot  air,  loaded  with  moisture,  issues  by  the  passage  b  b, 
and  returns  directly  into  the  reservoir  b  n.  go,  an  enclosed  space  directly  over 
the  oven,  to  obstruct  the  dissipation  of  its  heat ;  g,  vault  of  the  fire-place.  Fig.  249,  a 
transverse  section  through  the  middle  of  the  oven.  Fig.  2.50,  the  kneading-maclnne,  a 
longitudinal  section  passing  through  its  axis  ;  r  p,  the  contour  of  the  machine,  niade 
of  wood,  and  divided  into  three  compartments  for  the  reception  of  the  dough,  ine 
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wooden  bars  o  o  are  so  placed  in  the  interior  of  the  compartments,  as  to  divide  the 
dough  whenever  the  cylinder  is  made  to  revolve.   One  portion,  d,  of  the  cylinder  may 
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be  opened  and  laid  over  upon  the  other  by  means  of  a  hinge  joint,  when  the  doueh  and 
flour  are  introduced,    a,  b,  c,  the  three  compartments  of  the  machinrtwo  for  maki^^ 

L  tlfrin  '"'^  r  1      P  ■'P"'"  ^P°'^g*''  or  leaven,  by  he  French  a  ! 

18  the  pulley  which  receives  its  mot  on  from  the  engine  and  tran-im W/it  fV  r  f 
through  the  pinion  b,  and  the  spur-wheel  e  ;  d  rf.  th?  fly-wLel  ^HSte  fCZnf'" 
^  a  brake  to  act  upon  the  fly  d,  by  means  of  a  lever  /;  T  the  Suar  of  thi  fl.  1. 
There  is  a  ratchet-wheel  counter  for  numbering  the  turns  of  thP^kloL"  ^l^'^t^^- 
it  cannot  be  shown  in  this  view  •  v  crTs  bars  f  f  tnoH  ii?r  J,  ^''^''^'"g  machine,  but 
the  cylinder  is  opened ;  they  div'iS;  the  do"gt'  ^^'''^  ^^'^^  ^l^en 
Each  of  the  three  compartments  of  the  kneader  {fig.  250)  is  furnished  at  pleasure 
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with  two  bars  fixed  crosswise,  but  which  maybe  easily  removed,  whenever  the  cylinder 
is  opened.    These  bars  constitute  the  sole  agents  for  dtawing  out  the  dough.    In  a 
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continuous  operation,  the  leaven  is  constantly  prepared  in  the  compartment  a  ;  with 
which  view  there  is  put  into  it  — 

125  kilogrammes  of  ordinary  leaven  or  yeast. 
67  -       -       -  flour. 

33  ),       -       -       -  water. 

In  all,  225  kilogrammes. 

The  person  in  charge  of  the  mechanical  kneader  shuts  down  its  lid,  and  sets  it 
a-going.  At  the  end  of  about  7  minutes  he  hears  the  bell  of  the  counter  sound, 
announcing  that  the  number  of  revolutions  has  been  sufficient  to  call  for  an  inspection 
of  the  sponge,  in  regard  to  its  consistence.  The  cylinder  is  therefore  opened,  and 
after  verifying  the  right  state  of  the  leaven,  and  adding  water  to  soften,  or  flour  to 
stiffen  it,  he  closes  the  lid,  and  sets  the  machine  once  more  in  motion.  In  10  minutes 
more  the  counter  sounds  again,  and  the  kneading  is  completed.  The  450  kilo- 
grammes of  leaven  obtained  from  the  two  compartments  are  adequate  to  prepare 
dough  enough  to  supply  alternately  each  of  the  two  ovens.  For  this  purpose  75 
kilogrammes  of  leaven  are  taken  from  each  of  the  two  compartments  a  and  a',  and 
placed  in  the  intermediate  compartment  B.  The  whole  leaven  is  then  75  +  75  =  1 50 
kilogrammes  ;  to  which  are  added  100  kilogrammes  of  flour  and  50  of  water  =  150, 
so  that  the  chest  contains  300  kilogrammes.  There  is  now  replaced  in  each  of  the 
cavities  a  and  a'  the  primitive  quantity,  by  adding  50  kilogrammes  of  flour  and  25 
of  water  =75.  .  . 

The  cylinder  is  again  set  a-going ;  and,  from  the  nature  of  the  apparatus,  it  is 
obvious  that  the  kneading  takes  place  at  once  on  the  leavens  a  and  a',  and  on  the 
paste  B  ;  which  last  is  examined  after  7  minutes,  and  completed  in  10  more  =  17,  at 
the  second  sound  of  the  counter-bell. 

The  kneader  is  opened,  the  paste  on  the  sides  and  on  the  bars  is  gathered  to  the 
bottom  by  means  of  a  scraper.  The  whole  paste  of  the  chest  b  being  removed,  150 
kilogrammes  of  the  leaven  are  taken,  to  which  150  kilogrammes  of  flour  and  water 
are  added  to  prepare  the  300  kilogrammes  of  paste  destined  for  the  supply  of  the 
oven  No.  2.  These  75  kilogrammes  of  leaven  from  each  compartment  are  replaced 
as  before,  and  so  on  in  succession.  . 

The  water  used  in  this  operation  is  raised  to  the  proper  temperature,  viz.  25"  or 
30°  C  (77°  or  86°  F.)  in  cold  weather,  and  to  about  68°  F.  in  the  hot  season,  by 
mixing  common  cold  water  with  the  due  proportion  of  water  maintained  at  the  tem- 
perature of  about  1 60°  F.,  in  the  basin  f,  placed  above  the^  ovens.  ^      ,  „ 

Through  the  water  poured  at  each  operation  upon  the  flour  in  the  compartment  b, 
there  is  previously  difi^used  from  200  to  250  grammes  of  fresh  leaven,  as  obtained  from 
the  brewery,  after  being  draiued  and  pressed  (German  yeast).  This  quantity  is  sut- 
ficient  to  raise  properly  300  kilogrammes  of  dough.  As  soon  as  this  dough  is  taken 
out  of  the  kneader,  as  stated  above,  and  while  the  machine  goes  on  to  work,  the 
quantity  requisite  for  each  loaf  is  weighed,  turned  about  on  the  table  d,  to  give  it 
U  iound  or  oblong  form,  and  there  is  impressed  upon  it  with  the  fore-arm,  or  roller, 
the  eavi?y  which  characterises  cleft  loaves.  All  the  lots  of  dough  o  the  s.ze  of  one 
ci log^Imml,  called  cleft  loaves  (j,ains feudus),  .re  placed  upon  a 
is  raised  betVeen  two  loaves,  the  cloth  being  first  spread  upon  a  board  ;  ^^^f^  ^^l 
charged  with  10  or  15  loaves  is  transferred  to  the  ^voodcn  shelves  g  G,  m  front  oI  the 
oven 

of  this  antechamber  or 


The  whole  of  them  rise  easily  under  the  influence  of  the  ge"<,|?  .^"raised 
fournil.    Whenever  the  dough  loaves  are  sufficiently  raisca 


hereTtherarrprintrt4"oven,  a  pro'cess  called  cvfnn.cwcnt  in  France  ;  which  con- 
sists in  setting  each  loaf  on  a  wooden  shovel  dusted  with  coarse  flour,  and  placing 
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thereby  on  the  sole  of  the  oven,  close  to  its  fello-w,  -without  touching  it.  This  opera- 
tion is  made  easy,  in  consequence  of  the  introduction  of  a  long-jointed  gas  pipe  and 
burner  into  the  interior  of  the  oven,  by  the  light  of  -which  all  parts  of  it  may  be 
minutely  examined.  The  oven  is  first  kept  moderately  hot,  by  shutting  the  dampers  ; 
but  -whenever  the  thermometer  attached  to  it  indicates  a  temperature  of  from  300°  to 
290°  C.  (572°  to  554°  F.),  the  dampers  or  registers  are  opened,  to  restore  the  heat  to 
its  original  degree,  by  allowing  of  the  circulation  of  the  hot  air,  which  rises  from  the 
lower  cavities  around  the  fire-place  into  the  interior  of  the  oven.  When  the  baking 
is  completed,  the  gas-light,  which  had  been  withdrawn,  is  again  introduced  into  the 
oven,  and  the  bread  is  taken  out  ;  called  the  process  of  defournement.  If  the  temper- 
ature have  been  maintained  at  about  300"  C,  the  300  kilogrammes  of  dough,  divided 
into  loaves  of  one  kilogramme  (2^  lbs.  avoirdupois),  wiU  be  baked  in  27  minutes.  The 
chargmg  having  lasted  10  minutes,  and  the  discharging  as  long,  the  baking  of  each 
batch  will  take  up  47  minutes.  But  on  account  of  accidental  interruptions,  an  hour 
may  be  assigned  for  each  charge  of  260  loaves  of  1  kilogramme  each  ;  being  at  the 
rate  of  6240  kilogrammes  (or  675  tons)  of  bread  in  24  hours. 

Although  the  outer  parts  of  the  loaves  be  exposed  to  the  radiation  of  the  waUs 
heated  to  280°  or  300°  C,  and  undergo  therefore  that  kind  of  caramelisatiou  (charrin  O 
winch  produces  the  colour,  the  taste,  and  the  other  special  characters  of  the  crust  yet 
the  inner  substance  of  the  loaves,  or  the  crumb,  never  attains  to  nearly  so  hieh  a  tem- 
perature; for  a  thermometer,  whose  bulb  is  inserted  into  the  heart  of  a  loaf/ does  not 
indicate  more  than  100°  C.  (212°  F.) 

Perkins'  hot-water  oven  is  an  adaptation  of  that  distinguished  engineer's  stove, 
which  as  IS  well  known,  is  a  mode  of  heating  by  meads  of  pipes  full  of  water,  and 
hermetically  closed ;  but  with  a  sufficient  space  for  the  expansion  of  the  water  in  the 
pipes  As  a  m^ns  of  warming  buildings  the  invention  has  already  produced  the 
very  beneficial  effects  which  have  gained  for  it  an  extensive  patronage.  There  is 
oV°fh7nnhl^  T),  f  r''"'  ^ro'^^^'r  .entitles  the  inventor  to  the  wtrmest  thanks 
of  the  public.  The  following  figure  (251),  represents  one  of  these  ovens,  a  stove  • 
B  coil  of  iron  pipe  placed  in  the  stove  ;  c  c,  flowpipe  ;  p,  expansive  tube  :  e  oven 
charged  with  loaves,  and  surrounded  with  the  hot-water  pipes  ;  f,  return  1  ot  wlter 
pipe  ;  G,  door  of  the  oven  ;  h,  flue  for  the  escape  of  the  vapours  in  the  oven  ; 
bar  of  iron  supporting  the  regulating  box  ;  j  j,  reguladng  box  containiig  three 
mall  levers  ;  k,  nut  adjusted  so  that  if  temperature  of  the  hot-water  pipe  is  nfrcased 
iTf  K  tT'''^  f-T''  ''t  elongation  causes  the  nut  to  bear  upon  the  levers  n  the 
box  J,  which  levers,  lifting  the  straight  rod  l,  shut  the  damper  m  of  the  stove  n I  an 
index  mdicating  the  temperature  of  the  hot- water  pipes  ,  N  is  an 
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thiIi?1n°rer'tot:aiSeta^^  '^^ZTZZfCr'  Yf-'^' 
are  lined  with  wrought-iron  pipes  of  one  nch  eLeSal  dhZt  ^"'"f'^ees 
inch  internal  diameter,  and  their  surfacc  amoun  s    n  Z  :  ^'"''^''^ 
surface  of  the  oven.    These  pipes  are  thenTonnectVr  tn  »         ."^^^te,  to  the  whole 
the  oven.    The  coil  having  II  a  relativ:Vroportr  S  LTaL^  t/rwSt 
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the  oven,  that  the  pipes  may  be  raised  to  a  temperature  of  550°  F.,  and  no  more. 
This  fixed  and  uniform  temperature  is  maintained  by  a  self- regulating  adjustment 
peculiar  to  this  furnace,  which  woriis  with  great  precision,  and  which  cannot  get  out 
of  order,  since  it  depends  upon  the  expansion  of  the  upper  ascending  pipe  close  to  the 
furnace  acting  upon  three  levers  connected  with  the  damper  which  regulates  the 
draught.  The  movable  nut  at  the  bottom  of  that  expanding  pipe  being  adjusted  to 
the  requisite  temperature,  that  precise  temperature  is  uniformly  retained.  The 
smallest  fluctuation  in  the  heat  of  the  water  which  circulates  in  the  pipes  instantly  sets 
the  levers  in  motion,  and  the  expansion  of  one-thirty -sixth  part  of  an  inch  is  sufficient 
to  close  the  damper. 

It  will  be  observed  that  if  the  pipes  be  heated  to  550°  F.  the  brickwork  will  soon 
attain  the  same  temperature,  or  nearly  so,  and  accordingly  the  oven  will  thus  possess 
double  the  amount  of  the  heating  surface  of  ordinary  ovens  applicable  to  baking. 
The  baking  temperature  of  the  oven  is  from  420°  to  450°  F.,  which  is  ascertained  by 
a  thermometer  with  which  the  oven  is  provided. 

With  respect  to  Holland's  oven.  Messieurs  Boussingault,  Payen,  and  Poncelet,  in 
their  report  to  the  Institute  of  France  ;  Gaultier  de  Glaubry,  in  a  report  made  in  the 
name  of  the  Committee  of  Chemical  Arts  to  the  Societe  d'Encouragement ;  and  the  late 
M.  Arago,  represented  that  oven  as  successfully  meeting  all  the  conditions  of  salubrity, 
cleanliness,  and  hygiene.  Wood,  coals,  ashes,  are  likewise  banished  from  it,  and 
neither  smoke  nor  the  heated  air  of  the  furnace  can  find  access  to  it.  As  in  Perkins', 
the  furnace  is  placed  at  a  distance  from  the  mouth  of  the  oven,  but  instead  of  con- 
veying the  heat  by  pipes,  as  in  the  hot-water  oven,  it  is  the  smoke  and  hot  air  of  the 
furnace  which,  circulating  through  fan- shaped  flues,  ramifying  under  the  floor  and 
spreading  over  the  roof  of  the  oven,  impart  to  it  the  requisite  temperature.  The  floor 
of  the  oven  on  which  the  loaves  are  deposited,  consists  of  glazed  tiles,  and  it  can 
thus  be  kept  perfectly  clean.  The  distinctive  character  of  M.  Holland's  oven,  how- 
ever, is  that  the  glazed  tUes  just  spoken  of  rest  upon  a  revolvmg  platform  which  the 
workman  gradually,  or  from  time  to  time,  moves  round  by  means  of  a  small  handle, 

and  without  efibrt.  .  r  tit  -d  n  a'^ 

Figures  252  to  261  represent  the  construction  and  appearance  of  M.  UoUands 

oven  on  a  reduced  scale. 


252. 
253. 

254. 
255. 

256. 


Front  elevation. 

Vertical  section  through  the 

axis  of  the  firegrate. 
Ditto,  ditto. 

Elevation  of  one  of  the  vertical 
flues. 

Suspension  of  the  floors. 


257.  Plan  of  the  first  floor. 

258.  Plan  of  the  sole. 

259.  Plan  of  the  second  floor. 

260.  Plan  of  the  firegrate  and  flues. 

261.  Plan  of  the  portion  under 

ground. 
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When  the  oven  has  to  be  charged,  the  7^:^-- J^P^'^^thS  S  ""th 
of  a  short  peel,  upon  that  part  of  the  revolving      J^^^^.^if  ^^^^^h^^^^  and 
ofthe  oven,  and  when  that  portion  is  filled,  ^.^  g»ve«  a  «rn  w^^^^^^  tl  e  n  ,^ 
proceeds  to  put  the  loaves  in  the  fresh  space  thus  PJf  f"'^JJ?"*°^%Sng  covered 
until  the  whole  is  fitted  up.    The  door  is  then  closed  through  an  openin| 
with  glass,  and  reserved  in  the  wall  of  the  oven,  ^^'f^J  '  f      ;  J  ^'1^ 
or  bylpcning  the  door  from  time  to  t.-jhe^p^rogre.  o^^^^^^^  S?urnS-man  can,  by 


i£  it  appears  too  rapid  on  one  point,  or  too 
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means  of  the  handle,  bring  the  loaves  successively  to  the  hottest  part  of  the  oven,  and 
vice  versa,  as  occasion  may  require.    The  oven  is  provided  -with  a  thermometer,  and 
in  an  experiment  witnessed,  the  temperature  indicated  210°  C.  =  410°  F.,  the  baking 
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The  top  of  the  oven  is  provided  with  a  pan  for  the  purpose  of  heating  the  water 
necessary  for  the  preparation  of  the  dough,  by  means  of  the  heat  which  in -all  other 
plans  (Mouchot's  excepted)  is  lost.    The  workman  should  take  care  to  keep  always 
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Ln^t  V  'tS"  '  otherwise  the  leaden  pipe  would  melt  and  occasion  dangerous 
phh!;  ntl'^  ""^""IT  Pl=^°'  lio^ever,  would  be  to  replace  this 

ectPd  fhl     T  ''''  "ul  '^'^  P^"  ^«  frequently  scoured,  for,  if  neg- 

mav  t  JonT-H     T  ^  ■  ^^'y/"-!  «P°il  tlie  colour  of  the  bread.    Bread  baking 

Sou^h  inm  consisting  of  four  operations-namely,  heating  the  oven,  puttinf 

the  dough  into  the  oven,  baking,  and  taking  the  loaves  out  of  the  oven.    The  general 
directions  given  by  Mr.  Eolland  for  each  of  these  operations  are  as  follows 
to  f^inr-l  ti,  f        "  P'"T''       ^""^  easily  managed,  it  is  necessary 

Whef thP  firl^'^r-'  T^'Tl^  and  often,  and  to  keep  it  in  a  unifori;i  state.  ^ 
the  currem  of  «  r  '      ^T'  '''"^'^  ^-"^  '^'^P*  P^'^^'^^^  ^^'^^^d,  in  order  to  compel 

t^^^.^T!?  necessary  to  the  combustion  to  pass  through  the  grate  and  thence 

^oo^^^re  feft  at^t^^^^  f'^'        ''''  "^"^  '        ^    ^  contfa^y  the  f™ 

aoor  were  left  ajar,  the  cold  air  from  without  would  rapidly  pass  over  the  coals  with- 

3  in  raTZ  ^^"'"^  the  C  woSd 

products  of  tLl^h   f-  ten^perature.    In  order  that  the  flame  and  heated 

to  keefthem  IT^  •  ^''.'"^^  P^''  all  the  flues,  it  is,  of  course,  necessary 

keep  them  clear  by  mtroducing  into  them  once  a  month  a  brush  made  ^f  wire,  or 

262 


:XTi'oZtz  ThtlsTor^hirs;^  thot   r^^r  ^ 

Messrs.  Moriarty  of  Greeim  ch  07^1  nf  T  .  f  ^^^^^^^  and  manufactured  by 
built  in  the  masonry  are  Sedfrom  wZ  It  or  f°°^  J^'  ^"'^^  ^^ich  are 

of  the  plan  adopted  in  buiwl^.  1he  ove^  T W  fln^^  the  pit,  according  to  the  nature 
than  about  once  in  three  months  "'"'^  '''^'^"ed  more  often 

E  ^ 
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indeed  apply  to  all  ovens,  may  enable  the  baker  to  judge  of  the  temperature  of  his 
oven.  If  on  throwing  a  few  pinches  of  flour  on  the  tiles  of  the  oven  it  remains  -white 
after  the  lapse  of  a  few  seconds,  the  temperature  is  too  low ;  if,  on  the  contrary,  the 
flour  assumes  a  deep  brown  colour,  the  temperature  is  too  high ;  if  the  flour  turns 
yellowish,  or  looks  slightly  scorched,  the  temperature  is  right. 

The  bakinfi  in  Rolland's  oven  takes  place  at  a  temperature  varying  from  410  to 
432  F.  according  to  the  nature  and  size  of  the  articles  intended  to  be  baked.  During 
the  baking,  the  revolving  floor  is  turned  every  ten  or  twelve  minutes,  so  that  the 
loaves  not  remaining  in  the  same  place  the  baking  becomes  equal  throughout. 

As  to  the  hot-water  oven,  two  establishments  only  have  as  yet  adopted  it  in  England ; 
one  of  them  is  the  "  Hot-water  Oven  Biscuit-baking  Company,"  on  whose  premises 
fancy  buiscuits  only  are  baked  ;  the  second  establishment  is  that  of  a  baker  of  the 
name  of  Neville,  carrying  on  his  business  in  London.  With  respect  to  M.  Mouchot's 
system,  it  is  not  even  known  in  this  country,  otherwise  than  by  having  been  alluded 
to  in  one  or  two  technological  publications  or  dictionaries. 

The  quantity  of  bread  which  can  be  made  from  a  sack  of  flour  depends  to  a  great 
extent  upon  the  quantity  of  gluten  that  the  flour  of  which  it  is  made  contains,  but  the 
wheat  which  contains  a  large  proportion  of  nitrogenous  matter  does  not  yield  so  white 
a  flour  as  those  which  are  poorer.  From  a  great  number  of  determinations  it  is  found 
that  the  amount  of  gluten  contained  in  the  flour  to  make  best  white  bread  ranges  from 
10  to  18  per  cent.,  that  of  the  starch  being  from  63  to  70  per  cent,  the  ashes  ranging 
from  O'o  to  1'9  per  cent. 

This  day  (17th  of  March,  1858)  the  sack  of  genuine  best  household  flour,  weighing 
280  lbs.,  delivered  at  the  baker's  shop,  costs  42s.,  and  the  number  of  sacks  of  flour 
convened  weekly  into  bread  by  the  London  bakers  is  nearly  30,000,  which  gives 
about  1 2  sacks  of  flour  per  week  as  the  average  trade  of  each  of  them.  The  average 
capital  of  a  baker  doing  that  amount  of  business  may  be  computed  at  300Z.,  which  at 
5  per  cent,  gives  15/.  interest;  his  rent  may  be  estimated  at  about  55/.,  and  the  rates, 
taxes,  gas,  and  other  expenses  at  about  25/.,  in  all  95/.,  or  very  nearly  1/.  16s.  syi.  per 
■week,  which  sum  divided  by  12  would  give  3s.  Qid.  per  sack. 

In  the  ordinary  plan  of  bread  making,  London  bakers  reckon  that  1  sack  of  such  a 
flour, -weighing  280  lbs.,  will  make  90  real  4-lb.  loaves  (not  quartern)  of  pure  genuine 
bread,  although  a  sack  of  such  flour  may  yield  him  94  or  even  95  quartern  (not  4-lb.) 
loaves.* 

From  this  accoimt  it  may  be  easily  imagined  that  if  the  baker  could  succeed  m  dis- 
posing at  once  of  all  the  loaves  of  his  day's  baking  either  by  sale  at  his  shop,  or,  still 
better,  by  delivery  at  his  customers'  residences,  such  a  business  would  indeed  be  a 
profitable  one  commercially  speaking,  for  on  that  day  he  would  sell  from  28  to  34lbs. 
of  water  at  the  price  of  bread,  not  to  speak  of  the  deficient  weight :  but,  on  the  one 
hand,  so  many  people  provokingly  require  to  have  their  loaves  weighed  at  the  shop, 
and  are  so  stingily  particular  about  having  their  short  weight  made  up;  and,  on  the 
other  hand,  the  loaves,  between  the  first,  second,  and  third  day,  do  so  obstinately 
persist  in  letting  their  water  evaporate,  that  the  loss  of  weight  thus  sustained  nearly 
balances  the  profit  obtained  upon  the  loaves  sold  on  the  first  day  at  the  shop,  or  to 
those  customers  who  have  their  bread  delivered  at  their  own  own  door,  to  those  who 
the  baker  knows,  from  position  or  avocations,  will  never  take  the  trouble  to  verify  the 
weio-ht  of  his.loaves,  and  who,  he  says,  are  gentlefolks,  and  no  mistake  about  it. 

As  to  those  bakers  who,  by  underbaking,  or  by  the  use  of  alum,  or  by  the  use  of  both 
alum  and  underbaking,  manage  to  obtain  96,  98,  100,  or  a  still  larger  number  of 
loaves  from  inferior  flour,  or  materials,  their  profit  is  so  reduced  by  the  much  lower 
nrlce  at  which  they  are  compelled  to  sell  their  sophisticated  bread,  that  their  tamper- 
ngs  avail  them  but  little;  theiJ  emphaticaUy  hard  labour  yields  them  but  a  mere 
Pittance  except  their  business  be  so  extensive  that  the  small  profits  swell  up  into  a 
large  sum,  in  which  case  they  only  jeopardise  their  name  as  fair  and  honest  trades- 

Looking  now  at  the  improved  ovens,  of  which  we  have  been  speaking  merely  in  an 
economical  point  of  view,  and  abstractedly  from  all  other  considerations,  the  profits 
rean^d  by  their  use  appears  to  be  well  worth  the  baker's  attention  But  as  with  the 
S^roved  ovens  the  economy  bears  upon  the  wages  and  the  fuel,  the  advantages  are  much 
tes  considerable  in  a  small  concern  than  in  a  large  one.  Thus  the  economy  which, 
upon  12  sacks  of  flour  per  week,  would  scarcely  exceed  20  shillings  upon  the  whole, 

.  It  is  absolutely  "eces^.^  to  «^>;sh  adisUnction  ^^^^J:^^]:^^^^:^ 
beraiise  the  latter  very  seldom  indeed  "aye  tiiatw 

'"■^S^'^l  f^rX"^"  lVolfclern^^i«^°e7rghTi!ac,ly  four  pound,,  but  the  Immense 
mnjorltv  are  from  four  to  six  ounces  sliort. 


at  weight,  and  this  deficiency  is,  in  fact,  one  of  the  profits 
iiament  ( Will.  IV.  cap.  xxxvii.)  is  very  f       '|";  ''''•f 
rt  or  carriage  shall  be  provided  with  scales,  weights,  ^.c. 
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would,  on  the  contrary,  assume  considerable  proportions  in  establishments  baking  from 
50  to  100  sacks  per  week.  We  give  here  the  following  comparative  statements  of 
converting  flour  into  bread  at  the  rate  of  70  sacks  per  week,  from  documents  which 
may  be  fully  relied  upon.  70  sacks  of  flour  manufactured  into  genuine  bread, 
in  the  ordinary  way,  would  yield  6300  real  4-lb.  loaves,  and  the  account  would 
stand  as  follows,  taking  90  loaves,  weighing  really  4  lbs.,  as  the  ultimate  yield  of 
1  sack  of  good  household  flour,  of  the  quality  and  price  above  alluded  to : — 

By  the  Ordinary  Process. 

BBTURNS. 

£     S.  d. 

6300  loaves  (4  lbs.)  at  7rf.  -       -       -       -       -       -       -       _       -183  15  0 

EXPENSES. 

£     S.  d. 

70  sacks  of  household  flour  at  37s.  -       .       .       .  129  10  0 

Coals,  gas,  potatoes,  yeast,  salt,  wages,  and  other  baking 

expenses,  at  5s.  per  sack     -       -       -       -       -  -17100 

Rent,  taxes,  interest  of  capital,  and  general  expenses  -       -    24  10  0 


171  10  0 


Net  profit  on  1  week's  baking  £12    5  0 

By  Perkins's  Process. 

RETURNS. 

6300  loaves  (4  lbs.)  at  7rf.  ifs  15  0 

EXPENSES. 

70  sacks  of  flour  at  37s. 

Yeast,  potatoes,  and  salt,  at  Is.  per  sack  -       -       .  . 
Coals  at  6d.  per  sack 
Wages  of  a  man  per  week  - 

it       1  workman 

„       1  hand 
Wear  and  tear,  and  repairs  - 

Rent,  interest  on  capital  (1500?.),  taxes,  gas,  waste,  and 
general  expenses,  per  week        -       -       .       ,  , 


£ 

s. 

d. 

129 

10 

0 

3 

10 

0 

1 

15 

0 

1 

7 

0 

1 

0 

0 

0 

16 

0 

0 

4 

0 

24 

10 

0 

162  12  0 


£21  13  0 


In  RoUand's  process  the  profits  are  verv  nearly  the  samn  n«  ?t,  tT,at  „^  r>   i  • 
except  the  amount  of  fuel  consumed  is  still  more  r^educed  rnd  does  not  amnn.T  >  •' 
stated,  to  more  than  4U  per  sack,  which  for  70  sacksTs  IZ  fif  td  iZt  TT, , ' 

The  question  of  the  relative  value  of  white  and  of  ^m™^  1,  a 
IS  one  of  very  long  standing,  and  the  arliments  on  hn^r^,  ""^^ti^e  agents, 

The  advocates  of  brown  bread  hold  '"^"^  "^^^      ^'^^^  resumed. 

^rlt^Xl^^^^^^^^^^  ^™  parts  of  wheat  grain,  in  making 

.^nl^s^^K  ^t:^:^^-^  ^«  best,  and  that 
injm^^'oftroTsure^  ^  ^""^  ''^^''^'^^  — 'nicated  to  bread  by  alum,  to  the 
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That  the  miller,  in  refining  his  flour,  to  please  the  public,  removes  some  of  the 
ingredients  necessary  to  the  composition  and  nourisfcment  of  the  various  organs  of 
our  bodies  ;  so  that  fine  flour,  instead  of  being  better  than  the  meal,  is,  on  the  con- 
trary, less  nourishing,  and,  to  make  the  case  worse,  is  also  more  difiicult  of  digestion, 
not  to  speak  of  the  enormous  loss  to  the  population  of  at  least  25  per  cent,  of  branny 
flour,  containing  from  60  to  70  per  cent,  of  the  most  nutritious  part  of  the  flour,  a 
loss  which,  for  London  only,  is  equal  to  at  least  7500  sacks  of  flour  annually ; 

That  the  unwise  preference  given  so  universally  to  white  bread,  leads  to  the  per- 
nicious practice  of  mixing  alum  with  the  flour,  and  this  again  to  all  sorts  of  im- 
positions and  adulterations ;  for  it  enables  the  bakers  who  are  so  disposed,  by  adding 
alum,  to  make  bread  manufactured  from  the  flour  of  inferior  grain  to  look  like  the 
best  and  more  costly,  thus  defrauding  the  purchaser  and  tampering  with  his  health. 

On  the  other  side,  the  partisans  of  white  bread  contend,  of  course,  that  all  these 
assertions  are  without  foundation,  and  their  reasons  were  summed  up  as  follows  in 
the  Bakers'  Gazette,  in  1849: — 

"  The  preference  of  the  public  for  white  bread  is  not  likely  to  be  an  absurd  preju- 
dice, seeing  that  it  was  not  until  after  years  of  experience  that  it  was  adopted  by 
them. 

"  The  adoption  of  white  bread,  in  preference  to  any  other  sort,  by  the  great  body 
of  the  community,  as  a  general  article  of  food,  is  of  itself  a  proof  of  its  being  the  best 
and  most  nutritious. 

"  The  finer  and  better  the  flour,  the  more  bread  can  be  made  from  it.  Fifty-six 
pounds  of  fine  flour  from  good  wheat  will  make  seventy-two  pounds  of  good,  sound, 
well-baked  bread,  the  bread  having  retained  sixteen  pounds  of  water.  But  bran, 
either  fine  or  coarse,  absorbs  little  or  no  water,  and  adds  no  more  to  the  bread  than 
its  weight." 

And  lastly,  in  confirmation  of  the  opinion  that  white  bread  contains  a  greater 
quantity  of  nutriment  than  the  same  weight  of  brown  bread,  the  writer  of  the  article 
winds  up  the  white  bread  defence  with  a  portion  of  the  Report  of  the  Committee  of 
the  House  of  Commons,  appointed  in  1800,  "  to  consider  means  for  rendering  more 
effectual  the  provisions  of  13  Geo.  III.,  intituled  'An  Act  for  the  better  regulating 
the  assize  and  making  of  Bread.'  " 

In  considering  the  propriety  of  recommending  the  adoption  of  further  regulations 
and  restrictions,  they  understood  a  prejudice  existed  in  some  parts  of  the  country 
against  any  coarser  sort  of  bread  than  that  which  is  at  present  known  by  the  name 
of  "  fine  household  bread,"  on  the  ground  that  the  former  was  less  wholesome  and 
nutritious  than  the  latter.  The  opinions  of  respectable  physicians  examined  on  this 
point  are, — that  the  change  of  any  sort  of  food  which  forms  so  great  a  part  of  the 
sustenance  of  man,  might  for  a  time  aflfect  some  constitutions  ;  that  as  soon  as  persons 
were  habituated  to  it,  the  standard  wheaten  bread,  or  even  bread  of  a  coarser  sort, 
would  be  equally  wholesome  with  the  fine  wheaten  bread  which  is  now  generally 
used  in  the  metropolis ;  but  that,  in  their  opinion,  the  fine  wheaten  bread  would  go 
farther  with  persons  who  have  no  other  food  than  the  same  quantity  of  bread  of  a 
coarser  sort. 

It  was  suggested  to  them  that  if  only  one  sort  of  flour  was  permitted  to  be  made, 
and  a  different  mode  of  dressing  it  adopted,  so  as  to  leave  in  it  the  fine  pollai-ds, 
52  lbs.  of  flour  might  be  extracted  from  a  bushel  of  wheat  weighing  60  lbs.,  instead 
of  47  lbs.,  which  would  afford  a  wholesome  and  nutritious  food,  and  add  to  the  quan- 
tity 5  lbs.  in  every  bushel,  or  somewhat  more  than  ^th.  On  this  they  remarked,  that 
there  would  be  no  saving  in  adopting  this  proposition ;  and  they  begged  leave  to 
observe  if  the  physicians  are  well  founded  in  their  opinions,  that  bread  of  coarser 
quality  will  not  go  equally  far  with  fine  wheaten  bread,  an  increased  consumption  of 
wheaten  bread  would  be  the  consequence  of  the  measure. 

From  the  baker's  point  of  view,  it  is  evident  that  all  his  sympathies  must  be  in 
favour  of  the  water-absorbing  material,  and  therefore  of  the  fine  flour ;  for  each 
pound  of  water  added  and  retained  in  the  bread  which  he  sells,  represents  this  day  so 
many  twopences ;  but  the  purchaser's  interest  lies  in  just  the  opposite  direction. 

The  question,  however,  is  not,  in  the  language  of  the  Committee  of  the  House  of 
Commons  of  those  days,  or  of  the  physicians  whom  they  consulted  whether  a  given 
weieht  of  wheaten  bread  will  go  farther  than  an  equal  weight  of  bread  of  a  coarser 
sort  ;  nor  whether  a  given  weight  of  pure  flour  is  more  nutritious  than  an  equal 
weieht  of  the  meal  from  the  same  wheat  used  in  making  brown  bread.  Ihe  real 
question  is,— Whether  a  given  weight  of  wheat  contains  more  nutriment  than  the  floub 
obtained  from  that  weight  of  toheat.  ,        ■,  r  ^^f-^hUa 

The  inquiry  of  the  Committee  of  the  House  of  Commons,  and  the  defence  of  win  e 
bread  versus  brown  bread,  resting  as  it  does,  in  this  respect  upon  a  f"'^/ 
therefore  perfectly  valueless  ;  for  whatever  may  have  been  the  opinion  of  respectable 
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physicians  and  of  committees,  either  of  those  days  or  of  the  present  times,  one  thing  is 
certain — namely,  that  hran  contains  only  9  or  10  per  cent,  of  woody  fibre,  that  is,  of 
matter  devoid  of  nutritious  property  ;  and  that  the  remainder  consists  of  a  larger  pro- 
portion of  gluten  and  starch,  fatty,  and  other  highly  nutritive,  constituents,  with  a  few 
salts,  and  water,  as  proved  by  the  following  analysis  by  Millon :  — 

Composition  of  Wheat  Bran. 


Starch   52-0 

Gluten     -       -   U-9 

Sugar   1-0 

Fatty  matter    -       --       --i.-  3-6 

"Woody  „        -       -  -  9-7 

Salts        -       -   5-0 

Water  -  13-8 


100-0 


And  it  is  equally  certain  that  wheat  itself — I  mean  the  whole  grain — does  not  eon- 
tain  more  than  2  per  cent,  of  unnutritious,  or  woody  matter,  the  bran  being  itself 
richer,  weight  for  weight,  in  gluten  than  the  fine  flour ;  the  whole  meal  contains, 
accordingly,  more  gluten  than  the  fine  flour  obtained  therefrom.  The  relative  pro- 
portions of  gluten  in  the  whole  grain,  in  bran,  and  in  flour  of  the  same  sample  of 
wheat,  were  represented  by  the  late  Professor  Johnston  to  be  as  follows  : — 

Gluten  of  Wheat. 
Whole  grain  -       -      -       -       -       -       -    12  per  cent. 

Whole  bran   14  to  18  „ 

Fine  flour     -  .\q 

Now,  whereas  a  bushel  of  wheat  weighing  60  lbs.  produces,  according  to  the  mode  of 
manufacturing  flour  for  London,  47lbs.— that  is,  78  per  cent,  of  flour,  the  rest  being 
bran  and  pollards  ;  if  we  deduct  2  per  cent,  of  woody  matter,  and  1^  per  cent,  for 
waste  in  grinding  at  the  mill,  the  bushel  of  60 lbs.  of  wheat  would  yield  58 lbs.,  or  at 
lea.st  96|  per  cent,  of  nutritious  matter. 

It  is,  therefore,  as  clear  as  anything  can  possibly  be,  that  by  using  the  whole  meal 
mstead  of  only  the  fine  flour  of  that  wheat,  there  will  be  a  difference  of  about  ith  in 
the  product  obtained  from  equal  weights  of  wheat. 

In  a  communication  made  to  the  Royal  Institute  nearly  four  years  ago,  M  Mege 
Mounes  announced  that  he  had  found  under  the  envelope  of  the  grain,  in  the 
internal  part  of  the  perisperm,  a  peculiar  nitrogenous  substance  capable  of  acting 
as  a  ferment,  and  to  which  he  gave  the  name  of  "cerealine."  This  substance 
which  IS  found  wholly,  or  almost  so,  in  the  bran,  but  not  in  the  best  white  flour 
has  the  property  of  liquefying  starch,  very  much  in  the  same  manner  as  diastase  \ 
and  the  decreased  firmness  of  the  crumb  of  brown  bread  is  referred  by  him  to  this 

f^'r^T^  °^  ^''^'''^  "^^^^  ^'^''l  containing  bran  is  not,  according 

to  M.  Mege  Mounes,  due,  as  has  hitherto  been  thought,  to  the  presence  of  bran  • 
but  to  the  peculiar  action  of  cerealin ;  this  new  substance,  like  vegetable  casein 
and  gluten  being,  by  a  slight  modification,  due  perhaps  to  the  contact  of  the  air 
transformed  mto  a  ferment,  under  the  influence  of  which  the  gluten  undergoes 
a  great  alteration,  yie  ding,  among  other  products,  ammonia,  a  brown-coloLd 
matter  analogous  to  uhnine,  and  a  nitrogenous  product  capable  of  transforming 
thTJJ^'A't  ^-^^^^  ^'^"'"g  experimentally  establLhed,  t? 

Peligot  S  hv  /  T'"."^"^^  ^^y^^^^^^g  of  MM.  Chevreul,  Dumas,  Pelouze,  knd 
t^P  f^!'  •«      ^  f  f.ly^'°g  or  destroying  the  action  of  cerealin,  as  described  iu 
the  specification  of  his  patent,  bearing  date  the  14th  of  June,  1856,  white  bread 
havmg  all  the  characters  of  first-quality  bread,  may  be  made  in  the  Tan™  of 
the  said  specification,  "with  using  either  aU  the  white  or  raw  eWnts  tC^con 

Cerealin,  according  to  M.  M&ge  MouriSs,  has  two  very  distinct  nronertip,  ■ 
the  first  consists  m  converting  the  hydrated  starch  into  glucose  and  deSe  i;: 
second,  which  is  much  more  important  in  its  results  trtnJoZ.  fL  l:  '-^^^ 
lactic,  acetic,  butyric,  and  formic  acid,  which  Srate  sweU^f  * 
solve  the  gluten,  rendering  it  pulpy  and  eiTlsfve  li£  thlT  If  r^l        Part  7  d.s- 
faet,  a  series  of  decompositions,  yielding  eveSy  a  loaf  bfvi^ 
teristics  of  bread  made  from  inferior  flour  Slaving  all  the  charac- 

T,Jf/^5"      T"""'  °^  the  farinaceous  substance  of  wheat  into  ^1,;. 

bread,  it  is  therefore  necessary  to  destroy  the  cerealin ;  and  the  process!  or  ser7es  of 
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processes,  by  ■which  this  is  accomplished,  is  thus  described  by  M.  M6ge  Mouri^8 
in  his  specification  : —  ^ 

"  The  following  are  the  means  I  employ  to  obtain  my  new  product  : — 
"  1st.  The  application  of  vinous  fermentation,  produced  by  alcoholic  ferment  or 
yeast,  to  destroy  the  ferment  that  I  call  '  corealine'  existing,  together  with  the  frag- 
ments of  bran,  in  the  raw  flour,  and  which  in  some  measure  produces  the  acidity  of 
brown  bread  directly  whilst  it  destroys  indirectly  most  part  of  the  gluten. 

"  2ndly.  The  thorough  purification  of  the  said  flour,  either  raw  or  mixed  with 
bran,  (after  dilution  and  fermentation,)  by  the  sifting  and  separating  of  the  farina- 
ceous liquid  from  the  fragments  of  bran  disseminated  by  the  millstone  into  the  inferior 
products  of  corn. 

"  3dly.  The  employing  that  part  of  corn  producing  brown  bread  in  the  rough 
state  as  issuing  from  the  mill  after  a  first  grinding,  in  order  to  facilitate  its  purification 
by  fermentation  and  wet  sifting. 

"  4thly.  The  employing  an  acidulated  water  (by  any  acid  or  acid  salt)  in  order  to 
prevent  the  lactic  fermentation,  preserving  the  vinous  fermentation,  preventing  the 
yellow  colour  from  turning  into  a  brown  colour  (the  ulmic  acid),  and  the  good  taste 
of  corn  from  assuming  that  of  brown  bread.  However,  instead  of  acidulated  water, 
pure  water  may  be  employed  with  an  addition  of  yeast,  as  the  acid  only  serves  to 
facilitate  the  vinous  fermentation. 

"  5thly.  The  grinding  of  the  corn  by  means  of  millstones  that  crush  it  thoroughly, 
increasing  thereby  the  quantity  of  foul  parts,  a  method  which  will  prove  very  bad 
with  the  usual  process,  and  very  advantageous  with  mine. 

"  6thly.  The  application  of  corn  washed  or  stripped  by  any  suitable  means. 

"  7thly.  The  application  of  all  these  contrivances  to  wheat  of  every  description, 
to  rye,  and  other  grain  used  in  the  manufacture  of  bread. 

''  8thly.  The  same  means  applied  to  the  manufacture  of  biscuits. 

"  I  will  now  describe  the  manner  in  which  the  said  improvements  are  carried  into 
effect, 

"  First  Instance.  Wlien  flour  of  inferior  quality  is  made  use  of. — This  description  of 
flour,  well  known  in  trade,  is  bolted  or  sifted  at  73,  75,  or  80  per  cent,  (a  mark 
termed  Scipion  mark  in  the  French  "War  Department),  and  yields  bread  of  middle 
quality.  By  applying  to  this  sort  of  flour  a  liquid  yeast,  rather  diff'erent  from  that 
-which  is  applied  to  white  flour,  in  order  to  quicken  the  work  and  remove  the  sour 
taste  of  bread,  a  very  nice  quality  will  be  obtained,  which  result  was  quite  unknown 
to  everybody  to  this  day,  and  which  none  ever  attempted  to  know,  as  none  before  me 
was  aware  of  the  true  causes  that  produce  brown  bread,  &c. 

"  Now,  to  apply  my  process  to  the  said  flour  (of  inferior  mark  or  quality)  I  take  a 
part  of  the  same  — a  fourth  part,  for  instance — which  I  dilute  with  a  suitable  quantity 
of  water,  and  add  to  the  farinaceous  liquid  1  portion  of  beer  yeast  for  200  portions  of 
water  together  with  a  small  quantity  of  acid  or  acid  salt,  sufficient  to  impart  to  the  said 
water' the  property  of  lightly  staining  or  reddening  the  test-paper,  known  m  France 
by  the  name  of  papier  de  tournesol.  When  the  liquid  is  at  full  workmg,  I  mix  the 
remaining  portions  of  flour,  which  are  kneaded,  and  then  allowed  to  ferment  m  the 
usual  way.  The  yeast  applied,  which  is  quite  alcoholic,  will  yield  perfectly  white 
bread  of  a  very  nice  taste  ;  and  I  declare  that  if  similar  yeast  were  ever  commended 
before,  it  was  certainly  not  for  the  purpose  of  preventing  the  formation  of  brown 
bread  the  character  of  which  was  beUeved  to  be  inherent  to  the  nature  of  the  very 
flour,  as  the  following  result  will  sufficiently  prove  it,  thus  divesting  such  an  apphca- 
lion  of  its  industrial  appropriation.  „       t  xt. 

"  Second  Instance.  When  raw  flour  is  made  use  o/.-By  raw  flour,  I  mean  the  corn 
crushed  only  once,  and  from  which  10  to  15  per  cent,  of  rough  bran  have  been  sepa- 
rated Such  flour  is  still  mixed  with  fragments  of  bran,  and  is  employed  in  trade  to 
Ihe  manufacture  of  so  called  white  flour  and  bran  after  a  second  and  third  grinding 
or  cmsSg  Instead  of  that,  I  only  separate,  and  without  subm.tung  it  to  a  h.sh 
crushing  the  rough  flour  in  two  parts,  about  70  parts  of  white  flour  and  15  to  U-  of 
roS  of  coarse  flour,  of  which  latter  the  yeast  is  made  ;  this  I  di  ute  with  a  suitable 
quality  of  water,  sufficient  to  reduce  the  whole  flour  into  a  dough,  say,  50  per  cent 
of  the  whole  weight  of  raw  flour.  To  this  mixture  have  been  previously  added  the 
feast  Td  acid,  Whenever  acid  is  applied,  which  is  not  indispensable  as  before 
stated  Tand  th;  whole  is  allowed  to  work  for  6  hours  at  a  temperature  of   7°  F. 

hours  at  68°,  and  for  20  hours  at  59°,  thus  proportionally  to  the  temperature 
Wh  le  this  working  or  fermentation  is  going  on,  the  various  elements  (cercaline  &c.) 
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sold  by  bakers,  chiefly  if  the  fragments  of  bran  are  separated  by  the  following 
process,  which  consists  in  pouring  on  the  sieve,  described  hereafter,  the  liquid  contain- 
ing the  rough  parts  of  flour  thus  disaggregated  and  modified  by  a  well-regulated 
fermentation. 

"  The  sieve  alluded  to,  which  may  be  of  any  form,  and  consist  of  several  tissues  of 
different  tightness,  the  closest  being  ever  arranged  underneath  or  the  most  forward, 
when  the  sieve  is  of  cylindrical  or  vertical  form,  is  intended  to  keep  back  the  fiag- 
ments  of  bran,  which  would  by  their  interposition  impair  the  whiteness  of  bread, 
and  by  their  weight  diminish  its  nutritive  power.  The  sifted  liquid  is  white,  and 
constitutes  the  yeast  with  which  the  white  flour  is  mixed  after  being  separated,  so  as 
to  make  a  dough  at  either  a  first  or  several  workings,  according  to  the  baker's  prac- 
tice. This  dough  works  or  ferments  very  quickly,  and  the  bread  resulting  therefrom 
is  unexceptionable.  In  case  the  whiteness  or  neatness  of  bread  should  be  looked 
upon  as  a  thing  of  little  consequence,  a  broader  sieve  might  be  employed,  or  even  no 
sieve  used  at  all,  and  yet  a  very  nice  bread  be  obtained. 

"  The  saving  secured  by  the  application  of  my  process  is  as  follows : — By  the 
common  process,  out  of  100  parts  of  wheat  70  or  75  parts  of  flour  are  extracted, 
which  are  fit  to  yield  either  white  or  middle  bread ;  whilst,  by  the  improved  process, 
out  of  100  parts  of  wheat  85  to  88  parts  will  be  obtained,  yielding  bread  of  superior 
quality,  of  the  best  taste,  neatness,  and  nutritious  richness. 

"  In  case  new  yeast  cannot  be  easily  provided,  the  same  should  be  dried  at  a 
temperature  of  about  86°  F.,  after  being  suitably  separated  by  means  of  some 
inert  dust,  and  previous  to  being  made  use  of  it  should  be  dipped  into  10  parts  of 
water,  lightly  sweetened,  for  8  to  10  hours,  a  fit  time  for  the  liquid  being  brought 
into  a  full  fermentation,  at  which  time  the  yeast  has  recovered  its  former  power. 
The  same  process  will  hold  good  for  manufacturing  rye  bread,  only  25  per  cent., 
about,  of  coarse  bran  are  to  be  extracted.  For  manufacturing  biscuits,  I  use  also  the 
same  process,  only  the  dough  is  made  very  hard  and  immediately  taken  into  the 
oven,  and  the  products  thus  obtained  are  far  superior  to  the  common  biscuits,  both  for 
their  good  taste  and  preservation.  Should,  however,  an  old  practice  exclude  all 
manner  of  fermentation,  then  I  might  dilute  the  rough  parts  of  flour  in  either  acidu- 
lated or  non-acidulated  water,  there  to  be  left  to  work  for  the  same  time  as  before 
then  sift  the  water  and  decant  it,  after  a  proper  settling  of  the  farinaceous  matters 
of  which  the  dough  is  to  be  made ;  thus  the  action  of  the  acid,  decantation,  and  sifting 
would  eftectively  remove  all  causes  of  alteration,  which  generally  impair  the  biscuits 
made  of  inferior  flovu-. 

"  The  apparatus  lequired  for  this  process  is  very  plain,  and  consists  of  a  kneadinff 
trough,  m  which  the  foul  parts  are  mixed  mechanically,  or  by  manual  labour,  with 
the  hquid  above  mentioned.  From  this  trough,  and  through  an  opening  made  therein 
the  iqu.d  mixture  drops  into  the  feimenting  tub,  deeper  than  wide,  which  must  be 
kept  tightly  closed  during  the  fermenting  work.  At  the  lower  part  of  this  tub  a 
cock  IS  fitted  which  lets  the  liquid  mixture  down  upon  an  incline  plane,  on  which  the 
liquid  spreads,  so  as  to  be  equally  distributed  over  the  whole  surface  of  the  sieve 
rhis  sieve,  ot  an  oblong  rectangular  form,  is  laid  just  beneath,  and  its  tissue  ought 
1..    r/i,  M'^'J"  P/^^™'  fragments  of  bran  from  passing  through:  it  is 

actuated  by  the  hand  or  rather  by  a  crank.  In  all  cases  that  part  of  the  sieve  which 
n<^Tp'n!n  °l  ■         '^"^^  "1?°"  ^°  unyielding  body,  for  the  purpose  of  shak- 

ing the  pelhcles  remaining  on  the  tissue,  and  driving  them  down  towards  an  outlet 
on  the  lower  part  of  the  sieve,  and  thence  into  a  trough  purposely  contrived  for 
receiving  the  waters  issuing  from  the  sieve,  and  discharging  them  into  a  tank 

on.wi^r     °Pr^*'°°  '^""^'"S  peUicles,  or  rougher  parts,  which 

rp  u-  .iF^'V'''°"Sh  the  sieve,  sifting  them  again,  and  using  the  whit^  water 
sWp  o?  •  '°  P"^'^  intended  for  subsequent  operations  The 

s^ve  01  sieves  may  sometimes  happen  to  be  obstructed  by  some  parts  of  gluten  adher! 
•of  met'^  i°c  ^nef  tT"''  aciduhtted  water  for  sflk  tissuL,  and  4h  an  altli 

lor  metallic  ones.    This  washing  method  I  deem  very  important  as  its  non-mTilinn 
tion,may  hinder  a  rather  large  operation,  and  therefore  I  wish  trsPcin-P  it  tJc 
ratus  may  be  liable  to  some  variations,  knd  admU  of  several  Ives  sunerJot/^''''; 
with  different  tissues,  the  broadest,  however,  to  be  pLed  uppermost.    '  '"^ 

.hi^h^^a^  r^aii^n  ^r^^- 

.ooden  cock       The  cyli/der  a  r^^:^'^^::^ 
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■with  four  arms  e,  which  arhor  is  supported  by  two  cross  bars  g  and  h,  secured  by 
luoans  of  bolts  to  the  uprights  i.  Motion  is  inipartedto  the  arbor/  by  a  cranii  j,  by 
pulleys  driven  by  the  endless  straps  k,  and  by  the  toothed  wheel  I,  gearing  into  the 
wheel  m,  which  is  keyed  on  the  upper  end  of  the  arbor  /,    Beneath  the  cyUnder  c, 
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two  sieves  n  and  o  are  borne  into  a  frame  p,  suspended  on  one  end  to  two  chains  g, 
and  on  the  other  resting  on  two  guides  or  bearings  r,  beneath  which,  and  on  the 
crank  shaft,  are  cams  s,  by  which  that  end  of  the  frame  that  carries  the  sieves  is 
alternately  raised  and  lowered.  A  strong  spring  u  is  set  to  a  shaft  borne  by  the 
framing  a,  whilst  a  ratchet  wheel  provided  with  a  clink  allows  the  said  spring, 
according  to  the  requirements  of  the  work,  to  give  more  or  less  impulse  or  shaking 
as  the  cams  s  are  acting  upon  the  frame-sieve  carrying  the  sieve.  Beneath  the 
said  frame  a  large  hopper  t  is  disposed,  to  receive  and  lead  into  a  tank  the  liquid 
passing  through  the  sieves.  The  filter  sieve  is  worked  as  follows  : — After  withdraw- 
ing, by  means  of  bolting  hutches,  70  per  cent.,  about,  of  fine  flour,  I  take  out  of  the 
remaining  30  per  cent,  about  20  per  cent,  of  groats,  neglecting  the  remaining  TO  per 
cent.,  from  which,  however,  I  could  separate  the  little  flour  still  adhering  thereto, 
but  I  deem  it  more  available  to  sell  it  off  in  this  state.  I  submit  the  20  per  cent,  of 
groats  to  a  suitable  vinous  fermentation,  and  have  the  whole  taken  into  the  cylinder  c, 
there  to  be  stirred  by  means  of  the  arbor  /  and  the  arms  e ;  after  a  suitable  stirring, 
ithe  cock  d  is  opened  and  the  liquid  is  let  out,  spread  on  the  uppermost  sieve  n,  which 
keeps  back  the  coarsest  bran.  The  liquid  drops  then  into  the  second  sieve  or  filter  o, 
by  which  the  least  fragments  are  retained ;  the  passage  of  the  liquid  through  the 
filters  is  quickened  by  the  quivering  motion  imparted  by  the  cams  s  to  the  frame 
carrying  the  sieve."  .        /.  u 

The  advantages  resulting  from  such  a  process  are  obvious  :  first,  it  would  appear — 
and  those  experiments  have  been  confirmed  by  the  committee  of  the  Academic  des 
Sciences  who  had  to  report  upon  them— that  no  less  than  from  16  to  17  per  cent,  ot 
white  bread  of  superior  quality  can  be  obtained  from  wheat,  which  increase  is  not  due 
to  water,  as  in  other  methods,  but  is  a  true  and  real  one,  the  Commissioners  having 
ascertained  that  the  bread  thus  manufactured  did  not  contain  more  water  than  ttiat 
made  in  the  usual  way,  their  comparative  examinations  in  this  respect  having  given 
the  following  results :  — 

Loss  by  drying  in  Atr. 

Crumb.  Crust. 

-  37'8    -       -  12-0 

-  37-5    -       -  14-0 


Old  method 
New  method 


Difference 


00-3 


20 
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Another  experiment  by  Peligot :  — 

Loss  by  drying  in  Air  at  248°  F. 

Crumb  and  Crust. 

Ne-w  method       .       -       -       -       .    34-9  per  cent. 
Old  method        -       -       -       -       -    34'1  „ 

Difference       -       -       .       .    OO'S  „ 

Since  the  enrolment  of  his  Specification,  however,  M.  MSge  Mouries  has  made 
an  improvement,  ■which  simplifies  considerably  his  original  pi'ocess,  according  to 
which  the  destruction  of  the  cerealin,  as  we  saw,  was  elFected  by  ordinary  yeast ;  that 
is  to  say,  by  alcoholic  fermentation.  The  last  improvement  consists  in  preventing 
cerealin  from  becoming  a  lactic  or  glucosic  ferment,  by  precipitating  it  with  common 
salt,  and  not  allowing  it  time  to  become  a  ferment.  In  effect,  in  order  that  cerealin 
may  produce  the  objectionable  effects  alluded  to,  it  must  first  pass  into  the  state  of 
ferment,  and,  as  all  nitrogenous  substances  require  a  certain  time  of  incubation  to 
become  so*  if,  on  the  one  hand,  cerealin  be  precipitated  by  means  of  common  salt, 
the  glucosic  action  is  neutralised ;  whilst,  on  the  other  hand,  the  levains  being  made 
whh  flour  containing  no  cerealin— that  is  to  say,  with  best  white  flour— if  a  short  time 
before  baking  households  or  seconds  are  added  thereto,  it  is  clear  that  time  will  be 
wanting  for  it  (the  ferment)  to  become  developed  or  organised,  and  that,  under  this 
treatment,  the  bread  will  remain  white. 

The  application  of  these  scientific  deductions  will  be  better  understood  by  the  fol- 
lowing description  of  the  process  :  — 

100  parts  of  clean  wheat  are  ground  and  divided  as  follows  :  — 

Best  whites  for  leaven      -       -       .       .  . 
White  groats,  mixed  with  a  few  particles  of  bran 
White  groats,  mixed  with  a  larger  quantity  of  bran 
Bran  (not  used) 
Loss  - 


-  40-0 

-  38-0 

-  8-0 

-  15-5 

-  0-5 


102-0 


These  figures  vary,  of  course,  according  to  the  kind  of  wheat  used,  according  to 
seasons,  and  accordmg  to  the  description  of  miU  and  the  distance  of  the  millstones 
used  tor  grmdmg. 

"  In  order  to  convert  these  products  into  bread,"  says  M.  Meffe  Mouries  "  a 
leaven  is  to  be  made  by  mixing  the  40  parts  of  best  flour  above  alluded  to,  with  20 
parts  of  water,  and  proceeding  with  it  according  to  the  mode  and  custom  adopted  iu 
each  locality  This  leaven,  no  matter  how  prepared,  being  ready,  the  8  parts  of  groats 
mixed  with  the  larger  quantity  of  bran  above  alluded  to,  are  diluted  in  45  parts  of 
water  m  which  0-6  parts  of  common  salt  have  been  previously  dissolved,  and  the 
whole  is  passed  through  a  sieve  which  allows  the  flour  and  water  to  pass  through  but 
re  ains  and  separates  the  particles  of  bran.  The  watery  liquid  so  obtained  has  a  white 
colour,  IS  flocculent,  and  loaded  with  cerealin  ;  it  no  longer  possesses  the  properTy  of 
liquefying  gelatinous  starch,  and  weighs  38  parts  (the  remainder  of  the  water  is 
retained  in  the  bran,  which  has  swelled  up  in  consequence,  and  remains  on  this  eve 
The  leaven  is  then  diluted  with  that  water,  which  is  loaded  with  best  flour  and  is 
used  for  conver  mg  into  dough  the  38  parts  of  white  groats  above  alluded  o  the 

houf  it' iffin°,lf '"''^'^  T  '"''"^'^  P"""''""^'  ^"'^  after^llowing  it  to  stand  for'  one 
^    f     ^       '°  *°  A«  the  operation!  just  described  take 

fclllf  "P^f"  ffi"*^  C.  (  =  77°  F.),  the  one  hour  during  ihich  the  dough  is 
left  to  .tself,  IS  not  sufficient  for  the  cerealin  to  pass  into  the  state  of  ferment  and  the 

yield  136  parts  oHoth  and  finallv^  •  ^    ^i""''  ^"  ^''^^^  °^  ^'^^^t 

which  the^ame  quantV;  o?  wheat  wouW  Tav:  vieTdef  L°  l'"'"'  'V"^'"'^^  "r"  1°°' 

The  substances  which  are  now  almost  exclusively  employed  for  adulterating  bread 
•  Communication  of  M.  M6ge  Moarifis  to  the  Acad6n,le  des  Sciences,  January.  1858. 
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are,  water,  alone  or  incorporated  with  rice,  or  water  and  alum  :  other  substances,  how- 
ever, are  or  have  been  also  occasionally  used  for  the  same  purpose  ;  they  are,  .injphale 
of  copper,  carbonate  of  magnesia,  sulphate  of  zinc,  carbonate  of  ammonia,  carbonate 
and  bicarbonate  of  potash,  carbonate  and  bicarbonate  of  soda,  chalk,  plaster,  lime,  clay, 
starch,  potatoes,  and  other  fecula. 

This  retention  of  water  into  bread  is  secured  by  underbaking,  by  the  introduction 
of  rice  and  feculas,  and  of  ahim. 

Underbaking  is  an  operation  which  consists  of  lieeping  in  the  loaf  the  water 
which  otherwise  would  escape  while  baking ;  it  is,  therefore,  a  process  for  selling 
water  at  the  price  of  bread.  It  is  done  by  introducing  the  dough  into  an  oven 
unduly  heated,  whereby  the  gases  contained  in  the  dough  at  once  expand,  and  swell 
it  up  to  the  ordinary  dimensions,  whilst  a  deep  burnt  crust  is  immediately  afterwards 
formed  ;  which,  inasmuch  as  it  is  a  bad  conductor  of  heat,  prevents  the  interior  of 
the  loaf  from  being  thoroughly  baked,  and  at  the  same  time  opposes  the  free  exit  of  the 
water  contained  in  the  dough,  and  which  the  heat  of  the  oven  partly  converts  into  steam ; 
while  the  crust  becomes  thicker  and  darker  than  it  otherwise  should  be,  a  sensible 
loss  of  nutritive  elements  being  sustained,  at  the  same  time,  in  the  shape  of  pyroge- 
nous  products  which  are  dissipated. 

The  proportion  of  water  retained  in  bread  by  underbaking  is  sometimes  so  large, 
that  a  baker  may  thus  obtain  as  much  as  106  loaves  from  a  sack  of  flour. 

The  addition  of  boiled  rice  to  the  dough  is  also  pretty  frequently  used  to  increase 
the  yield  of  loaves ;  this  substance,  in  fact,  absorbs  so  much  water  that  as  many  as 
116  quartern  loaves  have  thus  been  obtained  from  one  sack  of  flour. 

From  a  great  number  of  experiments  made  with  a  view  to  determine  the  normal 
quantity  of  water  contained  in  the  crumb  of  genuine  bread,  it  is  ascertained  that  it 
amounts,  in  new  bread,  from  38  at  least  to  at  most  47  per  cent. 

The  quantity  of  water  contained  in  bread  is  easily  determined,  by  cutting  a  slice 
of  it,  weighing  500  grains,  for  example,  placing  it  in  a  small  oven  heated,  by  a  gas- 
burner  or  a  lamp,  to  a  temperature  of  about  220°  F.,  until  it  no  longer  loses  weight, 
the  difference  between  the  first  and  last  weighing  (that  is  to  say,  the  loss)  indicating, 
of  course,  the  amount  of  water. 

Alum,  however,  is  the  principal  adulterating  substance  used  by  bakers,  almost 
without  exception,  in  this  metropolis ;  as  was  proved  by  Dr.  Normanby  in  his  evidence 
before  the  Select  Committee  of  the  House  of  Commons,  appointed  in  1855,  under 
the  presidence  of  Mr.  W.  Scholefield,  to  inquire  into  the  adulteration  of  food,  drinks, 
and  drugs,  which  assertion  was  corroborated  and  established  beyond  doubt  by  the 
other  chemists  who  were  examined  also  on  the  subject. 

The  introduction  of  alum  into  bread  not  only  enables  the  baker  to  give  to  bread 
made  of  flour  of  inferior  quality  the  whiteness  of  the  best  bread,  but  to  force  and 
keep  in  it  a  larger  quantity  of  water  than  could  otherwise  be  done.  We  shall  see 
presently  that  this  fact  has  been  denied,  and  on  what  grounds. 

The  quantity  of  alum  used  varies  exceedingly ;  but  no  appreciable  effect  is  pro- 
duced when  the  proportion  of  alum  introduced  is  less  than  1  in  900  or  1000,  which 
is  at  the  rate  of  27  or  28  grains  in  a  quartern  loaf.  The  use  of  alum,  however,  has 
become  so  universal,  and  the  Act  of  Parliament  which  regulates  the  matter  has  so 
long  been  considered  as  a  dead  letter,  from  the  trouble,  and  chance  of  pecuniary  loss 
•which  it  entails  on  the  prosecutor  should  his  accusation  prove  unsuccessful,  that  but 
few,  and  until  quite  lately  none,  of  the  public  officers  would  undertake  the  discharge 
of  a'  duty  most  disagreeable  in  itself  and  at  the  same  time  full  of  risk. 

When  alum  is  used  in  making  bread,  one  of  the  two  following  thmgs  may  happen  : 
either  the  alum  will  be  decomposed,  as  just  said,  in  which  case  the  alumina  will,  of 
necessity,  be  set  free  as  soon  as  digestion  will  have  decomposed  the  organic  matter 
with  which  it  was  combined ;  and  thus  it  is  presumable  that  either  alum  will  be 
re-formed  in  the  stomach,  or  that,  according  to  Liebig,  the  phosphoric  acid  of  the 
phosphates  of  the  bread,  uniting  with  the  alumina  of  the  alum,  will  form  an  insoluble 
phosphate  of  alumina,  and  the  beneficial  action  of  the  phosphates  will,  consequently, 
be  lost  to  the  system ;  and  since  phosphoric  acid  forms  with  alumina  a  compound 
hardly  decomposable  by  alkalis  or  acids,  this  may,  perhaps,  explain  the  mdiges- 
tibility  of  the  London  bakers'  bread,  which  strikes  all  foreigners.  —  ie»er5  on 

Chemistni.  ,       ,       ,        .•    j  •    .i  . 

The  last  defence  set  up  in  behalf  of  alumed  bread  to  be  noticed  is,  that  with 
certain  descriptions  of  flour,  bread  cannot  be  made  without  it;  that  by  means  of  alum 
a  large  quantity  of  flour  is  made  available  for  human  food,  which,  without  it,  niust  be 
withdrawn,  and  turned  to  some  other  less  important  uses,  to  the  great  detrinient  of 
the  population,  and  particularly  of  the  poor,  who  would  be  the  firs  to  suffer  from  tlie 
increase  of  the  price  of  bread  which  such  a  withdrawal  must  fatally  produce. 
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The  process  usually  adopted  for  the  detection  of  alum  is  that  known  as  Kuhlman's 
process,  which  consists  in  incinerating  about  3000  grains  of  bread,  porphyrising  the 
ashes  so  obtained,  treating  them  by  nitric  acid,  evaporating  the  mixture  to  dryness, 
and  diluting  the  residue  with  about  300  grains  of  water,  with  the  help  of  a  gentle 
heat;  without  filtering,  a  solution  of  caustic  potash  is  then  added,  the  whole  is  boiled 
a  little,  filtered,  the  filtrate  is  tested  with  a  solution  of  sal  ammoniac,  and  boiled  for  a 
few  minutes.  If  a  precipitate  is  formed  it  is  not  alumina,  as  hitherto  thought  and 
stated  by  Kuhlman  and  all  other  chemists,  hnt  phosphate  of  alumina,  —  a  circumstance 
of  great  importance,  not  in  testing  for  the  presence  of  alumina,  but  for  the  determi- 
nation of  its  amount,  as  wiU  be  shown  further  on,  when  entering  into  the  details  of 
the  modifications  which  it  is  necessary  to  make  to  Kuhlman's  process. 

In  a  paper  read  in  April,  1858,  at  the  Society  of  Arts,  Dr.  Odling  stated  that  out  of 
46  examinations  of  ashes  furnished  him  by  Dr.  Gilbert,  and  treating  them  by  the 
above  process,  he  (Dr.  Odling)  obtained,  to  use  his  own  words,  "in  21  instances,  the 
celebrated  white  precipitate  said  to  be  indicative  of  alumina  and  alum,  so  that  had 
these  samples  been  in  a  manufactured  instead  of  the  natural  state  —  had  the 
wheat,  for  example,  been  made  into  flour  —  I  should  have  been  justified,  according  to 
the  authority  quoted,  in  pronouncing  it  to  be  adulterated  with  alum.  But  a  subse- 
quent examination  of  the  precipitates  I  obtained,  showed  that  in  reality  they  were  not 
due  to  alumina  at  all.  Mr.  Kuhlman's  process,  as  above  described,  is  possessed  of  rare 
merits:  it  will  never  fail  in  detetecting  alumina  when  present,  and  will  often  succeed 
in  detecting  it  when  absent  also.  The  idea  of  weighing  this  olla  podrida  of  a  preci- 
pitate, and  from  its  weight  calculating  the  amount  of  alum  present,  as  is  gravely 
recommended  by  great  anti-adulteration  adepts,  is  too  preposterous  to  require  a 
moment's  refutation." 

Having  stated  the  question  in  dispute  as  it  is  at  present  stands,  we  must  leave  it  to 
be  discussed  in  another  place. 

In  order,  however,  to  render  the  process  for  the  detection  of  alum  in  bread  free 
from  objections,  the  foUowing  method  is  recommended.  It  requires  only  ordinary 
care,  and  it  is  perfectly  accurate  : — 

Cut  the  loaf  in  half ;  take  a  thick  slice  of  crumb  from  the  middle  carefully 
trimming  the  edges  so  as  to  remove  the  crust,  or  hardened  outside,  and  weigh  off 
1500  or  3000  grains  of  it;  crumble  it  to  powder,  or  cut  it  into  slices,  and  ex- 
pose them,  on  a  sheet  of  platinum  foil  turned  up  at  the  edges,  to  a  low  red  heat  until 
tumes  are  no  longer  evolved,  and  the  whole  is  reduced  to  charcoal,  which  w'ili  re- 
quire irom  twenty  to  forty  minutes,  according  to  the  quantity  ;  transfer  the  charcoal 
to  a  mortar,  and  reduce  it  to  fine  powder  ;  put  now  this  finely-pulverised  charcoal 
back  again  on  the  platmum  foil  tray,  and  leave  it  exposed  thereon  to  a  dark  cherrv- 
red  heat  until  reduced  to  grey  ashes,  for  which  purpose  gas-furnace  lamps  will  be 
found  very  conTenient.  Only  a  cherry-red  heat  should  be  applied,  because  at  a 
higher  temperature  the  ashes  might  fuse,  and  the  incineration  be  thus  retarded 
Remove  the  source  of  heat,  drench  the  grey  ashes  with  a  concentrated  solution  of 
nitiate  of  ammonia,  and  carefully  reapply  the  heat;  the  last  portions  of  charcoal  will 
thereby  be  burnt,  and  the  ashes  will  then  have  a  white  or  drab  colour  Drench  hem 
on  the  tray  with  moderately  strong  and  pure  hydrochloric  acid,  and  after  one  or  tw^ 
minu  es  standmg  wash  the  contents  of  the  platinum  foil  tray,  with  distmed  watlr 
into  a  porcelain  dish;  evaporate  to  perfect  dryness,  in  order  to  render  the  silica 

X  'Sn!l-^''?'V''  P''^'^'*^?^       '•'^'''"^  ^ith  strong  and  pure  muriat  c  add,  a^d 
after  standing  for  five  or  six  minutes,  dilute  the  whole  with  water,  and  boil ;  while  boH 
ing,  add  carefully  as  much  carbonate  of  soda  as  is  necessary  nearly,  but  nJI  quite  to 
saturate  the  acid,  so  that  the  liquor  may  stiU  be  acid;  add  as  much  pt^re  alcohol! 
potash  as  IS  necessary  to  render  it  strongly  alkaline  ;  boil  the  whole  for  about  three 

line  fi^ltrT'''^!;  '^^^^'^y  supersaturating  the  strongly  alka! 

line  filtrate  with  pure  muriatic  acid,  the  further  addition  of  a  solution  of  carbonate  of 

sesses  a  silver  capsule,  he  will  do  weU  to  use  h  nste^H  of  f  I  •  ^  operator  pos- 
the  mass  with  pu^re  caustic  alcohol-^lsl""  ordef  o'  aldd'^irchTncroft  v°«!t  ^ 
(from  the  glaze)  becom  ng  dissolved  bv  the  nota.b  nmi  .ft  chance  of  any.  silica 
presence  of  alumina,  thou|h,  if  tie  boiLg  be  not  nVotraeteS^^^^^^^  simulating  the 
quite  available.  It  is,  ho^eVer,  absS'y  necela^r^  hlf  L^h'^Z '^^^^^^ 
I  alcohol,  for  ordinary  caustic  potash  always  contains  s'ome.  and  occa  onaTy  Sror- 
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able,  quantities  of  alumina,  and  is  totally  unsaited  for  such  an  investigation.  Even 
potassc  (J  I'alcohol  retains  traces  of  silica,  either  alone  8r  combined  with  alumina  ;  so 
that  for  this,  and  other  reasons  which  will  be  explained  presently,  an  extravagant 
quantity  of  it  should  not  be  used. 

Lastly,  carbonate  of  ammonia  is  preferable  to  caustic  ammonia  for  precipitating  the 
alumina,  since  that  earth  is  far  from  being  insoluble  in  caustic  ammonia. 

The  liquor  from  which  the  alumina  has  been  separated  should  now  be  acidified  with 
hydrochloric  acid,  and  tested  with  chloride  of  barium,  which  should  then  yield  a 
copious  precipitate  of  sulphate  of  barytes. 

The  only  precipitate  which  can,  under  the  circumstances  of  the  experiment,  simulate 
alumina,  is  the  phosphate  of  that  earth,  which  behaves  with  all  reagents  as  pure  alu- 
mina. Such  a  precipitate,  therefoi-e,  if  taken  account  of  as  pure  alumina,  would  alto- 
gether vitiate  a  quantitative  analysis  if  the  amount  of  alum  were  calculated  from  it ; 
but  the  proof  that  a  certain  quantity  of  alum  had  been  used  in  the  bread  from  which 
it  had  been  obtained  would  remain  unshaken ;  since  alumina,  whether  in  that  state 
or  in  that  of  its  phosphate,  could  not  have  been  found  except  a  salt  of  alumina 

 to  wit,  alum — had  been  used  by  the  baker.    When,  therefore,  the  exact  amount 

of  alumina  has  to  be  determined,  the  precipitate  in  question  should  be  submitted 
to  further  treatment  in  order  to  separate  the  alumina  ;  and  this  can  be  done  easily 
and  rapidly  by  dissolving  the  precipitate  in  nitric  acid,  adding  a  little  metallic  tin  to 
the  liquor,  and  boiling.  The  tin  becomes  rapidly  oxidised,  and  remains  in  the  state 
of  an  insoluble  white  powder,  which  is  a  mixture  of  peroxide  of  tin  and  of  phosphate 
of  tin,  at  the  expense  of  all  the  phosphoric  acid  of  any  earthy  phosphate  which  may 
have  been  present.  The  whole  mass  is  evaporated  to  dryness,  and  the  dry  residue  is 
then  treated  by  water  and  filtered,  in  order  to  separate  the  insoluble  white  powder, 
and  the  filtrate  which  contains  the  alumina  should  now  be  supersaturated  with  car- 
bonate of  ammonia.  If  a  precipitate  is  formed,  it  is  pure  alumina.  The  white  insoluble 
powder,  after  washing,  may  be  dissolved  in  hydrochloric  acid,  and  after  diluting  the 
solution  with  water,  the  tin  may  be  precipitated  therefrom  by  passing  through  it  a 
stream  of  sulphuretted  hydrogen  to  supersatm-ation,  leaving  at  rest  for  ten  or  twelve 
hours,  filtering,  boiling  the  filtrate  until  all  odour  of  sulphuretted  hydrogen  has  disap- 
peared ;  an  excess  of  nitrate  of  silver  is  then  added,  and  the  liquor  filtered,  to  sepa- 
rate the  chloride  of  silver  produced,  and  exactly  neutralising  the  filtrate  with  ammonia  ; 
and  if  a  lemon-yellow  precipitate  is  produced,  immediately  soluble  in  the  shghtest 
excess  of  either  ammonia  or  nitric  acid,  it  is  basic  phosphate  of  silver  (3AgO),  PhO^ 
the  precipitate  obtained  in  the  first  instance  being  thus  proved  to  be  phosphate  of 
alumina  The  pure  alumina  obtained  may  now  be  collected  on  a  filter,  washed  with 
boiling  water,  thoroughly  dried,  and  then  ignited  and  weighed.  One  grain  of  alumina 
represents  9-027  grains  of  crystallised  alum. 

In  testing  bread  for  alum,  it  should  be  borne  in  mmd,  however,  that  the  water  used 
for  making  the  dough  generally  contains  a  certain  quantity  of  sulphates,  and  that  a  pre- 
cipitate of  sulphate  of  barytes  will  therefore  be  very  frequently  obtained,  though  much 
less  considerable  than  when  alum  has  been  used.  Some  waters  called  flemtous  con- 
tain so  much  sulphate  of  lime  in  solution,  that  if  they  were  used  m  making  the  dough, 
chloride  of  barium  would  afford,  of  course,  a  considerable  precipitate.  For  these 
reasons,  therefore,  the  separation  and  identification  of  alumina  are  the  on  y  reliaWe 
proofs  ;  because,  as  that  earth  does  not  exist  normally  in  any  shape  in  wheat  oi  com- 
mon salt  otherwse  than  in  traces,  the  proof  that  alum  has  been  used  becomes  irre- 
^tTble  when  we  find,  on  the  one  hand,  alumina,  and,  on  the  other,  a  more  considerable 
amount  of  sulphate  of  barytes  than,  except  under  the  most  extraordinary  circum- 

''Tuth!Z}7op^^^^^^  the  property  of  hardening  gluten  and  thus, 

wifh  a  £ur  ofTnferi^r  quality,  bread  can  be  made  of  good  appearance,  as  it  asupenor 

""^Th^ui'of  su^pha'te  of  copper  in  bread  is  said  to  have  originated  about  25  or  30  years 

^^istriir^^sLti^  has  1^^^^  I 
s^quLS^f  ^^rs^^"  ^Bj':^:^^^^^ 
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iu  the  fermentation  (le  pain  pousse  plat),  this  inconvenience  was  found  to  be  obviated 
by  the  addition  of  blue  vitriol,  which  was  supposed  also  to  cause  the  flour  to  retain 
more  water.  The  quantity  of  blue  vitriol  added  is  extremely  small,  and  it  is  never 
done  in  presence  of  strangers,  because  it  is  reckoned  a  valuable  secret.  It  occasions 
no  economy  of  yeast,  but  rather  the  reverse.  In  a  litre  (about  a  quart)  of  water,  an 
ounce  of  sulphate  of  copper  is  dissolved ;  and  of  this  solution  a  wine-glassful  is  mixed 
with  the  water  necessary  for  50  quartern  or  4-pound  loaves. 

Lime  water  has  been  recommended  by  Liebig  as  a  means  of  improving  the  bread 
made  from  inferior  flour,  or  of  flour  slightly  damaged  by  keeping,  by  warehousing,  or 
durmg  transport  m  ships ;  and  this  method,  at  the  meeting  of  the  British  Association  at 
Glasgow,  IB  1855,  was  reported  as  having  been  tried  to  a  somewhat  considerable 
extent  by  the  bakers  of  that  town,  and  with  success,  the  bread  kneaded  with  lime 
water,  instead  of  pure  water  being  of  good  appearance,  good  taste,  good  texture,  and 
free  from  the  sour  taste  which  invariably  belongs  to  alumed  or  even  to  genuine  bread  ;- 
admitting  all  this  to  be  true,  st.ll  we  should  deprecate  the  use  of  limi  water  in  brekd, 
because  it  cannot  be  done  with  impunity ;  however  small  the  dose  of  additional  matter 

^rL."  of°^^     r  ,  'T'""''^^'  l=i'-ge  ^lien  considered  as 

portion  of  an  ar  icle  of  food  like  bread,  consumed  day  after  day,  and  at  each  meal, 

7^Zl  "^^''T  ^°  ^'^""^  ^'■'''^^^^  °f  ^""-i  t°  ^«  t^mpe/ei  with,  under  anj? 
n  ,t  ^-'^'^  ^'^"t"^'  ''^"'^       ^^""^  P'-o^ed  that  it  can  be  done  with- 

shoJd  rJpTpr  "-'V        ^''^'S  ^^'^^        ^aid  that  chemists 

should  never  propose  the  use  of  chemical  products  for  culinary  preparations. 

atTeastt  ^I'f ^'^f'''  ^'i^^'^'-ation  of  genuine  bread,  varies  from  1-5 
at  least  to  at  most  3  per  cent. ;  and  if  the  latter  quantity  of  ashes  be  exceeded  the 

"earthT^S:!-"  ^°     ar^ificial'introduction  orsom^^^^^^^^ 

wbtVhn^  to  l>i-ead  of  potatoes,  beans,  rice,  turnips,  maize,  or  Indian  corn 

7nnrA  •  •T''"^v^'''?-P''^'*''^"^  *°  ^  considerable  extent,  especially  in  years  of 
scarcity,  's  evident  that  they  may  be,  and  are  actually  perm  tted  under  he  Act  of 
Pariiament,  Will.  IV.,  cap.  27.  sect.  11.  As  may  be  seen  below,  bread  in  whkh  these 
ingredients  replace  a  certain  quantity  of  flour,  is  of  course  peTfeX  wKome  bnt 
thn^  "'■'^fr."^  nourishment  than  pu^e  whea^t  bread  Tis  cleaJ 

salfect:-        ^'"""^  °"  Chemistry,"  Liebig  makes  the  foUowing  remarks  on  the 

th;7dti^ni:h'Th? pTKVble^Sl'tmesTf  2rT  -.^^'itutes  for  flour,  and 
principles  of  hygilne  are  ^J::^^^^^^^^  ^^.^^^^ 

coL^'oi  :ioVo?t:rfte  S  findThatT"^  t  ^^-^^ 
voluie  or  weight  onC  materiS  aho^^^^^^^  f  P'T  ^""'^        ^  ''^^^^^^ 

of  heat  which  fhey  evolve  in  buri  ""'"''TrlV       ""'^^^  ^'^rees 

country  is  ordinarily  the  criterion  of  ts •nutritive" vake  ^'^'^^ 
nutritive  agent,  rye  is  quite  as  denr  -C.  ^'   ,!    '    "    •    Considered  as  a 

potatoes;  iS  fa«,^no  oTher  flour    a^ rlrface  wh'f  t''  ""''^  ''^'^ 

scarcity,  howeve.',  these  ratios  undergo  r^idiLrtL  '''P''*"        ^imes  of 

then  a  higher  value,  hecause,  n  S  tlon  to  LS  nai lT°''  ""'^ 
another  value  is  superadded,  which  in  times  nf  .hnrf       -^^"^      respiratory  food, 

"  The  addition  to  wheat  flo^r  of  ^ntntn  1    f  ^^^'"'-^  ^'^^^  account, 

gives  a  mixture,  the  nutrhive  value  of  whi.h  f.  '  °^  f'^'T''  °^  P^^P  °f  t^^nips, 
less  ;  and  it  is  evident  that  one  r!.^..  - ,  '  ^'^"^^  '°  ^^^^  °^  potatoes,  or  perhaps 
tion  of  wheat  floufin  o  a  food  havTn;onlvS?'  improvement  this 'transform^ 
true  problem  consists  in  communSff  to  ^^^""^      ^'"^     Potatoes.  The 

wheat  flour,  and  not  in  doi^g  the  reSe  At  at  p°  ^T'''-  "  f  ^1"^^ '^^^  of 
potatoes  by  themselves  and  fat  them,  t  an  w^h  bread  2'  V'  ''-f  T"^'  ^""fi"  '°  <=ook 

J'^^itlZy'iCSnT^^^^^^^  '"^'^'^  other  feculas 

if  not  impossible,  in  bread.  ^Bread  whS.  r",°^°°P«'°  ^our,  is  exceedingly  difficuk' 
corn  is  harsher  to  the  touch  Z^Th  Jf  ^^"'^         of  flour  mixed  with  Ind 

moistened  with  solutLn  of  '  oSrof  f  '^'^l'  y^""^'^'*  colour,  and  ^^t  " 

tmge  is  developed—A.  N.  ^  "^'^'"^'^  '"■^°^^>  ^  y^^ow  or  greenish-ylllo  " 
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BRECCIA.    An  Italian  term  used  for  a  rock  composed  of  angular  fragments  of 
stone,  cemented  together  by  an  earthy  or  a  mineral  sJftstance. 

The  fragments  of  the  older  rocks  or  minerals  have,  in  process  of  time,  by  the  action 
of  water  holding  salts  in  solution,  been  cemented  into  one  mass. 

BREWING.  {Brasscr,  Fr. ;  Braven,  Germ.)  The  art  of  making  beer,  or  an  al- 
coholic liquor  from  a  fermented  infusion  of  some  saccharine  and  amylaceous  substance 
with  water.  For  a  description  and  analysis  of  which,  and  of  the  substances  usually 
employed  in  its  fermentation,  see  the  article  Beeb. 

We  shall  now  proceed  to  describe  the  plan,  machinery,  and  utensils,  termed  al- 
together "  the  plant,"  of  a  large  brewery. 

Figs.  265  and  266  represent  the  arrangement  of  the  utensils  and  machmery  m  a 
poi'ter  brewery  on  the  largest  scale,  in  which  it  must  be  observed  that  the  elevation 
fig.  266,  is  in  a  great  degree  imaginary  as  to  the  plane  up'on  which  it  is  taken,  but  the 
different  vessels  are  arranged  so  as  to  explain  their  uses  most  readily,  and  at  the  same 
time  to  preserve,  as  nearly  as  possible,  the  relative  position  which  is  usually  assigned 
to  each  in  works  of  this  nature. 

The  malt  for  the  supply  of  the  brewery  is  stored  in  vast  granaries  or  malt-lofts, 
usually  situated  in  the  upper  part  of  the  buildings.  Of  these,  we  have  been  able  to 
represent  only  one,  at  a,  /jr.  265  :  the  others,  which  are  supposed  to  be  on  each  side 
of  it,  cannot  be  seen  in  this  view.  Immediately  beneath  the  granary  a,  on  the  ground 
floor,  is  the  mill;  in  the  upper  storey  above  it,  are  two  pairs  of  rollers  {fig.  265,  267, 
and  268)  under  a  a,  for  bruising  or  crushing  the  grains  of  the  malt.  In  the  floor 
beneath  the  rollers  are  the  mill-stones  b  b,  where  the  malt  is  sometimes  ground,  instead 
of  being  merely  bruised  by  passing  between  the  rollers,  under  a  a.  ^  ,  ^    ^  , 

The  malt  when  prepared,  is  conveyed  by  a  trough  into  a  chest  d,  to  the  left  ot  6, 
from  which'it  can  be  elevated  by  the  action  of  a  spiral  screw,  fig.  269,  enclosed  in 
the  sloping  tube  e,  into  the  large  chest  or  binn  b,  for  holding  ground  malt,  situated 
immediately  over  the  mash-tun  d.  The  mash-tan  is  a  large  circular  tub  with  a  double 
hottom ;  the  uppermost  of  which  is  called  a  false  bottom,  and  is  pierced  with  many 
holes.  There  is  a  space  of  about  2  or  3  inches  between  the  two  into  which  the  stop- 
cocks enter,  for  letting  in  the  water  and  drawing  off  the  wort.  The  holes  of  the  false 
bottom  if  of  wood,  should  be  burned,  and  not  bored,  to  prevent  the  chance  of  their 
fillinff  up  by  the  swelling  of  the  wood,  which  would  obstruct  the  drainage  :  the 
holes  should  be  conical,  and  largest  below,  being  about  Jths  of  an  inch  there,  and  Jth 
at  the  upper  surface.  The  perforated  bottom  must  be  fitted  truly  to  the  Bides  of  the 
mash-tun  so  that  no  grains  may  pass  through.  The  mashed  liquor  is  let  off  into  a 
arge  Sck,  from  which  it  is  puiped  into  the  wort  coppers.  The  mash-tun  is  p  o - 
vided  with  a  peculiar  rotatory  apparatus  for  agitating  the  crushed  grams  and  water 
^^gethrr  which  we  shall  presently  describe.  The  size  of  the  wort  copper  is  pro- 
iort  ona  To  the  amount  of  the  brewing,  and  it  must,  in  general,  be  at  least  so  large 
as  to  operate  upon  the  whole  quantity  of  wort  made  from  one  mashmg;  that  is,  for 
everv  quLr  er  of  malt  mashed,  the  copper  should  contain  140  gallons.  The  mash-tun 
S  to  be  at  least  a  third  la;ger,  and  of  a  conical  form,  somewhat  wider  below  than 
S!  ThP  malt  is  reserved  in  this  binn  till  wanted,  and  it  is  then  let  down  mto 
the  mashTng-tun  ihereTe  e^^^^^^^^  is  obtained  by  hot  water  supplied  from  the  copper 

Trwattr  fofthls^rvice  of  the  brewery  is  obtained  from  the  well  e,  seen  beneath 
thp  mill  to  the  rieht  by  a  lifting  pump  worked  by  the  steam  engine  ;  and  the  forcing- 
nbcTof  tWs  p^p  conveys  the  water  up  to  the  large  reservoir  or  water-back  f  placed 
o  '  wf  L  of  threLine-house.  From  this  cistern,  iron  pipes  are  laid  to  the  copper  o 
at  the  top  .        ,    to  e^ery  part  of  the  establishment  where 

'^Tb^^^'ath'atls'J'b^tiru       wTeh  £  "P  ^^^^^  ^ 

duced  beneath  a  false  bottom  up^^^       saccharine  matter  from  the  malt;  a  greater 

holes  in  the  false  l'°"°"';*„^;'t*^^/  to  circumstances.    The  instant 

or  less  time  being  ^^^^r^l^Ve  eonper  fr^  ^'^ 

the  water  is  drawn  oft  from  ""^^^^^^^^X^^^  copper  must  not  be  left  empty  for 
ready  for  boiling  the  second  "'^f '^JXTre  its  l^ottom.    For  the 

a  moment,  otherwise  the  mtense      '  °f  ^.itl  fill  the  lower  part  of 

convenience  of  thus  letting  down  at  onoL  ^  .  ^j^^  ^ 

ODPer,  as  seen  in 

the  copp=r,  «  pan  or  SKO.d  '"J"  »  .  cc.ii.rablc  dofr™ 

every  part  to  the  action  of  the  water,    inis  is  aom. 
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the  mash-tun,  which  is  put  in  motion  by  a  horizontal  shaft  above  it,  h,  leading  from 
the  mill.    The  mash  machine  is  shown  separately  in  Jig.  270.    When  the  operation  of 
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situated  always  on  a  lower  level,  for  which  i-eason  it  has  received  this  name.    Here  the 
wort  does  not  remain  longer  than  is  necessary  to  drain  off  the  whole  of  it  from  the  tun 
above.    It  is  then  pumped  up  by  the  three-barrelled*^ump  h,  into  the  pan  upon  the 
top  of  the  copper,  hy  a  pipe  which  cannot  be  seen  in  this  section.    The  wort  remains 
in  the  pan  until  the  water  for  the  succeeding  mashes  is  discharged  from  the  copper. 
But  this  delay  is  no  loss  of  time,  because  the  heat  oi  the  copper,  and  the  steam  arising 
from  it,  pi'epare  the  wort,  which  had  become  cooler,  for  boiling.    The  instant  the 
copper  is  emptied,  the  first  wort  is  let  down  from  the  pan  into  the  copper,  and  the 
second  wort  is  pumped  up  from  the  under-back  into  the  upper  pan.    The  proper  pro- 
portion of  hops  is  thrown  into  the  copper  thi'ough  the  near  hole,  and  then  the  door 
is  shut  down  and  screwed  fast,  to  keep  in  the  steam,  and  cause  it  to  rise  up  through 
pipes  into  the  pan.    It  is  thus  forced  to  blow  up  through  the  wort  in  the  pan,  and 
communicates  so  much  heat  to  it,  or  to  water,  called  liquor  hy  the  brewers,  that  either  is 
brought  near  to  the  boiling  point.    The  different  worts  succeed  each  other  through 
all  the  different  vessels  with  the  greatest  regularity,  so  that  there  is  no  loss  of  time, 
but  every  part  of  the  apparatus  is  constantly  employed.    When  the  ebullition  has 
continued  a  sufficient  period  to  coagulate  the  grosser  part  of  the  extract,  and  to  evapo- 
rate part  of  the  water,  the  contents  of  the  copper  are  run  off  through  a  large  cock  into 
the  jiich-hack  k,  below  g,  which  is  a  vessel  of  sufiicient  dimensions  to  contain  it,  and 
provided  with  a  bottom  of  cast-iron  plates,  perforated  with  small  holes,  through  which 
the  wort  drains  and  leaves  the  hops.    The  hot  wort  is  drawn  off  from  the  jack-back 
through  the  pipe  h  by  the  three-barrelled  pump,  which  throws  it  up  to  the  coolers 
L  L  L ;  this  pump  being  made  with  different  pipes  and  cocks  of  communication,  to 
serve  all  the  purposes  of  the  brewery  except  that  of  raising  the  cold  water  from  the 
well     The  coolers,  l  l  l.  are  very  shallow  vessels,  built  over  one  another  in  several 
stao-es  •  and  that  part  of  the  building  in  which  they  are  contained  is  built  with  lattice- 
work or  shutter  flaps,  on  all  sides  to  admit  free  currents  of  air.    When  the  wort  is 
sufficiently  cooled  to  be  put  to  the  first  fermentation,  it  is  conducted  m  pipes  from  all 
the  different  coolers  to  the  large  fermenting  vessel  or  gyle-tun  M,  which,  with  another 
similar  vessel  behind  it,  is  of  sufficient  capacity  to  contain  all  the  beer  of  one  day  s 

Whraever  the  first  fermentation  is  concluded,  the  beer  is  drawn  off  from  the  great 
fermenting  vessel  m,  into  the  small  fermenting  casks  or  cleansing  vessels  n,  of  which 
there  are  a  great  number  in  the  brewery.  They  are  placed  four  together,  and  to  each 
four  a  common  spout  is  provided  to  carry  off  the  yeast,  and  conduct  it  into  the  troughs 
u  nlaced  beneath.  In  these  cleansing  vessels  the  beer  remains  till  the  fermentation 
is'  completed  ;  and  it  is  then  put  into  the  store-vats,  which  are  casks  or  tuns  of  an 
imm^se  size,  where  it  is  kept  till  wanted,  and  is  finally  drawn  off  into  ^>arrels,  and 
sent  away  from  the  brewery.  The  store-vats  are  not  represented  m  the  figure  :  thej 
are  of  a^conical  shape,  and  of  different  dimensions,  from  fifteen  to  twenty  feet 
diameter,  and  usually  from  fifteen  to  twenty  feet  in  depth.  The  steam  engine,  which 
^utn  1  the  machine  in  motion,  is  exhibited  in  its  place  on  the  r.ght  side  of  the  figure. 
K  the  axis  of  the  large  flv- wheel  is  a  bevelled  spur-wheel,  which  turns  another 
Smi  ar  wheel  upon  the^end  of  a  horizontal  shaft,  which  extends  from  the  eng.ne- 
Luse  to  the  great  horse-wheel,  set  in  motion  by  means  of  a  spur-wheel.  The  horse- 
wheel  dr^es  all  the  pinions  for  the  miU-stones  b  b,  and  also  the  horizontal  axis 
rZl\  th\  three-barrelled  pump  k.  The  rollers  a  a  are  turned  by  a  bevel 
:S  upon  he  Vper  Ld  o^^^^^^^^  'f  the  horse-wheel,  which  is  prolonged  for  that 
Turpte  and  the  horizontal  shaft  h,  for  the  mashing  engine,  is  driven  by  a  pa  r  of 
purpose  ,  ana  likewise  a  sack-tackle,  which  is  not  represented.    It  is  a 

-Idom  any  -^-e  lir/S^Lng-house  at  the  brewery  of  Messrs.  Whit- 

Fig.  266  >sa  lepresentation  01  [    7  ^  one  of  the  most  complete  in 

bread  and  Company  Chiswell  S^eet  l-onaon,  Ricliardson,  who 

its  arrangement  m  the  world:  it  was        ea  aite        y  considered  as 

conducts  the  ^-wing  at  those  .orks  The  whole  of  >,J6  ^^^.^ 
devoted  to  the  same  object  as  the  laige  ve  se  ^^^^  ^^^^ 
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another  branch  71  n  proceeds,  and  returns  to  the  original  pipe  f,  with  a  cock  to  regulate 
it.  The  object  of  this  arrangement  is  to  make  all,  or  any  part,  of  the  cold  water  flow 
through  the  pipe  x  .r,  which  surrounds  tlie  pipe  r,  formed  only  of  thin  copper,  and 
thus  cool  the  wort  passing 
through  the  pipe  r,  until  it  is 
found  by  the  thermometer  to 
have  the  exact  temperature 
which  is  desirable  before  it  is 
put  to  ferment  in  the  great 
square  ji.  By  means  of  the 
cocks  at  n  and  p,  the  quantity 
of  cold  water  passing  over  the 
surface  of  the  pipe  r  can  be 
regulated  at  pleasure,  whereby 
the  heat  of  the  wort,  when  it 
enters  into  the  square,  may  be 
adjusted  within  half  a  degree. 

When  the  first  fermentation 
in  the  squares  si  si  is  finished, 
the  beer  is  drawn  off  from  them 
by  pipes  marked  v,  and  con- 
ducted by  its  branches  w  w  w, 
to  the  different  rows  of  fer- 
menting-tuns,    marked    n  n, 
which  occupy  the  greater  part 
of  the  building.    In  the  hollow 
between  every  two  rows  are 
placed  large  troughs,  to  con- 
tain the  yeast  which  they  throw 
off.   The  figure  shows  that  the 
small  tuns  are  all  placed  on  a 
lower  level  than  the  bottom  of 
the  great  vessels  si,  so  that  the 
beer  will  flow  into  them,  and, 
by  hydrostatic  equilibrium,  will 
fill  them  to  the  same  level, 
When  they  are  filled,  the  com- 
munication-cock is  shut ;  but, 
as  the  working  off  the  yeast 
diminishes  the  quantity  of  beer 
in  each  vessel,  it  is  necessary 
to  replenish  them  from  time 
to  time.    For  this  purpose,  the 
two  large  vats  o  o  are  filled 
from  the  great  squares  si  ii, 
before  any  beer  is  drawn  off 
into  the  small  casks  n,  and  this 
quantity  of  beer  is  reserved  at 
the  higher  level  for  filling  up. 
The  two  vessels  o  o  are,  in 
reality,  situated  between  the 
two  squares  si  sij  but  I  have 
been  obliged  to  place  them  thus 
in  the  section,  in  order  that 
they  may  be  seen.    Near  each 
filling-up  tun  o  is  a  small  cis- 
tern t  communicating  with  the 
tun  o  by  a  pipe,  which  is  closed 
by  a  float-valve.    The  small 
cisterns  <  are  always  in  commu- 
nication with  the  pipes  which 
lead  to  the  small  fermenting 
vessels  N;  and  therefore  the 
surface  of  the  beer  in  all  the 
tuns,  and  in  the  cisterns,  will 
always  be  at  the  same  level  • 


F  F  2  filling-up  tuns 
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o,  to  restore  the  surfaces  of  the  beer  in  all  the  tuns,  and  also  in  the  cistern  t,  to  the 
original  level.  In  order  to  carry  off  the  yeast  which  i^produced  by  the  fermentation  of 
the  beer  in  the  tuns  o  o,  a  conical  iron  dish  or  funnel  is  made  to  float  upon  the  surface  of 
the  beer  which  they  contain ;  and  from  the  centre  of  this  funnel  a  pipe,  o,  descends,  and 
passes  through  the  bottom  of  the  tun,  being  packed  with  a  collar  of  leather,  so  as  to  be 
water-tight ;  at  the  same  time  that  it  is  at  liberty  to  slide  down,  as  the  surface  of  the  beer 
descends  in  the  tun.  The  yeast  flows  over  the  edge  of  this  funnel-shaped  dish,  and  is 
conveyed  down  the  pipe  to  a  trough  beneath. 

Beneath  the  fermenting-house  are  large  arched  vaults,  p,  built  with  stone,  and  lined 
with  stucco.  Into  these  the  beer  is  let  down  in  casks  when  sufficiently  fermented,  and 
is  kept  in  store  till  wanted.  These  vaults  are  used  at  Mr.  Whitbread's  brewery,  instead 
of  the  great  store-vats  of  which  we  have  before  spoken,  and  are  in  some  respects  pre- 
ferable, because  they  preserve  a  great  equality  of  temperature,  being  beneath  the  surface 
of  the  earth. 

The  kiln-dried  malt  is  sometimes  ground  between  stones  in  a  common  corn  mill,  like 
oatmeal ;  but  it  is  more  generally  crushed  between  iron  rollers,  at  least  for  the  purpose 
of  the  London  brewers. 

The  Crushing  Mill. — The  cylinder  malt-mill  is  constructed  as  shown  in  Jigs.  267,  268. 
1  is  the  sloping-trough,  by  which  the  malt  is  let  down  from  its  bin  or  floor  to  the 
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c 


m 
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hopper  A  of  the  mill,  whence 
it  is  progressively  shaken  in 
between  the  rollers  b  d.  The 
rollers  are  of  iron,  truly  cylin- 
drical, and  their  ends  rest  in 
bearers  of  hard  brass,  fitted  into 
the  side  frames  of  iron.  A  screw 
E  goes  through  the  upright, 
and  serves  to  force  the  bearer 
of  the  one  roller  towards  that  of 
the  other,  so  as  to  bring  them 
closer  together  when  the  crush- 
ing effect  is  to  be  increased.  G 
is  the  square  end  of  the  axis, 
by  which  one  of  the  rollers 
may  be  turned  either  by  the 

 hand  or  by  power ;  the  other 

derives  its  rotatory  motion  from  a  pair  of  equal-toothed  wheels  h,  which  are  fitted  to 
the  other  end  of  the  axes  of  the  roUers.  d  is  a  catch  which  works  into  the  teeth  of 
a  ratchet-wheel  on  the  end  of  one  of  the  rollers  (not  shown  m  this  view).  The  lever 
c  strikes  the  trough  b  at  the  bottom  of  the  hopper,  and  gives  it  the  shakmg  motion  for 
discharging  the  malt  between  the  roUers,  from  the  side  sluice  a.  ee,fig.  267,  are 
scraper-plates  of  sheet  iron,  the  edges  of  which  press  by  a  weight  against  the  surfaces 
of  the  rollers,  and  keep  them  clean. 

Instead  of  the  cylinders,  some  employ  a  crushing  miU  of  a  conical-grooved  form, 
like  a  coffee  miU  upon  a  large  scale.  ,  .      .    ,  , 

Fia  269  is  the  screw  by  which  the  ground  or  bruised  malt  is  raised  up,  or  conveyed 
from  one  part  of  the  brewery  to  another,  k  is  an  inclined  box  or  trough,  in  the  centre 
of  which  the  axis  of  the  screw  h  is  placed  ;  the  spiral  iron  plate  or  worm,  whicb  is 
fixed  proiecting  from  the  axis,  and  which  forms  the  screw,  is  made  very  nearly  to 
M  the  inside  ff  the  box.  By  this  means,  when  the  screw  is  turned  round  by  the 
wheels  E        by  any  other  means,  it  raises  up  the  malt  from  the  box  d,  and  dehvers  it 

ThisSwis  equally  applicable  for  conveying  the  malt  horizontally  in  the  trough  k, 
as  Intingly^  and  simifar  machines  are  employ.ed  in  various  parts  of  breweries  for  con- 

to- 
round 

bvmekns'oflhe  hevelled  wheels  <"u  at  the  top.  Tc  are  two  arms  projecting  from 
?hat  axL  and  supporting  the  short  vertical  axis  d  of  the  spur-wheel  x,  which  s 
tSrLd  by  the  s^ur-'wheefu,;  so  that,  when  the  central  axis  '^-^^^  ]° /^J^^^^^^^^^^^ 
will  carry  the  thick  short  axle  d  round  the  tun  in  a  circle.  That  ^^J^  ^ '^f«7'£ 
with  a  number  of  arms,  ee,  which  have  blades  placed  "^jXt^alUn  tL^tur and  give 
motion  When  the  axis  is  turned  round,  these  arms  agitate  the  malt  in  the  tun,  ana  g 
it  a  constant  tendency  to  rise  upwards  from  the  bottom 

The  motion  of  the  axle  d  is  produced  by  a  ^''^eel,  -^j  on  the  up^^^^  t.inis  freely  round 
turned  by  a  wheel,  ^o,  fastened  on.the  m^iddle^^the Ju^  \\:i'fVT^lU  wheel  o. 


The  motion  of  the  axle  d  is  produced  by  a. 

istened  on  the  middk 
Upon  a  higher  point  of  the  same  tube  b 


upon  its  central  axis. 


IS  a 
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receiving  motion  from  a  bevel  wheel  g,  fixed  upon  the  end  of  the  horizontal  axis  n  n, 
■which  gives  motion  to  the  whole  machine.    This  same  axis  has  a  pinion  p  upon 


By  these  means,  the  rotation  of  the  central  aiti-Q  h  w;ii  Ko 

n,ot,on  of  the  axle  d;  for  the  latter  ^1  mike  "event  en  or'eT.h^^  compared  with  the 
own  axis  in  the  same  space  of  time  th-it  will  t!f  "  ^  eighteen  revolutions  on  its 
motion  of  the  shaft  b.  Auhe  bTrinninV  J 1  '""''^  """""d  the  tun  by  the 
made  to  turn  with  a  slow  motion  ^bu  ff^r  5^  -P"'"'"'"  °^  ^'^^  machine  is 

lution.  it  is  driven  quickeT To;  th^  pulnose "^^^ 
motion  to  the  machine,  has  two  bLel  wS  1V  J xed       '"^^^^^        ^^^icl^  gives 
upon  a  centra,  shaft.  These  .heels  actu^Ih^eV^^fe  rupo^Ve^JuV^f^^^ 
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horizontal  shaft  n  n ;  but  the  distance  between  the  two  wheels  h  and  i  is  such  that  tbey 
cannot  be  engaged  both  at  once  with  the  wheels  m  aWd  o;  but  tlie  tube  fg,  to  which 
tlu-y  are  fixed,  is  capable  of  sliding  up  and  down  on  its  central  axis  sufficiently  to  bring 
either  wheel  h  or  i  into  gear  with  its  corresponding  wheel  o  or  m,  upon  the  horizontal 
siuiFt;  and  as  the  diameters  of/i  o  and  i  m  are  of  very  different  proportions,  the  velocity 
of  the  motion  of  the  machine  can  be  varied  at  pleasure,  by  using  one  or  other.  It  and 
k  are  two  levers,  which  are  forked  at  their  extremities,  and  embrace  collars  at  the  ends 
of  the  tube/j?.  These  levers  being  united  by  a  rod,  /,  the  handle  h  gives  the  means  of 
moving  the  tube/^,  and  its  wheels  hi,  up  or  down,  to  throw  either  the  one  or  the 
other  wheel  into  gear. 

Fkjs.  271,  272  represent  the  copper  of  a  London  brewery.  Fig.  271  is  a  vertical  sec- 
tion ;  fuj.  272,  a  ground  plan  of  the  fire-grate  and  flue,  upon  a  smaller  scale :  a  is  the  close 
copper  kettle,  having  its  bottom  convex  within ;  h  is  the  open  pan  placed  upon  its  top. 
From  the  upper  part  of  the  copper,  a  wide  tube,  c,  ascends,  to  carry  off  the  steam  gene- 
rated during  the  ebullition  of  the  wort,  which  is  conducted  through  four  downwards- 
slanting  tubes,  dd  (two  only  are  visible  in  this  section),  into  the  liquor  of  the  pan  6,  in 
order  to  warm  its  contents.  A  vertical  iron  shaft  or  spindle,  e,  passes  down  through  the 
tube  c,  nearly  to  the  bottom  of  the  copper,  and  is  there  mounted  with  an  iroh  arm,  called 
n  rotiser,  which  carries  round  a  chain  hung  in  loops,  to  prevent  the  hops  from  adhering  to 
the  bottom  of  the  boiler.  Three  bent  stays,/,  are  stretched  across  the  interior,  to  support 
the  shaft  by  a  collet  at  their  middle  junction.   The  shaft  carries  at  its  upper  end  a  bevel 


wheel,  a,  working  into  a  bevel  pinion  upon  the  axis  k,  which  may  be  turned  either  by 
power  or  by  hand.  The  rouser  shaft  may  be  lifted  by  means  of  the  chain  i,  which,  going 
over  two  pulleys,  has  its  end  passed  round  the  wheel  and  axle  A,  and  is  turned  by  a 
winch:  Hs  a  tube  for  conveying  the  waste  steam  into  the  chimney  »i. 

The  heat  is  applied  as  follows  :  —  For  heating  the  colossal  coppers  of  the  London 
breweries,  two  separate  fires  are  required,  which  are  separated  by  a  narrow  wall  of 
brickwork,  n.  Jigs.  27 1,  272.  The  dotted  circle  a'  a',  indicates  the  lfi';8";^t  ^^^-^^^^^^^^ 
rence  of  the  Copper,  and  b'  b'  its  bottom  ;  o  o  are  the  grates  upon  ^v^'ch  the  cmils  a  c 
thrown,  not  through  folding  doors  (as  of  old),  but  through  a  short  s';}"  "S  '  °"  ^^^^^ 
shown  ^tp,  fig.^n,  built  in  the  wall,  and  kept  constantly  hllcd  with  -'""'^^^^^^ 
to  excludftbe  air.    Thus  the  low  stratum  of  coals  gets  igmted  before  it  reaches  the 
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grate.  Above  the  hopper  p,  a  narrow  channtl  is  provided  for  the  admission  of  at- 
mospherical air,  in  such  quantity  merely  as  may  be  requisite  to  complete  the  com- 
bustion of  the  smoke  of  the  coals.  Behind  each  grate  there  is  a  fire  bridge,  r,  which 
reflects  the  tlame  upwards,  and  causes  it  to  play  upon  the  bottom  of  the  copper.  Tlie 
burnt  air  then  passes  round  the  copper  in  a  semicircular  flue,  s  s,  from  which  it  flows 
off  into  the  chimney  m,  on  whose  under  end  a  sliding  damper-plate,  t,  is  placed,  for  tem- 
pering the  draught.  When  cold  air  is  admitted  at  this  orifice,  the  combustion  of  the 
fuel  is  immediately  checked.  There  is,  besides,  another  slide-plate  at  the  entrance  of 
the  slanting  flue  into  the  vertical  chimney,  for  regulating  the  play  of  the  flame  under 
and  around  the  copper.  If  the  plate  t  be  opened,  and  the  other  plate  shut,  the  power 
of  the  fire  is  suspended,  as  it  ought  to  be,  at  the  time  of  emptying  the  copper.  Imme- 
diately over  the  grate  is  a  brick  arch,  «,  to  protect  the  front  edge  of  the  copper  from 
the  first  impulsion  of  the  flame.  The  chimney  is  supported  upon  iron  pillars,  v  v;  w 
is  a  cavity  closed  with  a  slide-plate,  through  which  the  ashes  may  be  taken  out  from 
behind,  by  means  of  a  long  iron  hook. 

Having  thus  given  the  general  plan  and  requisites  for  a  brewery  on  a  large  scale, 
we  need  scarcely  say  those  arrangements  will  vary  in  every  establishment,  according 
to  the  requirements  and  facilities  of  the  locality,  and  the  various  modes  of  operation. 

The  first  necessity  is  a  plentiful  supply  of  pure  water,  which  it  should  be  the  chief 
aim  in  all  arrangements  to  render  available  at  the  least  labour  and  cost,  as  on  its 
proper  and  judicious  application  greatly  depends  the  regulation  of  the  temperature  in 
the  various  operations ;  and  the  most  scrupulous  cleanliness  in  every  part  is  of  the 
utmost  importance. 

The  fermenting  rooms  and  the  store  cellars  should  be  placed  below  the  ground  level, 
for  the  purpose  of  attaining  a  low  and  equable  temperature  ;  and  for  this  purpose  also 
the  double  stone  fermenting  square  is  highly  esteemed.  It  consists  of  an  inner  cubical 
vessel,  containing  from  15  to  30  barrels;  each  side  formed  by  one  slab  of  fine  slate. 
This  is  placed  in  an  exterior  square  or  shell  of  inferior  stone,  leaving  a  space  between 
the  inner  and  outer  squares,  which  can  be  filled  with  hot  or  cold  water  at  pleasure. 
The  inner  or  fermenting  square  has  a  man-hole,  with  a  raised  rim,  in  the  slab  form- 
ing the  top,  on  which  also  are  raised  four  other  fine  slate  slabs,  which  form  a  cistern 
for  the  expansion  and  overflow  of  the  beer  and  yeast  during  the  progress  of  the  fer- 
mentation, and  from  which  the  yeast  is  readily  removed  at  its  close. 

The  processes  of  brewing  may  be  classed  under  three  heads— 'the  mashing,  the 
boding,  and  the  fermentation. 

For  the  principles  which  should  guide  the  brewer  in  the  conduct  of  these  opera- 
tions, we  refer  to  the  article  Beeb,  where  it  will  be  seen  that  the  ultimate  success  of 
the  entire  series  depends  greatly  on  the  regulation  of  the  temperature,  the  duration 
and  the  proper  management  of  the  initial  process  of  mashing  ' 
With  regard  to  temperature,  the  brewer  must  not  only  regulate  the  heat  of  the  water 
for  the  first  mash  by  the  colour,  age,  and  quality  of  the  malt,  whether  pale,  amber,  or 
brown,  but  he  should  also  mark  the  temperature  of  the  atmosphere  as  influencing  that 
of  he  malt,  and  the  absorption  of  the  heat  by  the  utensils  employed  ;  remarking  that 
well-mellowed  and  brown  malt  wiU  bear  a  higher  mashing  heat  thai  pale  or  newlv- 
dned  and  that  the  best  results  are  produced  when  the  mash  can  be  maintained  al  an 
equable  temperature,  from  160°  to  165°.  "^lamcu  m  an 

The  duration  of  the  mash  must  also  have  reference  to  the  required  qualitv  of  the 

encmg  the  relative  proportions  of  dextrine  and  sugar.  The  following  Table  hv 
Levesque,  will  exemplify  the  foregoing  remarks.  onowmg  aaoie,  by 

The  first  column  gives  the  temperature  of  the  air  at  the  time  of  mashing. 
hH'irZ  jT^''  '^""^^      heat  of  the  water,  the  quantity  used,  and  the  resulting 
ton  nf  .ol.t      ^7,°°''^^'  ^-^^D  let  i^to  the  mash-tun  at  thf 

boihng  point,  and  allowed  to  cool  down,  or  the  vessel  has  been  thoroughly  warmed 
before  the  commencement  of  the  process,  the  heat  may  be  taken  severa[  degrees 

The  third  column  shows  the  time  for  the  standing  of  the  ma^h-  but  this  will  l.« 
"  TLet'ufk  oflr  °f       ^^t'-^^t  required  ' 

mZ^iVlt^-frn^^^^^^  employed  in  mashing,  lays  down  the 

liquor  m^ay  be,  b'ut  should tevTr  exc  ed  ^    "°  tl  hTa  '  of'tir'  °'  f  ^^^'"^ 

'"'rhraua!:;?  t "^^^  nee7ne;efexted,  ^"^"^  ^'^^ 

The  quantity  of  water,  termed  liquor,  to  be  employed  for  mashing,  depends  upc 
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the  greater  or  less  strength  to  be  given  to  the  beer,  but,  in  all  cases,  from  one  barrel 
and  a  half  to  one  barrel  and  three  firkins  is  sufficieiU  for  the  first  stiff  mashing,  but 
more  liquor  may  be  added  after  the  malt  is  thoroughly  -wetted. 

The  grains  of  the  crushed  malt,  after  the  -wort  is  drawn  off,  retain  from  32  to  40 
gallons  of  water  for  every  quarter  of  malt.  A  further  amount  must  be  allowed  for 
the  loss  by  evaporation  in  the  boiling  and  cooling,  and  the  waste  in  fermentation,  so 
that  the  amount  of  liquor  required  for  the  mashing  will,  in  some  instances,  be  double 
that  of  the  finished  beer,  but  in  general  the  total  amount  will  be  reduced  about  one- 
third  during  the  various  processes. 


Table  of  Mashing  Temperatures. 
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169-90 
168-49 
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3-(l0 
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169-88 
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175-00 
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171-76 
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169-00 
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167-44 
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165-28 
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1G3-12 
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-2-00 
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16i;-00 
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163-00 
162-00 
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170-00 
169-19 
168-28 
167-37 
166-46 
105-55 
164-64 
163-73 
162-82 
Kil  91 
161-00 
160-19 
159-28 

H.  M. 

1-00 
1  00 
1-00 
I -00 
1-00 
1-00 
1-00 
1-00 
1-00 
1-00 
0-55 
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Heat  of  the  Tap, 
144°  to  146°. 

Heat  of  the  Tap, 
143°  to  145°. 

Heat  of  the  Tap, 
14-2°  to  144°. 

Heat  of  the  Tap, 
141°  to  143°. 

The  following  example  will  give  an  idea  of  the  proportions  for  an  ordinary  quality 
of  beer. 

Suppose  13  imperial  quarters  of  the  best  pale  malt  be  taken  to  make  1.500  gallons 
of  beer,  the  waste  may  be  calculated  at  near  900  gallons,  or  2400  gallons  of  water 
will  be  required  in  mashing. 

As  soon  as  the  water  in  the  copper  has  attained  the  heat  of  145°  in  summer,  or 
167°  in  winter,  600  gallons  of  it  are  to  be  run  off  into  the  mash-tun  (which  has  pre- 
viously been  well  cleansed  or  scalded  out  with  boiling  water),  and  the  malt  gradually 
but  rapidly  thrown  in  and  well  intermixed,  so  that  it  may  be  uniformly  moistened, 
and  that  no  lumps  remain.  After  continuing  the  agitation  for  about  half  an  hour, 
more  liquor,  to  the  amount  of  450  gallons,  at  a  temperature  of  190°  may  be  carefully 
and  gradually  introduced,  (it  is  an  advantage  if  this  can  be  done  by  a  pipe  inserted 
under  the  false  bottom  of  the  mash-tun,)  the  agitation  being  continued  till  the  whole 
assumes  an  equally  fluid  state,  taking  care  also  to  allow  as  small  a  loss  of  temperature 
as  possible  during  the  operation,  the  resulting  temperature  of  the  mass  being  not  less 
than  143°,  or  more  than  148°.  „      ,  -     .  1, 

The  mash  is  then  covered  close,  and  allowed  to  remam  at  rest  for  an  hour,  or  an 
hour  and  a  half,  after  which  the  tap  of  the  mash-tun  is  gradually  opened,  and  if  the 
wort  that  first  flows  is  turbid,  it  should  be  carefully  returned  into  the  tun  until  it 
runs  perfectly  limpid  and  clear.    The  amount  of  this  first  wort  will  be  about  6/5 

^''Seven  hundred  and  fifty  gallons  of  water,  at  a  temperature  from  180°  to  185°,  may 
pow  be  introduced,  and  the  mashing  operation  repeated  and  continued  until  the  mass 
becomes  uniformly  fluid  as  before,  the  temperature  being  from  160°  to  170  .  It  is 
thengain  covered  and  allowed  to  rest  for  an  hour,  and  the  wort  of  the  first  mash 
hal"n/been  quickly  transferred  from  the  underback  to  the  copper,  and  brought  to  a 
BtaTe  of  ebullition,  the  wort  of  the  second  mash  is  drawn  off  with  similar  precaution 
?nd  addcS  to  A  third  quantity  of  water,  about  600  gallons,  at  a  temperature  of 
^85°  or  VgSllhould  now  he  run  through  the  goods  n  the  mash-tun  by  the  sparg- 
UK  process  ^r  any  means  that  will  allow  the  hot  liquor  to  percolate  through  he 
Lrfins  dbnlacins  and  carrying  down  the  heavier  and  more  valuible  products  of  the 
irrtwo  S  nfs     The  wort  ^s  now  boiled  with  the  hops  from  one  to  two  hours 

ThT  obTect  of  boiling  the  wo\t  is  not  merely  evaporation  and  concentration  but 
exJaction  cL^iin.lnd.  finally,  combination  with  the  hops;  purposes  which  aie 
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better  accomplished  in  a  deep  confined  copper,  by  a  moderate  heat,  than  in  an  open 
shallow  pan  with  a  quick  fire.  The  copper,  being  encased  above  in  brickwork,  retains 
its  digesting  temperature  much  longer  than  the  pan  could  do.  The  waste  steam  of 
the  close  kettle,  moreover,  can  be  economically  employed  in  communicating  heat  to 
water  or  weak  worts;  whereas  the  exhalations  from  an  open  pan  would  prove  a 
nuisance,  and  would  need  to  be  carried  otF  by  a  hood.  The  boiling  has  a  four-fold 
efiect :  1,  it  concentrates  the  wort ;  2,  during  the  earlier  stages  of  heating,  it  converts 
the  starch  into  sugar,  dextrine,  and  gum,  by  means  of  the  diastase;  3,  it  extracts  the 
substance  of  the  hops  diffused  through  the  wort;  4,  it  coagulates  the  albuminous 
matter  present  in  the  grain,  or  precipitates  it  by  means  of  the  tannin  of  the  hops. 

The  degree  of  evaporation  is  regulated  by  the  nature  of  the  wort  and  the  quality 
of  the  beer.  Strong  ale  and  stout,  for  keeping,  require  more  boiling  than  ordinary 
porter  or  table-beer  brewed  for  immediate  use.  The  proportion  of  the  water  carried 
off  by  evaporation  is  usually  from  a  seventh  to  a  sixth  of  the  volume.  The  hops  are 
introduced  at  the  commencement  of  the  process.  They  serve  to  give  the  beer  not 
only  a  bitter  aromatic  taste,  but  also  a  keeping  quality,  or  they  counteract  its  natural 
tendency  to  become  sour — an  effect  partly  due  to  the  precipitation  of  the  albumen  and 
starch,  by  their  resinous  and  tanning  constituents,  and  partly  to  the  antifermentable 
properties  of  their  lupuline,  bitter  principle,  ethereous  oil,  and  resin.  In  these  re- 
spects, there  is  none  of  the  bitter  plants  which  can  be  substituted  for  hops  with  ad- 
vantage For  strong  beer,  powerful  fresh  hops  should  be  selected ;  for  weaker  beer 
an  older  and  weaker  article  will  suffice. 

The  stronger  the  hops  are,  the  longer  time  they  require  for  extraction  of  their 
virtues ;  for  strong  hops,  an  hour  and  a  half  or  two  hours'  boiling  may  be  proper;  for 
a  weaker  sort,  half  an  hour  or  an  hour  may  be  sufficient;  but  it  is  never  advisable  to 
push  this  process  too  far,  lest  a  disagreeable  bitterness,  without  aroma,  be  imparted  to 
the  beer.  In  some  breweries,  it  is  the  practice  to  boil  the  hops  with  a  part  of  the 
wort,  and  to  filter  the  decoction  through  a  drainer,  called  the  jack  hop-back.  The 
proportion  of  hops  to  malt  is  very  various  ;  but,  in  general,  from  U  lbs.  to  U  lbs.  of 
the  former  are  taken  for  100  lbs.  of  the  latter  in  making  good  table-beer.  For  porter 
and  strong  ale,  2  lbs.  of  hops  are  used,  or  even  more  ;  for  instance,  from  2  lbs.  to  2  J-  lbs 
of  hops  to  a  bushel  of  malt,  if  the  beer  be  destined  for  the  consumption  of  India"^ 

During  the  boihng  of  the  two  ingredients,  much  coagulated  albuminous  matter  in 
various  states  of  combination,  makes  its  appearance  in  the  liquid,  constituting  what  is 
called  t}ie  breaking  or  curdling  of  the  wort,  when  numerous  minute  flocks  are  seen 
floating  in  it.  The  resinous,  bitter,  and  oily- ethereous  principles  of  the  hops  combine 
with  the  sugar  and  gum,  or  dextrine  of  the  wort;  but  for  this  effect  they  require  time 
and  heat ;  showing  that  the  boil  is  not  a  process  of  mere  evaporation,  but  one  of 
chemical  reaction.  A  yellowish-green  pellicle  of  hop-oil  and  resin  appears  upon  the 
surface  of  the  boilmg  wort,  in  a  somewhat  frothy  form :  when  this  disappears,  the 
boiling  IS  presumed  to  be  completed,  and  the  beer  is  strained  off  into  the  cooler  The 
residuary  hops  may  be  pressed  and  used  for  an  inferior  quality  of  beer;  or  they  may 
be  boiled  with  fresh  wort,  and  be  added  to  the  next  brewing  charge  ^ 
After  being  strained  from  the  hops,  by  passing  through  the  false  bottom  of  the 
hop-jack  and  allowed  to  rest  on  the  coolers  a  sufficient  time  to  deposit  the  greatest 
por  >on  of  the  flocks  separated  iu  the  boiling,  the  cooUng  process  is  rapidly  completed 
by  the  action  of  the  Refrigerator  (which  see).  ^  i-ompietea 

The  wort  is  then  ready  for  the  inoculation  of  the  yeast  and  the  commencement  of 

lndl™™IX".!!rwrH.""^^"" 

The  following  statistical  statement  will  represent  the  present  state  of  the  trade  — 

24S  bTewer??nfl"Q/f«f'  '^''^  '""^'^  ^^e  United  i  ngdom 

on  thP  nw  '       91-1^4  ^'ct^allers,  39,555  persons  licensed  to  sell  beer  to  be  drunk 
on  the  premises,  and  2742,  licensed  to  sell  beer,  not  so  to  be  drunk;  25,143  victuallers 
brewed  what , s  not  inaptly  called,  "their  own  beer,"  and  of  the  e  11  999  were ^^^^^ 
lowed  to  sell  it  for  consumption  on  the  nremisps-  91  ^R^^Ar,  i!    i  ,    '  /     ,  ^ 
consumed  by  brewers,  7,164  561  by  vic'uE  2  goAl  S  W  .  r     ""'i'  ""^'^ 

pyfs'ii^L^r^^^ 

licensed;  25,026  victuallers  "brewed  their  own  beer"       P'^^'°'^««'        2765  not  so 

the  city  of  Babylon.    Over  he  r  is  Tf  Bahvlor,  -'^  Scripture,  and  also 

J        v/ver  tne  ruins  ot  Babylon,  and  the  sites  of  the  other  great 
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cities  of  the  ancient  monarchies,  we  still  discover  bricks  of  various  kinds.  Some  are 
merely  sun-dried  masses  of  clay  ;  others  are  well<»burnt ;  and  others,  again,  are 
covered  with  a  vitreous  glaze.  The  Egyptians  were  great  brick-makers,  and'  the 
Romans  were  celebrated  for  their  bricks  and  tiles,  many  of  which  are  most  ingeni- 
ously  manufactured.  In  England,  bricks  do  not  appear  to  have  been  generally  used 
until  the  middle  of  the  i5th  century.  That  portion  of  Lambeth  Palace  known  as 
the  Lollards'  Tower  was  built  in  1454,  and  is  the  most  ancient  existing  brick  build- 
ing in  London.  The  older  portion  of  Hampton  Court,  was  built  in  1514.  These 
two  buildings  may,  therefore,  be  regarded  as  the  oldest  examples  of  our  English 
brick  manufacture. 

The  natural  mixture  of  clay  and  sand,  called  loam,  as  well  as  marl,  which  consists 
of  lime  and  clay  with  little  or  no  sand,  are  the  materials  usually  employed  in  the 
manufacture  of  bricks. 

There  are  few  places  in  this  country  which  do  not  possess  alumina  in  combination 
with  sihca  and  other  earthy  matters,  forming  a  clay  from  which  bricks  can  be  manu- 
factured. That  most  generally  worked  is  found  on  or  near  the  surface  in  a  plastic 
state.  Others  are  hard  marls  on  the  coal  measure,  new  red  sandstone,  and  blue  lias 
formations.  It  is  from  these  marls  that  the  blue  bricks  of  Staffordshire  and  the  fire 
bricks  of  Stourbridge  are  made.  Marl  has  a  greater  resemblance  to  stone  and  rock, 
and  varies  much  in  colour ;  blue,  red,  yellow,  &c.  From  the  greatly  different  and 
varying  character  of  the  raw  material,  there  is  an  equal  difference  in  the  principle  of 
preparation  for  making  it  into  brick ;  while  one  merely  requires  to  be  turned  over  by 
hand,  and  to  have  sufficient  water  worked  in  to  make  it  subservient  to  manual  labour, 
the  fire-clays  and  marls  must  be  ground  down  to  dust,  and  worked  by  powerful  ma- 
chinery, before  they  can  be  brought  into  even  a  plastic  state.  Now  these  various  clays 
also  shrink  in  drying  and  burning  from  1  to  15  per  cent.,  or  more.  This  contraction 
varies  in  proportion  to  the  excess  of  alumina  over  silica,  but  by  adding  sand,  loam,  or 
chaUc,  or  (as  is  done  by  the  London  brick-makers),  by  using  ashes  or  breeze — as  it  is 
technically  called — this  can  be  corrected.  All  clays  burning  red  contain  oxides  of 
iron,  and  those  having  from  8  to  10  per  cent,  burn  of  a  blue,  or  almost  a  black  colour. 
The  bricks  are  exposed  in  the  kilns  to  great  heat,  and  whent  he  body  is  a  fire-clay,  the 
iron,  melting  at  a  lower  temperature  than  is  sufficient  to  destroy  the  bricks,  gives  the 
outer  surface  of  them  a  complete  metallic  coating.  Bricks  of  this  description  are 
common  in  Staffordshire,  and,  when  made  with  good  machinery  (that  is,  the  clay 
being  very  finely  ground),  are  superior  to  any  in  the  kingdom,  particularly  for  docks, 
canal  or  river  locks,  railway-bridges,  and  viaducts.  In  Wolverhampton,  Dudley,  and 
many  other  towns,  these  blue  bricks  are  commonly  employed  for  paving  purposes. 
Other  clays  contain  lime  and  no  iron  ;  these  burn  white,  and  take  less  heat  than  any 
other  to  burn  hard  enough  for  the  use  of  the  builder,  the  lime  acting  as  a  fliix  on  the 
silica.  Many  clays  contain  iron,  and  lime,  with  the  lime  in  excess,  when  the  bricks 
are  of  a  light  dun  colour,  or  white,  in  proportion  to  the  quantity  of  that  earth  present  ; 
if  magnesia,  they  have  a  brown  colour.  If  iron  is  in  excess,  they  burn  from  a  pale 
red  to  the  colour  of  cast  iron,  in  proportion  to  the  quantity  of  metal. 

There  are  three  classes  of  brick  earths  : — 

1st.  Plastic  clay,  composed  of  alumina  and  silica,  in  different  proportions,  and  con- 
taining a  small  per-centage  of  other  salts,  as  of  iron,  lime,  soda,  and  magnesia. 
2nd.  Loams,  or  sandy  clays. 

3rd.  Marls,  of  which  there  are  also  three  kinds ;  clayey,  sandy,  and  calcareous, 
according  to  the  proportions  of  the  earth  of  which  they  are  composed,  viz.,  alumina, 

silica,  and  lime.  ....      ,  i.-  .  • 

Alumina  is  the  oxide  of  the  metal  aluminium,  and  it  is  this  substance  which  gives 
tenacity  or  plasticity  to  the  clay-earth,  having  a  strong  affinity  for  water.  It  is  owing  to 
excess  of  alumina  that  many  clays  contract  too  much  in  drying,  and  often  crack  on 
exposure  to  wind  or  sun.  By  the  addition  of  sand,  this  clay  would  make  a  better 
article  than  we  often  see  produced  from  it.  Clays  contain  magnesia  and  other  earthy 
matters  but  these  vary  with  the  stratum  or  rock  from  which  they  are  composed.  It 
would  be  impossible  to  give  the  composition  of  these  earths  correctly,  for  none  are 
exactly  similar  ;  but  the  following  will  give  an  idea  of  the  proportions  of  the  ingre- 
dients of  a  goodbrick  earth,  silica,  three-fifths ;  alumina,  one-fifth ;  iron, lime,  magnesia, 
manganese,  soda,  and  potash  forming  the  other  one-fifth.  . 

The  clay,  when  first  raised  from  the  mine  or  bed,  is,  m  very  rare  instances,  in  a 
a  state  to  allow  of  its  being  at  once  tempered  and  moulded.  The  material  from 
which  fire-bricks  are  manufactured  has  the  appearance  of  ironstone  and  blue  lias 
limestone,  and  some  of  it  is  remarkably  hard,  so  that  in  this  and  many  other  .■nstances 
in  order  to  manufacture  a  good  article,  it  is  necessary  to  grmd  this  material  down 
into  particles  as  fine  as  possible.  ,  „„  ^^a  cond. 

Large  quantities  of  bricks  are  made  from  the  surface  marls  of  the  new  red  sand 
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stone  and  blue  lias  formations.  These  also  require  thorough  grinding,  but  from  their 
softer  nature  it  can  be  effected  by  less  powerful  machinery. — Chamberlain. 

Recently,  some  very  valuable  fire-bricks  have  been  made  from  the  refuse  of  the 
China  Clay  Works  of  Devonshire.  The  quartz  and  mica  left  after  the  Kaolin  has 
been  washed  out  are  united  with  a  small  portion  of  inferior  clay,  and  made  into  bricks. 
These  are  found  to  resist  heat  well,  and  are  largely  employed  in  the  construction  of 
metallurgical  works.    See  Clay. 

The  general  process  of  brick  making  consists  in  digging  up  the  clay  in  autumn; 
exposing  it,  during  the  whole  winter,  to  the  frost  and  the  action  of  the  air,  turning  it 
repeatedly,  and  working  it  with  the  spade  ;  breaking  down  the  clay  lumps  in  spring, 
throwing  them  into  shallow  pits,  to  be  watered  and  soaked  for  several  days.  The 
next  step  is  to  temper  the  clay,  which  is  generally  done  by  the  treading  of  men  or 
oxen.  In  the  neighbourhood  of  London,  however,  this  process  is  performed  in  a 
horse-mill.  The  kneading  of  the  clay  is,  in  fact,  the  most  laborious  but  indispensable 
part  of  the  whole  business  ;  and  that  on  which,  in  a  great  measure,  the  quality  of  the 
bricks  depends.  All  the  stones,  particularly  the  ferruginous,  calcareous,  and  pyritous 
kinds,  should  be  removed,  and  the  clay  worked  into  a  homogeneous  paste  with  as  little 
water  as  possible. 

Mr.  F.  W.  Simms,  C.  E.,  communicated  to  the  Institution  of  Civil  Engineers,  in 
April  and  May,  1843,  an  account  of  the  process  of  brick-making  for  the  Dover 
railway.  The  plan  adopted  is  called  slop-moulding,  because  the  mould  is  dipped  into 
water  before  receiving  the  clay,  instead  of  being  sanded  as  in  making  sand-stock 
bricks.  The  workman  throws  the  proper  lump  of  clay  with  some  force  into  the 
mould,  presses  it  down  with  his  hands  to  fill  the  cavities,  and  then  strikes  off  the 
surplus  clay  with  a  stick.  An  attendant  boy,  who  has  previously  placed  another 
mould  in  a  water  trough  by  the  side  of  the  moulding  table,  takes  the  mould  just  filled, 
and  carries  it  to  the  floor,  where  he  carefully  drops  the  brick  from  the  mould,  on  its 
flat  side,  and  leaves  it  to  dry  ;  by  the  time  he  has  returned  to  the  moulding  table,  and 
deposited  the  empty  mould  in  the  water  trough,  the  brickmaker  will  have  filled  the 
other  mould  for  the  boy  to  convey  to  the  floor,  where  they  are  allowed  to  dry,  and 
are  then  stacked  in  readiness  for  being  burned  in  clamps  or  kilns.  The  average 
product  is  shown  in  the  following  Table  : 


Force  employed. 

Area  of  Land. 

Duration  of  Season. 

Produce  per  Week. 

Produce  per  Season. 

1  moulder  -"j 
1  temperer  - 
1  wheeler    -  > 
1  carrier  boy 
1  picker  boy  J 

Eoods.  Perches. 
2  14A 

Weeks. 
22 

Bricks. 
16,100 

Bricks. 
354,200 

11  appears  tnat  wnue  tne  produce  m  sand-stock  bricks  is  to  that  of  slop-bricks  in 
the  same  time,  as  30  to  16,  the  amount  of  labour  is  as  7  to  4  ;  while  the  quantity  of 
land,  and  the  cost  of  labour  per  thousand,  are  nearly  the  same  in  both  processes.  The 
quantity  of  coal  consumed  in  the  kiln  was  at  the  rate  of  10  cwt.  8lbs.  per  1000 
bricks  The  cost  of  the  bricks  was  2/.  U.  6d.  per  thousand.  The  slop-made  bricks 
Wi  i^,    F°n    ,  ^^T^""  sand-stock.    Mr.  Bennet  states  that  at  his 

w.=  ^o  nnn^'S,  r!.^^'  °^  s^nd-stock  bricks  moulded  per  day 

was  32,000;  but  that  frequently  so  many  as  37,000,  or  even  50,000,  were  formed 
liJh    1.  m  the  shrinkage  of  his  bricks  was  {f  of  an  inch  upon  10  inches  in 

macSnei V  n  h!'  ^'u         '  '^^"y^-  S™'"^  ol'J«=t«  to  the  use  of 

maciiineiy  in  buck-making,  because  it  causes  economy  only  in  the  moulding,  which 
cons  itutes  no  more  than  about  one-eighth  of  the  total  expense.  ^ 

ihe  principal  machines  which  have  been  worked  for  this  purpose  are  three— 1st 
the  pug-miU  ;  2nd,  the  wash-mill ;  3rd,  the  rolling-miU.  ' 

tion  with^r'lnr.t?'^"'^''''  'T^^^u  Senermy  worked  in  a  vertical  posi- 

tion with  the  large  end  up.  Down  the  centre  of  this  is  a  strono-  revolving  vertical 
shaft,  on  which  are  hung  horizontal  knives,  inclined  at  such  an  angL  as  to  form  nor 

IS  wlshS  to  give  pressure''''"'  '^'""^^       ''^^  °^  "^""-^  P^^^^f'^"^ 

'I'  ^"T  ^"""^  their  revolution, 
any  lumps  of  hard  JSy7^^^^^  Z^^^^^ 


444 


BRICK. 


the  toughest  state  in  wliich  it  can  be  got  by  tempering.  This  mill  is  an  excellent 
contrivance  for  the  purpose  of  working  the  clay,  ffi  combination  with  rollers  -  but 
If  only  one  mill  is  worked,  it  is  not  generally  adopted,  for,  although  it  tempers 
mixes,  and  toughens,  it  does  not  extract  stones,  crush  up  hard  substances  or 
free  the  clay  from  all  matters  injurious  to  the  quahty  of  the  ware  when  ready  for 
market.  This  mill  can  be  worked  by  either  steam,  water,  or  horse-power  ■  but 
It  takes  much  power  in  proportion  to  the  quantity  of  work  which  it  performs 
If  a  brick  is  made  with  clay  that  has  passed  the  pug-mill,  and  contains  stones" 
or  marl  not  acted  on  by  weather,  or  lime-shells  (a  material  very  common  in  clays) 
or  any  other  extraneous  matter  injurious  to  the  brick,  it  is  apparent  from  the 
action  of  this  mill  that  it  is  not  removed  or  reduced.  The  result  is  this  the  bricks 
being  when  moulded  in  a  very  soft  state  of  tempered  material,  or  mud,  considerably 
contract  in  drying,  but  the  stones  or  hard  substances  not  contracting,  cause  the  clay 
to  crack ;  and  even  if  they  should  not  be  sufficiently  large  to  do  this  in  drying,  during 
the  firing  of  the  bricks  there  is  a  stiU  further  contraction  of  the  clay,  and  an  expan- 
sion of  the  stone  from  the  heat  to  which  it  is  subjected,  and  the  result  is  generally  a 
faulty  or  broken  brick,  and  on  being  drawn  from  the  kihis,  the  bricks  are  found  to  be 
imperfect. 

The  earth,  being  sufiBclently  kneaded,  is  brought  to  the  bench  of  the  moulder,  who 
works  the  clay  into  a  mould  made  of  wood  or  iron,  and  strikes  off  the  superfluous 
matter.  The  bricks  are  next  delivered  from  the  mould,  and  ranged  on  the  ground  ; 
and  when  they  have  acquired  sufficient  firmness  to  bear  handling,  they  are  dressed 
with  a  knife,  and  staked  or  built  up  in  long  dwarf  walls,  thatched  over,  and  left  to 
dry.    An  able  workman  wiU  make,  by  hand,  5000  bricks  in  a  day. 

The  different  kinds  of  bricks  made  in  England  are  principally  joface  bricks,  grey  and 
red  stocks,  marl  facing  bricks,  and  cutting  bricks.  The  place  bricks  and  stocks  are  used 
in  common  walling.  The  marls  are  made  in  the  neighbourhood  of  London,  and  used 
in  the  outside  of  buildings,  they  are  very  beautiful  bricks,  of  a  fine  yellow  colour, 
hard,  and  well  burnt,  and,  in  every  respect,  superior  to  the  stocks.  The  finest  kind 
of  marl  and  red  bricks,  called  cutting  bricks,  are  used  in  the  arches  over  windows 
and  doors,  being  rubbed  to  a  centre,  and  gauged  to  a  height. 

Bricks,  in  this  country,  are  generally  baked  either  in  a  clamp  or  in  a  kiln.  The 
latter  is  the  preferable  method,  as  less  waste  arises,  less  fuel  is  consumed,  and  the 
bricks  are  sooner  burnt.  The  kiln  is  usually  13  feet  long,  by  10^  feet  wide,  and  about 
12  feet  in  height.  The  walls  are  one  foot  two  inches  thick,  carried  up  a  little  out  of 
the  perpendicular,  inclined  towards  each  other  at  the  top.  The  bricks  are  placed  on 
flat  arches,  having  holes  left  in  them  resembling  lattice-work ;  the  kUn  is  then 
covered  with  pieces  of  tiles  and  bricks,  and  some  wood  put  in,  to  dry  them  with  a 
gentle  fire. 

This -continues  two  or  three  days  before  they  are  ready  for  burning,  which  is  known 
by  the  smoke  turning  from  a  darkish  colour  to  semi-transparency.  The  mouth  or  mouths 
of  the  kiln  are  now  dammed  up  with  a  s/iinZo^,  which  consists  of  pieces  of  bricks  piled  one 
upon  another,  and  closed  with  wet  brick  earth,  leaving  above  it  just  room  sufficient 
to  receive  a  fagot.  The  fagots  are  made  of  furze,  heath,  brake,  fern,  &c.,  and  the 
kiln  is  supplied  with  these  until  its  arches  look  white,  and  the  fire  appears  at  the  top; 
upon  which  the  fire  is  slackened  for  an  hour,  and  the  kiln  allowed  gradually  to  cool. 
This  heating  and  cooling  is  repeated  until  the  bricks  are  thoroughly  burnt,  which  is 
generally  done  in  48  hours.    One  of  these  kilns  will  hold  about  20,000  bricks. 

Clamps  are  also  in  common  use.  They  are  made  of  the  bricks  themselves,  and 
generally  of  an  oblong  form.  The  foundation  is  laid  with  place  brick,  or  the  driest 
of  those  just  made,  and  then  the  bricks  to  be  burnt  are  built  up,  tier  upon  tier,  as 
high  as  the  clamp  is  meant  to  be,  with  two  or  three  inches  of  breeze  or  cinders 
strewed  between  each  layer  of  bricks,  and  the  whole  covered  with  a  thick  stratum  of 
breeze.  The  fire-place  is  perpendicular,  about  three  feet  high,  and  generally  placed 
at  the  west  end ;  and  the  flues  are  formed  by  gathering  or  arching  the  bricks  over,  so 
as  to  leave  a  space  between  each  of  nearly  a  brick  wide.  The  flues  run  straight 
through  the  clamp,  and  are  filled  with  wood,  coals,  and  breeze,  pressed  closely  to- 
gether. If  the  bricks  are  to  be  burnt  off  quickly,  which  may  be  done  in  20  or  30 
days,  according  as  the  weather  may  suit,  the  flues  should  be  only  at  about  six  feet 
distance  ;  but  if  there  be  no  immediate  hurry,  they  may  be  placed  nine  feet  asunder, 
and  the  clamp  left  to  burn  off  slowly. 

The  following  remarks  by  Mr.  H.  Chamberlain,  on  the  drying  of  bricks,  have  an 
especial  value  from  the  great  experience  of  that  gentleman,  and  his  careful  observa- 
tion of  all  the  conditions  upon  which  the  preparation  of  a  good  brick  depends. 

"  The  drying  of  bricks  ready  for  burning  is  a  matter  of  great  importance,  and  requires 
more  attention  than  it  generally  receives.  From  hand  made  bricks  we  have  to  evapo- 
rate some  25  per  cent,  of  water  before  it  is  safe  to  burn  them.    In  a  work  requiring 
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the  make  of  20,000  bricks  per  day,  we  have  to  evaporate  more  than  20  tons  of  water 
every  24  hours.  Hand-made  bricks  lose  indrying  about  one-fourth  of  their  weight,  and 
in  drying  and  burning  about  one-third.  The  average  of  machine  bricks — those  made 
of  the  stiff  plastic  clay — do  not  lose  more  than  half  the  above  amount  from  evaporation, 
and  are,  therefore,  of  much  greater  specific  gravity  than  hand-made  ones. 

"  The  artificial  drying  of  bricks  is  carried  on  throughout  the  year  uninterruptedly  in 
sheds  having  the  floor  heated  by  fires  ;  but  this  can  only  be  effected  in  districts  where 
coal  is  cheap.  The  floors  of  these  sheds  are  a  series  of  tunnels  or  flues  running 
through  the  shed  longitudinally.  At  the  lower  end  is  a  pit,  in  which  are  the  furnaces  ; 
the  fire  travels  up  the  flues  under  the  floor  of  the  shed,  giving  oS  its  heat  by  the  way, 
and  the  smoke  escapes  at  the  upper  end,  through  a  series  of  (generally  three  or  four) 
smaller  chimneys  or  stacks.  The  furnace  end  of  these  flues  would  naturally  be  much 
more  highly  heated  than  the  upper  end  near  the  chimneys.  To  remedy  this,  the 
floor  is  constructed  of  a  greater  thickness  at  the  fire  end,  and  gradually  diminishes  to 
within  a  short  distance  of  the  top.  By  this  means,  and  by  the  assistance  of  dampers 
in  the  chimneys,  it  is  kept  at  nearly  an  equal  temperature  throughout.  Bricks  that 
will  bear  rapid  drying,  such  as  are  made  from  marly  clays  or  very  loamy  or  siliceous 
earths,  will  be  fit  for  the  kiln  in  from  12  to  24  hours.  Before  the  duty  was  taken  off 
bncks,  much  dishonesty  was  practised  by  unprincipled  makers,  where  this  drying 
could  be  carried  on  economically.  Strong  clays  cannot  be  dried  so  rapidly.  These 
sheds  are  generaUy  walled  round  with  loose  bricks,  stacked  in  between  each  post  or 
pillar  that  supports  the  roof  The  vapour  given  off  from  the  wet  bricks,  rising  to  the 
roof,  escapes.  This  system  of  drying  is  greatly  in  advance  of  that  in  the  open  air,  for 
U  produces  the  ware,  as  made,  without  any  deterioration  from  bad  weather  ;  but  the 
expense  of  fuel  to  heat  these  flues  has  restricted  its  use  to  the  neighbourhood  of  col- 
lieries. In  1845  attention  was  turned  to  the  drying  of  bricks,  and  experiments 
earned  out  m  drying  the  ware  with  the  waste  heat  of  the  burnmg  kilns.  The  caloric 
after  having  passed  the  ware  in  burning,  was  carried  up  a  flue  raised  above  the  floor 
ot  the  shed,  and  gave  off  its  spent  heat  for  drying  the  ware.  Although  this  kiln  was 
most  useful  in  provmg  that  the  waste  heat  of  a  burning  kiln  is  more  than  sufficient  to 
dry  ware  enough  to  fill  it  again,  it  was  abandoned  on  account  of  the  construction  of 
the  kiln  not  bemg  good. 

"  Another  system  of  drying  is  in  close  chambers,  by  means  of  steam,  hot  water,  or  by 
flues  heated  by  fire  under  the  chambers.  I  will,  therefore,  briefly  describe  the  steam 
chamber  as  used  by  Mr.  Beart.  This  is  a  square  construction  or  series  of  tunnels 
or  chambers,  built  on  an  mclme  of  any  desired  length;  and  at  some  convenient 
spot  near  the  lower  end  is  fixed  a  large  steam  boiler,  at  a  lower  level  than  the  dry  ins 
chamber  From  the  boiler  the  main  steam  pipe  is  taken  along  the  bottom  or  lower 
fnl  H  '  -^^^ber  and  from  this  main,  at  right  angles,  run  branch  pipes  of  four 
inches  diameter  up  the  chambe-,  two  feet  apart,  and  at  about  three  feet  from  the  top  or 
arch.  From  there  bemg  so  close  and  shallow  a  chamber  between  the  heating  surface 
of  the  pipes  and  the  top,  and  so  large  an  amount  of  heating  surface  in  the  pipes  the 
fd'^^lh  r  ^^"^■'l^^Wy  raised.    At  the  top  and  bottom  ends  are  shutters  or 

lids,  ^vMcli  open  for  the  admission  of  the  green  ware  at  the  upper  end,  and  for  the 

frnn      ^       "'X'  f  ^       '"^"^  ^^'^  t^^e  Steam  pipes  are  fixed 

ron  rollers,  on  which  the  trays  of  bricks,  as  brought  from  the  machine,  are  placed 
the  insertion  of  one  tray  forcing  the  tray  previously  put  in  further  on,  a^si^ted  L  its 
descent  by  the  inchnation  of  the  construction.  The  steam  being  raised  S  the  boiler 
flows  thi-ough  the  mam  into  those  branch  pipes  in  the  chamber,  and  from  the  Ke 
WHnf  ^  'Tf/  ^'f"^''  condensed,  giving  off  its  ktent  heat     From  ^he 

ncline  given  to  the  pipes  m  the  chamber,  and  from  the  main  pipe  also  having  T  faU 

he'Sfp  tn  h°'^""'       ""^f  °^  ^^^^'^  f"-""^       condensed  steam  flVws  tS 

ThA,  .  pipes,  and  condensed  intermktentlY 

The  steam  entering  at  the  lower  end  of  the  chamber,  i  is  of  course  ^^vmeTlh^^he 
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require  attention  in  the  management  of  the  steam  boiler  ;  but  their  greatest  defect 
is  the  want  of  a  eurrent  of  hot  air  through  the  chamber  to  carry  off  the  excess  of 
vapour  faster  than  is  now  done.  The  attaining  a  high  degree  of  temperature  in  these 
chambers  is  useless,  unless  there  is  a  current  to  carry  off  the  vapour.  Why  should 
this  piping  be  used,  or  steam  at  all,  when  we  have  a  large  mass  of  heat  being  constantly 
wasted,  night  and  day,  during  the  time  the  kilns  are  burning  ?  and  after  the  process 
of  burning  the  kiln  is  completed,  we  have  pure  hot  air  flowing,  from  48  to  60  hours, 
from  the  mass  of  cooling  bricks  in  the  kilns,  free  from  carbon  or  any  impurities  ;  this 
could  be  directed  through  the  drying  chambers,  entering  in  one  constant  flow  of  hot 
dry  air,  and  escaping  in  warm  vapour.  The  waste  heat  during  the  process  of  burn- 
ing can  be  taken  up  flues  under  the  chamber,  and  thereby  all  the  heat  of  our  burning 
kilns  may  be  economised  and  a  great  outlay  saved  in  steam  pipes,  boilers,  and 
attention.  It  must  not  be  forgotten  also,  that  so  large  an  atmospheric  condenser  as 
the  steam  chamber  is  not  heated  without  a  considerable  expenditure  in  fuel.  This 
drying  by  steam  is  a  great  stride  in  advance  of  the  old  flued  shed,  but  practical  men 
must  see  the  immense  loss  incurred  constantly  from  this  source  of  the  spent  heat  of  the 
burning  kilns,  and  that  by  economising  it,  an  immense  saving  will  be  effected  in  the 
manufacture.  The  kilns  are  constructed  as  near  the  lower  end  of  these  chambers 
as  convenient." 

A  kiln  for  attaining  the  object  of  the  one  built  in  1846  by  Mr.  Chamberlain  is  now 
at  work  at  Epsom,  at  Mr.  Hand's  brick-works  ;  but  with  this  difference,  that  the 
smoke  is  consumed.  The  drying  shed  is  kept  quite  close,  that  the  hot  flues  may 
raise  the  temperature  so  high  as  to  dry  the  ware.  In  this  kiln  the  heated  gases  escape 
from  the  top,  after  passing  up  through  the  ware,  into  flues,  and  are  carried  to  the 
ground,  and  thence  into  the  drying  shed,  which  is  a  very  large  construction  in  pro- 
portion to  the  size  of  the  kiln,  and  holds  nearly  sufiicient  ware  to  fill  four  kilns.  In 
this  shed  the  heat  passes  up  a  hollow  wall,  about  six  feet  high,  and  after  running 
through  the  length  of  the  shed  on  one  side,  returns  down  similar  flues  on  the  opposite 
side  of  the  shed,  and  is  again  carried  to  the  kiln,  through  the  bottom  of  which  it  passes 
in  two  close  flues  between  the  three  kiln-furnaces,  with  the  exception  of  small  aper- 
tures through  which  the  heat  enters  to  consume  the  smoke.  From  these  return  flues 
the  spent  gases  rise  up  a  shaft  at  the  end  of  the  kiln.  One  result  of  carrying  these 
return  flues  through  the  kiln,  is  the  attaining  a  great  draft  or  suction  in  the  flues  to 
carry  off  vapour. 

The  common  brick  kiln  is  a  rectangular  building,  generally  open,  but  sometimes 
arched  over.  In  the  side  waUs  and  opposite  to  each  other,  are  built  fireplaces,  or 
holes  for  the  insertion  of  the  fuel.  The  furnaces  are  formed  in  the  setting  of  the 
kiln  with  unburnt  bricks,  and  above  these  the  kiln  is  filled  as  above  described.  In 
these  kilns,  from  the  raw  ware  forming  the  furnace,  the  flash  of  the  flame,  from  the 
fires  in  the  walls,  too  often  vitrefies  and  destroys  the  nearest  bricks.  In  the  open 
kiln,  as  the  fire  or  heat  reaches  to  the  top,  the  fireman  soils  or  earths  it  down,  which 
throws  the  draught  to  another  part  more  backward ;  and,  as  it  continues  to  rise,  he  pro- 
ceeds with  this  operation  until  all  the  top  is  earthed  in ;  he  then  continues  the  firing 
until  the  whole  has  sunk,  by  the  contraction  of  the  clay  in  the  fire,  to  the  desired 
depth.  The  fire-holes  are  then  stopped  up  with  mud,  and  the  kiln  is  left  to  cool 
gradually.  If  the  air  were  admitted  too  rapidly  while  the  kiln  was  at  this  intense 
heat,  it  would  cause  bricks,  made  with  strong  clays,  to  fly  to  pieces  like  glass ;  it  is, 
in  fact,  the  process  of  annealing.  Cooling  too  quickly  also  affects,  in  many  clays,  the 
colour  of  the  bricks. 

Temporary  kilns  are  constructed  in  the  country  with  unburnt  bricks,  and  called 
clamps  In  Staffordshire,  the  bricks  are  burnt  in  small  round  kilns,  called  ovens, 
which  hold  from  7000  to  8000  bricks  each;  these  are  burnt  from  fire  in  the  walls 
round  the  ovens,  and  the  raw  ware  is  set  in,  so  as  to  form  a  flue  Irom  each  fire,  to 
direct  the  flame  to  the  centre.  These  ovens  burn  very  quickly,  and  a  most  intense 
heat  can  be  obtained  in  them.    Mr.  Chamberlain  must  be  again  quoted  on  the  burn- 

I^wiirnow  more  fully  describe  a  principle  of  burning  which  I  have  had  in  prac- 
tice for  the  last  six  years,  and  which  I  can  therefore  recomniend  with  great  con- 
fidence. The  great  object  in  brick-burning  is  to  attain  a  sufficient  heat  to  thoroughly 
burn  the  ware  with  as  small  a  consumption  of  coal  as  possible  ;  and  with  nearly  an 
equal  distribution  of  the  heat  over  all  parts,  so  that  the  whole  of  'l^^  ware  be  g 
subiected  to  the  same  temperature,  may  contract  equally  in  bulk  and  be  of  one 
an?^rm  colour  throughout.'  The  advantage  is  also  gained  of  burning  -  -ich  - 
time  than  in  the  old  kilns,  which,  on  an  average,  took  a  week  ;  and  l  e  ^^^'If^^^v^ 
is  .so  simplified  that  any  man,  even  though  not  at  all  conversant  ^^''^'^^^V^  "  """•.''^''^  '4' 
after  he  has  seen  one  kiln  burnt,  will  be  able  to  manage  """'l^^'' '/"/^^  J^^'^^,^^^^^^^ 
not  least,  advantage  is,  that  of  delivering  up  to  us  the  waste  heat  at  the  g.ound  level, 
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or  under  the  floor  of  the  kiln,  to  be  used  in  drying  the  green  ware,  or  in  partially 
burning  the  next  kiln. 

"  Hitherto  the  heat  has  been  applied  by  a  series  of  fireplaces,  or  flues  and  openings 
round  the  kiln,  each  exposed  to  the  influence  of  the  atmosphere  ;  and  in  boisterous 
weather  it  is  very  difiicult  to  keep  the  heat  at  all  regular,  the  consequence  of  which 
is,  the  unequal  burning  we  often  see.  The  improvements  sought  by  experimentalists 
have  been  the  burning  the  goods  equally,  and,  at  the  same  time,  more  economically. 
These  are  obtained  by  the  patent  kilns,  as  improved  by  Mr.  Robert  Scrivener,  of 
Shelton,  in  the  Staffordshire  Potteries.  The  plan  is  both  simple  and  effective,  and  is 
as  follows  :  —  A  furnace  is  constructed  in  the  centre  of  the  kiln,  much  below  the  floor 
level,  and  so  built  that  the  heat  can  be  directed  to  any  part  of  the  kiln  at  the  pleasure 
of  the  fireman.  First,  the  heat  is  directed  up  a  tube  in  the  centre  to  the  top  of  the 
oven  or  kiln,  and,  as  there  is  no  escape  allowed  to  take  place  there,  it  is  drawn  down 
through  the  goods  by  the  aid  of  flues  in  connection  with  a  chimney.  Thus,  all  the 
caloric  generated  in  the  furnace  is  made  use  of,  and,  being  central,  is  equally  diffused 
throughout  the  mass;  but,  towards  the  bottom,  or  over  the  exit-flues,  the  ware  would 
not  be  sufficiently  burnt  without  reversing  the  order  of  firing.  In  order  to  meet  this 
requirement  there  is  a  series  of  flues  under  the  bottom,  upon  which  the  goods  are 
placed  with  small  regulators  at  the  end  of  each  ;  these  regulators,  when  drawn  back, 
allow  the  fire  to  pass  under  the  bottom,  and  to  rise  up  among  the  goods  which  are  not 
suftciently  fired,  and  thus  the  burning  is  completed.  By  means  of  these  regulators 
the  heat  may  be  obtained  exactly  the  same  throughout;  there  is,  therefore,  a  greater 
degree  of  certainty  in  firing,  and  a  considerable  saving  of  fuel,  with  the  entire  con- 
siimption  of  the  smoke.  From  the  fire  or  draught  being  under  command,  so  as  to  be 
allowed  either  to  ascend  or  descend  through  the  ware  during  the  time  of  burning  or 
cooliDg,  the  waste  caloric  can  be  economised  and  directed  through  the  adioininff  kiln 
in  order  to  partiaJly  burn  It  or  be  used  in  drying  off  the  raw  wares  on  flues  or  in 
•  tlie  saving  of  fuel  in  these  kilns,  over  the  common  kiln. 
50  per  cent. ;  and  to  give  an  idea  of  the  facility  with  which  they  can  be  worked  it  is 

In  France  attempts  were  long  ago  made  to  substitute  animals  and  machines  for  the 

rn^'Z  T""  '  ^''t  V^'  "'"^  ^^^"^'"g  P'' '  ^'^^  it  fo-iDd  that  thdr  schemes 
could  not  replace,  with  advantage,  human  labour  where  it  is  so  cheap  particularlv^or 
separating  the  stones  and  heterogeneous  matters  from  the  loam^'K  more  "it  il 

h    iV^ol  Frr;b  """"i  l'"<=ks  which  arT  made  of 

n.    A  good  irench  workman,  in  a  day's  labour  of  12  or  i  s  bn„ro  \t  Z 

IS  able  to  mould  from  9000  to  10,OOo\ricks  9  Lehe/long.'^^n  he^^^ 

2^  thick  ;  but  he  must  have  good  assistants  under  him.    In  many  S  works 'near 

a  gin  wheel,  and  the  bricks  are  so  dr7wh;n  dLhareed  fr?^  1°^^^ 
be  ready  for  immediate  burninp-     Thl  ^IT-  ^'^.^^^^'ged  from  their  moulds,  as  to 

"Bulletfn  de  la  Socife  tE::Lasi:eS^^l7  Tsit^^^^^^^^^    1£  ^'^T^'  ^° 
account  of  our  recent  palejits  p.  ci61.    bee  Jurther  on,  an 

or  cutters,  for  breaking  the  lumns  and  miv^n,. '  ^'^^  rotatory  knives, 

which  bricks  are  com^mon  y  SeclX^f  two  ^  inaterials  of 

vrhich  fifteen  bricks  are  madLt  once- these  mJL  r  ^^''^  °f 

the  machine  for  the  purpose  of XL'e  aUer^^tP  ^°^i." 

filled  with  the  clay,  and  Ven  remTv^ed  tHS^  Pug-mill  to  be 

act  upon  them.  Thirdly,  in  a  contnVance  bv  ^  T  P  ""S^''^  are  enabled  to 
descend,  for  the  purpose^of  compressing  ^he  '"'^  P'^^S^rs  are  made  to 
mould  in  the  form  of  bricks.  rZtS  In  JherethT^f"'^  discharging  it  from  the 
trucks  which  carry  the  receiving  boaJds.U'd^  S^l^TSs^'L^^y^t  Xe^S 

^^E^^^S^^^^^S^^^  both  ends  of  Which 
cylindrical  pug-mill,  shown  partly  in  sec  on  whll?  k  '  'T'^^^'^^'  «  *e 
other  materials  from  a  hopper  ab^ove  ;  '^T^  Th^rJot'L^TE 
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are  attached  to  the  vertical  shaft,  and,  being  placed  obliquely,  press  the  clay  dow 
towards  the  bottom  of  the  cylinder,  in  the  act  of  b4eaking  and  mixing  it  as  the  sha 


'  shaft 
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revolves.  The  lower  part  of  the  cylinder  is  open ;  and  immediately  under  it  the 
mould  is  placed  in  which  the  bricks  are  to  be  formed.  These  moulds  run  to  and 
fro  upon  ledges  in  the  side  frames  of  the  machine ;  one  of  the  moulds  only  can  be 
shown  by  dots  in  the  figure,  the  side  rail  intervening :  they  are  situated  at  c  c, 
and  are  formed  of  bars  of  iron  crossing  each  other,  and  encompassed  with  a  frame. 
The  mould  resembles  an  ordinary  sash  window  in  its  form,  being  divided  into 
rectangular  compartments  (fifteen  are  proposed  in  each)  of  the  dimensions  of  the 
intended  bricks,  but  sufficiently  deep  to  allow  the  material,  after  being  considerably 
pressed  in  the  mould,  to  leave  it,  when  discharged,  of  the  usual  thickness  of  a 
common  brick. 

The  mould  being  open  at  top  and  bottom,  the  material  is  allowed  to  pass  into  it, 
when  situated  exactly  under  the  cylinder ;  and  the  lower  side  of  the  mould,  when  so 
placed,  is  to  be  closed  by  a  flat  board  d,  supported  by  the  truck  e,  which  is  raised  by 
a  lever  and  roller  beneath,  running  upon  a  plane  rail  with  inclined  ends. 

The  central  shaft,  /,  is  kept  in  continual  rotatory  motion,  by  the  revolution  of  the 
upper  horizontal  wheel  g,  of  which  it  is  the  axis ;  and  this  wheel  may  be  turned  by  a 
horse  yoked  to  a  radiating  arm,  or  by  any  other  means.  A  part  of  the  circumference 
of  the  wheel  g,  has  teeth  which  are  intended  at  certain  periods  of  its  revolution  to 
take  into  a  toothed  pinion,  fixed  upon  the  top  of  a  vertical  shaft  h  h.  At  the  lower 
part  of  this  vertical  shaft  there  is  a  pulley  i,  over  which  a  chain  is  passed  that  is  con- 
nected to  the  two  moulds  c,  and  to  the  frame  in  which  the  trucks  are  supported ;  by 
the  rotation  of  the  vertical  shaft,  the  pulley  winds  a  chain,  and  draws  the  moulds  and 
truck  frames  along. 

The  clay  and  other  material  having  been  forced  down  from  the  cylinder  into  the 
mould,  the  teeth  of  the  horizontal  wheel  g,  now  come  into  gear  with  the  pinion  upon 
h,  and  turn  it  and  the  shaft  and  pulley  i,  by  which  the  chain  is  wound,  and  the  mould 
at  the  right  hand  of  the  machine  brought  into  the  situation  shown  in  the  figure ;  a 
scraper  or  edge-bar  under  the  pug  mill  having  levelled  the  upper  face  of  the  clay  in 
the  mould,  and  the  board  d,  supported  by  the  truck  e,  formed  the  flat  under  side. 

The  mould  being  brought  into  this  position,  it  is  now  necssary  to  compress  the 
materials,  which  is  done  by  the  descent  of  the  plungers,  kit.  A  friction-roller,  /, 
pendant  from  the  under  side  of  the  horizontal  wheel,  as  that  wheel  revolves,  comes  in 
contact  with  an  inclined  plane,  at  the  top  of  the  shaft  of  the  plungers;  and,  as  the 
friction-roller  passes  over  this  inclined  plane,  the  plungers  are  made  to  descend  mto 
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the  mould,  and  to  compress  the  material;  the  resistance  of  the  board  beneath  causino- 
the  clay  to  be  squeezed  into  a  compact  state.  When  this  has  been  effectually  accom- 
plished, the  further  descent  of  the  plungers  brings  a  pin,  m,  against  the  upper  end  of 
a  quadrant  catch-lever,  n,  and,  by  depressing  this  quadrant,  causes  the  balance-lever 
upon  which  the  truck  is  now  supported  to  rise  at  that  end,  and  to  allow  the  truck 
with  the  board  d  to  descend,  as  shown  by  dots ;  the  plungers  at  the  same  time  forcing 
out  the  bricks  from  the  moulds,  whereby  they  are  deposited  upon  the  board  rf;  when 
hy  drawing  the  truck 'forward  out  of  the  machine,  the  board  with  the  bricks  may  be 
removed,  and  replaced  by  another  board.  The  truck  may  then  be  again  introduced 
into  the  machine,  ready  to  receive  the  next  parcel  of  bricks 

other  monir.fn^^M''^  discharge  of  the  bricks  from  this  mould  has  been  effected,  the 
the  ho^rnntnl  cylinder  has  become  filled  with  the  clay,  when  the  teeth  of 

he  horizontal  wheel  coming  round,  take  into  a  pinion  upon  the  top  of  a  vertical 

tielTdf  a'nd  S'Lmf ^"^^  ^"'^'^  T"'^  ^"-^  °' ^"^^  mach^  an^  ause 
tne  moulds  and  the  frame  supporting  the  trucks  to  be  slidden  to  the  left  end  of  the 
machine;  the  upper  surface  of  the  mould  being  scraped  level  in  ts  pniiess  in  he 
ZZfT^''.^''T^''^■•  "^"^ement  bringf  the  friction-whee  lo  '^^^rthe  incH„ed 

prevent  its  adherrno-  to  he  llXZ    T^rJ^.^  ''"'^  "^1°°  "i"  "'^^  "  '^''"''^ 

SS:r-S^^grsJi~ 

BirtingtmJinTutis:  83^^^^^^^  L^l^te.t.,  by  Mr.  Edward  Jones,  uf 
the  first^  applies  to  a^maehine  for  mouZrr'"''..^^^^  ^T^'}"'^  f""""  ^'^^^^  ^ 

plate  horizontally,  containing  a  Tril^  S        n'"'^  '°  ^  ^''•^"'^r  frame- 

radially  round  the  circSeence  „fthf  of  moulds  or  rectangular  boxes,  standing 
the  clay  is  expresseTS  a  statioll   ,  ^"^0  which  boxes  successivelv 

so  formed,  the  Ss  are  sufces^ivX  ^""^  ^^^r  being 

acted  upon  by  an  in^hn^l^L'nTb     J.^  Cttnd  hid  of'th'°'^"'-r'. 
a  rectangular  horizontal  frame  having-  n  <:1,  ;f f  ^  specification  describes 

range,  which  are  acted  uporfo;  p7essC  ^  '«;,f?^«"l<l"'g  boxes  placed  in  a  straight 
fixed  in  a  horizontal  frame  worrd  un^aJ^%°'^^^  correspond  ng  range  of  pistons 
crank  shaft,  the  moulding  bole  beTn/alloted  To  r^f  rods  extending  from  a  rotatory 
pistons  to  force  out  the  bricks  XTn^u Ided  a  ,d  -^^^^^  Purpose  of  enabling  the 
below.  The  third  head  applies  DarticnHr^f;.  l  ,  •  '^'T  "P°''  ^^d  or  board 
kilns  in  which  malt  or  grain  s  toT  dried  tL  "^^  ^^^  ' 
mould,  with  pointed  pieces  standing  un  for  Vl,  '°  ^^'^  contrivance  a  rectangular 

the  tiles  as  they  are  moulded,  which  t  tn^T'  of  producing  air-holes  thrLgh 
upon  the  points,  and  scraping  o/the  superJ^ous  mn^'"'*!  ^K^^^t^  '"""Ws 
or  last  head  applies  to  mould-  superfluous  matter  at  top  by  hand.    The  foui'th 

mg  chimney-pots  in  double 
moulds,  which  take  to  pieces 
tor  the  purpose  of  withdrawing 
the  pot  when  the  edges  of  the 
slabs  or  sides  are  sufficiently 
brought  into  contact. 

P>g-  274  represents,  in  ele- 
vation, the  first-mentioned  ma- 
chine for  moulding  bricks. 
1  he  moulds  are  formed  in  the 
face  of  a  circular  plate  or 
wheel,  a  a,  a.  portion  of  the 
upper  surface  of  which  is  re- 
presented in  the  horizontal  
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of  teeth  round  the  outer  edge  of  the  wheel  a  a,  which  take  into  a  pinion,  c,  on  a  shaft 
connected  to  the  first  mover;  and  by  these  means  *he  wheel  a,  with  the  moulding 

boxes,  IS  made  to  revolve  horizon- 
tally, guided  by  arms  with  anti-fric- 
tion rollers,  which  run  round  a  hori- 
zontal plate,  a  a,  fixed  upon  the  ma- 
sonry. 

A  hopper,  e,  filled  with  the  brick 
earth,  shown  with  one  of  the  moulding 
boxes  in  section,  is  fixed  above  the 
face  of  the  wheel  in  such  a  way,  tliat 
the  earth  may  descend  from  the  hop- 
per into  the  several  moulding  boxes 
as  the  wheel  passes  round  under  it, 
the  earth  being  pressed  into  the  moulds,  and  its  surface  scraped  off  smooth  by  a 
conical  roller,  f,  in  the  bottom  of  the  hopper.  .     ,  ,    ^     ,  c 

Through  the  bottom  of  each  moulding  hox  there  is  a  hole  for  the  passage  ot  a 
piston  rod,  o,  the  upper  end  of  which  rod  carries  a  piston  with  a  wooden  pallet  upon 
it  acting  within  the  moulding  hox ;  and  the  lower  end  of  this  rod  has  a  small  anti- 
friction roller,  which,  as  the  wheel  a  revolves,  runs  round  upon  the  face  of  an  ohhque 
ring;  or  inclined  way,  h  h,  fixed  upon  the  masonry. 

The  clay  is  introduced  into  the  moulding  boxes  fi-om  the  hopper  fixed  over  the 
lowest  part  of  the  inclined  way  h;  and  it  will  be  perceived  that  as  the  wheel  revolves, 
the  piston  rods,  g,  in  passing  np  the  inclined  way,  will  cause  the  pistons  to  foi-ce  he 
new-moulded  brinks,  with  their  pallet,  or  board,  under  them  severally  up  he  mould, 
into  the  situation  shown  at  i.  in  fig.  274,  whence  they  are  to  .^^^^^-i  ^^yj^;".*^! 
Fresh  pallets  being  then  placed  upon  the  several  pistons  they  with  the  moulds,  yll 
ie  ready  for  moulding  fresh  bricks,  when,  by  the  rotation  f  ^  ^h^,  jj^/' «' ^^^^^1^^^^^ 
severally  brought  under  the  hopper,  the  pistons  ^^^^'^Ig^^^kpthe  bottoms  of  their 
hoxes  as  the  piston  rods  passed  down  the  other  side  of  the  inclined  way  h. 

Th;  seeondCd  of  the^invention  is  another  construction  of  aparatus  for  moulding 
hricL,  in  this  instance  in  a  rectangular  frame.  Fig.  276  is  a  tront  f  vaUon  of  tbe 
machine-  /?(7.  277,  a  section  of  the  same  taken  transversely,  a  a  is  the  standara 
ftame-workand  bed  on  which  the  bricks  are  to  be  moulded.  Near  the  corners  of 
Ss  standard  frame-work,  four  vertical  pillars,  6  Mre  ^^^^^^^  7°n  wh^ch  p  U^^^^^ 
thp  fnmp  of  the  mouldine  boxes,  c,  slides  up  and  down,  and  also  the  bai,  d,  cauying 
Ae  JodT  of  the  pStons;  e  e  e.  These  pistons  are  for  the  purpose  of  compressing  the 
clay  in  the  moulding  hox,  and  therefore  must  stand  exactly  over  and  correspond  with 

ends  of  the  moulding  boxes,  is  sup^ 

^oSdi^^^  Sr^=d  ^^^^5-^ 

the  bed  or  table  of  the  machine  h  h. 
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the  descent  of  the  plunger  or  pistons  e  c  e  will  cause  the  earth  to  be  forced  into  the 
moulds,  and  the  bricks  to  be  formed  therein.  To  eflFect  this,  rotatory  power  is  to  be 
applied  to  the  toothed  -wheel  i,  fixed  on  the  end  of  the  main  driving  crank  shaft  /t  /i, 
which  ou  revolving  will,  by  means  of  the  crank  rods  /  /,  brnig  down  the  bar  </,  with 
the  pistons  or  plunger  e  e  e,  and  compress  the  earth  compactly  into  tiie  moulds,  and 
thereby  form  the  bricks. 

When  this  has  been  done,  the  bricks  are  to  be  released  from  the  moulds  by  the 
moulding  frame,  c,  rising  up  from  the  bed,  as  shown  in  Jiy.  276,  the  pistons  still  re- 
maining depressed,  and  bearing  upon  the  upper  surfaces  of  the  bricks.  The  moulding 
frame  is  raised  by  means  of  cams,  m,  upon  the  crank  shaft,  which  at  this  part  of  the 
operation  are  brought  under  the  levers  ,9,  for  the  purpose  of  raising  the  cams  and  the 
slidmg  rods /into  the  position  shown  in  fig.  277. 

The  bricks  having  been  thus  formed  and  released  from  their  moulds,  they  are  to  be 
removed  from  the  bed  of  the  machme  by  pushing  forward,  on  the  front  side,  fresh 
boards  or  pallets,  which  of  course  will  drive  the  bricks  out  upon  the  other  side, 
whence  they  are  to  be  removed  by  hand. 

There  is  to  be  a  smaU  hole  in  the  centre  of  each  pallet,  and  also  in  the  bed,  for  the 
purpose  of  allowing  any  superfluous  earth  to  be  pressed  through  the  moulding  boxes 
when  the  pistons  descend.    And  in  order  to  cut  off  the  projecting  piece  of  clay  which 

li^'^^Tf.r  °f       l"-i<=k,  a  knife-edge  Ts  in  some  way  con- 

nected to  the  bed  of  the  machine,  and  as  the  brick  slides  over  it,  the  knife  separates 
the  protuberant  lump  ;  but  the  particular  construction  of  this  par  of  the  apparatus  i 

:^:::S'^^JS^!ST'-     ~  ^^'^^--^  ^^^^ 

di:^^=~~so^;^KK^^^^^ 

a  hopper,  the  two  sides  being  iron  plates,  placed  so  that  wTenthrhoDDer  is  filled 
with  tempered  clay  from  the  pug-mill,  the  lower  part  of  the  ho^perfand  c'onsequS^^^^ 


the  mass  of  clay  within  it,  has  exactly  the  dimensions  of  a  brick     Ben^Mf  ,1  1, 
an  endless  chain  traverses  simultaneously  with  the  movement  of  tlT.     r  i^*"  ''"PP'^'' 
pallet-boards  are  laid  at  given  intervals  unon  tbp  nW        i^V  cylinders.  The 

the  hopper,  while  the  clfy  is  rough  down  with  a  .1;^.  ""'"^  P^^""'"  '^"^^r 
wire  stretched  across  it  is  projected  throu  Jh  thrn  .!  f°  ,  Pressure,  a  frame  with  a 
thickness  of  the  brick,  whL?is  remoZ^  ^      ''"^^^      exactly  the 

ment  of  the  endless  chm^  Thyormfon^i^^^^^^^^^  ^'^ard  nfove! 

conies  under  the  hopper  "Peration  is  repeated  each  time  that  a  paUet-boa.^ 

nia';jpe%rpS:teTfr;^^^^^  of  bricks.    For  the 

ployed.  Mr.  Chamberlain  thus  describes  it  -"T^in  J     -  ^  n°'*  S^^^^'-^Uy  em- 
which  has  been  extensively  worked  up  to  ihe  Jr™-  '•''.'^"^"''^'^'^'e^^chine 
perforated  bricks.    This  gentleman,  who  is  nraSl  n™'      ^^J"  ^'^"'"''^  P^'^"' 
.n  order  to  remedy  the  difficulties  I  K  ^3  in'^1^^^ 

hrough  a  large  aperture  or  die,  hung  a  serLs  of  sZl  ton.?,  ''"''''"^  ^  "''^^  '^^Y 
hollow  or  perforated  bricks.    By  this  means  fhT  I    ^  "  °I  to  form 

through  the  die  into  the  corners,  Lvin.  The  "  i^^^^^^  ^ff.^  passage 

centre.    Still,  the  bricks  came  out  rou"h  at  the  ertZ    T""*  °^  n«^^in  the 

IS  termed  a  jagged  edge.    The  water  die  was  iLr5  "'.-"^  "^'^J'^'      ^ith  what 

the  perforated  bricks,  now  so  comlnTy  usef  in  S 

Beart's  machine,  which  is  a  pug-mill  the  clat  I  In  Mr 

rolling-mill,  and  being  fed  in  at  the  ton  ic^  ,  ^^""^  ^^^""^  Passing  through  th^ 
bottom  are  two  horizomal  clay  boies  icr  f  knives.  Tt 

wards.    As  soon  as  it  has  rea^htS  e^xuS;  JfTLX'^^/'^r ^ 

G  o  2    ^  °'       ''""^e,  or  forced  the  clay  of 
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one  box  through  the  die,  tlio  othei'  box  receiving  dtii  ing  this  time  its  charge  of  clay 
from  the  pug-mill,  the  plunger  returns  and  empties  t^is  box  of  clay  through  a  die  on 
the  opposite  side  of  the  machine.  The  result  is,  that  while  a  stream  of  clay  is  being 
forced  out  on  one  side  of  the  machine  the  clay  on  the  opposite  side  is  stationary,  and 
can,  therefore,  be  divided  into  a  series  of  five  or  six  bricks  with  the  greatest  correct- 
ness by  hand.  Some  of  these  machines  have  both  boxes  on  one  side  and  the  plungers 
worked  by  cranks.  This  machine  cannot  make  bricks  unless  the  clay  has  previously 
passed  through  rollers,  if  coarse ;  for  anything  at  all  rough,  as  stone  or  other  hard 
substance,  would  hang  in  the  tongues  of  the  die.  But  the  clay  being  afterwards 
pugged  in  the  machine  is  so  thoroughly  tempered  and  mixed,  that  the  bricks  when 
made  cannot  be  otherwise  than  good,  provided  they  are  sufficiently  fired.  As  to  the 
utility  of  hollow  or  perforated  bricks,  that  is  a  matter  more  for  the  consideration  of  the 
architect  or  builder  than  for  the  brick-maker.  Perforated  bricks  are  a  fifth  less  in 
weight  than  solid  ones,  which  is  a  matter  of  some  importance  in  transit ;  but  it  takes  con- 
siderably more  power  to  force  the  clay  through  those  dies  than  for  solid  brick-making. 
In  the  manufacture  of  perforated  bricks,  there  is  also  a  royalty  or  patent  right  to  be 
paid  to  Mr.  Beart." 

Mr.  Chamberlain's  own  machine  is  in  principle  as  follows  {fig.  279) : — The  clay  is  fed 
into  a  pug-mill,  placed  horizontally,  which  works  and  amalgamates  it,  and  then  forces  it 


off  through  a  mouth-piece  or  die  of  about  65  square  inches,  or  about  half  an  mch  deeper 
nnd  half  an  inch  longer  than  is  required  for  the  brick,  of  a  form  similar  to  a  brick  on 
edee  but  with  corners  well  rounded  off,  each  corner  forming  a  quarter  of  a  3-mch 
ciiTle  for  clay  will  pass  smoothly  through  an  aperture  thus  formed,  but  not  through  a 
keen  ande  After  the  clay  has  escaped  from  the  mill  it  is  seized  by  four  roUers,  covered 
with  a  porous  fabric  (moleskin),  driven  at  a  like  surface  speed  from  connection  with 
the  Due-mill  These  rollers  are  two  horizontal  and  two  vertical  ones,  having  a  space 
of  45  inches  between  them;  they  take  this  larger  stream  of  rough  clay,  and  press  or 
roll  it^to  a  squared  block,  of  the  exact  size  and  shape  of  a  brick  edgeways,  with  beau- 
Sul  harp  edges,  for  the  clay  has  no  friction,  being  drawn  through  by  the  rollers 
instead  of  forcing  itself  through,  and  is  delivered  m  one  unbroken  stream  The 
ol  ers  in  this  machine,  perform  the  functions  of  the  die  in  one  class  of  machinery, 
ind  of  he  moiUd  in  th^  other.  They  are,  in  fact,  a  die  with  rotating  surfaces.  By 
haLin^:  a  series  of  mandrels  or  cores  between  these  rollers,  or  by  merely  changing 
the  South-piece,  we  make  hollow  and  perforated  bricks,  without  any  alteration  mthe 

Mefsrs.  Bradley  and  Craven,  of  Wakefield,  have  invented  a  very  ingenious  brick- 

"'t'con's'tfof  a  vertical  pug-mill  of  a  peculiar  form,  and  greatly  improved  construe- 


^^i^s:k:^/^^z-^^z^^^      ^^--^^ to  the 

the  whole  being  easify  driven  by  Tsteam  enZe^of        f '^^Ij^^'^^^^ly     d"e  order, 
the  ordinary  rale  of  working,  wymake  iro^orblks  n'!..T"^°''''  ^^^'^^^ 
power,  from  15,000  to  18,000.  '  ^  P^'^  "^^^  '       ^^t^^  eight-horse 

In  consequence  of  the  perfect  amalgamation  of  the  elav  nr^H  ti,. 
which  it  is  subjected  in  the  moulds,  the  bricks  nroducprl  h;        ^  f'"^^*  Pressure  to 
and  from  the  stiffness  of  the  clay  u  eTles  watrhas  J  S.vf  "^        T  "P''^""'' 
thus  saving  one  half  the  time  required  for  hlntLade  bricks  aL°'".    '^;°  '^t  ^'f'^'^' 
loss  from  bad  weather.  cricks,  and  avoiding  the  risk  of 

The  following  remarks  by  Dr.  Ure  are  deserying  attention  — 

fires.  The  consideration  of  this  sub^  was  -loselv  Tr^  ^°"^«hold 
heing  consulted  concerning  an  injuSL  fssuS  btthTch^^^^ 

clamp  in  the  Isle  of  Wight,  fired  with  clean  rnVpniV     p^^°«eUor  aga'nst  a  brick 

nace  at  Portsmouth  dockyard.   The  brSrs  beinrof  fh?/  ^'^^'^-^^Sine  fur- 

jere  of  course  made  in  moulds  verrsIi-htirdifL         ^^^^^  sand  stock, 

freely  out.   The  sand  was  broughtZm  pSouth  H^^^^  '°  '"^'^'^  them  fal 

to  a  degree  of  heat  more  inte^nse  certain  y^hrn  it^^^^^^^^^^  °"  'l'^'"^  ^^^J^^ted 

thought  to  give  out  traces  of  hydrochloric  acid  '°        ^'^"^P.  >^as 

above  observation;  but  I  ascertained  that  the  .IT    v,     1°^  remarkable  in  the 
strewed  would  give  out  no  hydrochloric  acid  at  a  fio'^/       '^i''*  l^"  "^""'^^^ 
bnckswere  exposed  to  in  a  clamp  10  or  12  feet  hi  b    T«"'      1*^^^*     ^bat  the 
^vith  a  layer  of  cinders  3  or  4  inches  thick     R  ,f      '  a"'^  ^''"^     '^s  bottom  only 
tio'„'Tn\"?'r^?  it ^filn^  of  slnd  'o'n  ,^"^°-*-ted  that  th^ 

t  on  in  a  suitable  apparatus,  gave  out- not  hydrochloric  n,'  .       ?f  '°  i?ni- 

..t  ammonia  gas.    Hence,  the  allegations /at  Thf^L-  ^e-^fS^^h  T^r,  ti^ 
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gases  to  blight  the  neighbouring  trees  were  shown  to  be  utterly  groundless-,  on  the 
contrary,  the  ammonia  evolved  from  the  heated  clay  -would  act  beneficially  upon 
vegetation,  while  it  was  too  small  in  quantity  to  annoy  any  human  being.  A  few 
yards  to  leeward  of  a  similar  clamp  in  full  activity,  I  could  perceive  no  offensive 
odour.  All  ferruginous  clay,  when  exposed  to  the  atmosphere,  absorbs  ammonia 
from  it,  and  of  course  emits  it  again  on  being  gently  ignited." 

A  very  ingenious  and  simple  brick-making  machine  was  constructed  and  patented 
by  Mr.  Roberts,  of  Falmouth,  and  it  has  been  extensively  worked  by  him  in  the  parish 

of  Mylor.  .  T,  v      .  • 

Fig.  281  shows  a  plan  of  machinery  combined,  accordmg  to  Mr.  Roberts  s  inven- 


Tn?;^^8nnrs::T\er^^^^^ 

severll'sets  of  moulds  (the  positions  of  -^-^  ^^^J^.^fj^/^^^^^ 

larly  provided,    e  is  a  roller,  which  is  moved  round  on  ^  ^  track  a  ^y  " 

frame /;  which  receives  motion  from  a  ''^^^.Z^.llf'^.l^^^^^  clay. 

shaft  9  the  cog-wheel  h,  and  circular-  oothed  JJX-  same  into  the 

or  brick  earth,  is  filled  into  the  moulds,  and  the  roller  c  pi  esses  tuc 
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moulds  as  it  rolls  over  them  ;  j  is  a  scraper  whicb,  following  the  roller  e,  removes 
any  excess  of  clay  or  brick  earth  from  the  moulds  ;  and  j  is  a  smaller  roller  whicli 
acts  as  a  balance,  to  prevent  the  cutter  from  rising ;  k  is  a  pressing  plate  attached  to 
the  bar  c,  and  is  raised  at  the  same  time  by  the  lever  d.  The  roller  e,  in  its  further 
progress,  passes  over  and  presses  down  the  plate  h,  which  completes  the  pressure  ;  e 
then  passes  on  and  presses  down  the  lever  d,  by  which  all  the  movable  bottoms  of  the 
moulds  wUi  be  raised  with  the  bricks  or  tiles  thereon.  The  whole  of  the  pistons  and 
bar,  c,  are  kept  up  by  the  stop  /,  which  works  by  a  spring,  and  is  removed  by  the 
treadle  wi,  as  soon  as  the  bricks  or  tiles  are  taken  away ;  n  are  small  rollers,  fixed  to 
the  frame  o,  to  which  the  cutter  or  scraper  is  attached. 

Floating  bricks  are  a  very  ancient  invention  :  they  are  so  light  as  to  swim  in  water; 
and  Pliny  tells  us  that  they  were  made  at  Marseilles,  at  Colento,  in  Spain,  and  at; 
Pittane,  in  Asia.  This  invention,  however,  was  completely  lost  until  M.  Fabroni 
published  a  discovery  of  a  method  to  imitate  the  floating  bricks  of  the  ancients. 
According  to  Posidonius,  these  bricks  are  made  of  a  kind  of  argillaceous  earth,  which 
was  employed  to  clean  silver  plate.  But  as  it  could  not  be  our  tripoli,  which  is  too 
heavy  to  float  in  water,  M.  Fabroni  tried  several  experiments  with  mineral  agaric, 
guhr,  lac-lun£E,  and  fossil  meal,  which  last  was  found  to  be  the  very  substance  of 
which  he  was  in  search.  This  earth  is  abundant  in  Tuscany,  and  is  found  near  Cas- 
teldelpiano,  in  the  territories  of  Sienna.  According  to  the  analysis  of  M.  Fabroni,  it 
consists  of  55  parts  of  siliceous  earth,  15  of  magnesia,  14  of  water,  12  of  alumina,  3 
of  lime,  and  1  of  iron.  It  exhales  an  argillaceous  odour,  and,  when  sprinkled  witlx 
water,  throws  out  a  light-whitish  smoke.  It  is  infusible  in  the  fire,  and,  though  it 
loses  about  an  eighth  part  of  its  weight,  its  bulk  is  scarcely  diminished.  Bricks  com- 
posed of  this  substance,  either  baked  or  unbaked,  float  in  water;  and  J^ih  part  of  clay 
may  be  added  to  their  composition  without  taking  away  their  property  of  swimming. 
These  bricks  resist  water,  unite  perfectly  with  lime,  are  subject  to  no  alteration  from 
heat  or  cold,  and  the  baked  differ  from  the  unbaked  only  in  the  sonorous  quality 
which  they  have  acquired  from  the  fire.  Their  strength  is  little  inferior  to  that 
of  common  bricks,  but  much  greater  in  proportion  to  their  weight;  for  M.  Fabroni 
found  that  a  floating  brick,  measuring  7  inches  in  length,  4i  in  breadth,  and  1  inch 
8  Imes  in  thickness,  weighed  only  14^-  oz.,  whereas  a  comEaon  brick  weighed  5  lbs 
6|  oz.  ° 

As  an  experiment,  Fabroni  constructed  the  powder  magazine  of  a  ship  of  these 
bricks;  the  vessel  was  set  on  fire,  and  sank  without  exploding  the  powder 

This  earth  has  been  found  near  Clermont  and  in  the  Auvergne.  Ehrenberg  has 
shown  that  It  IS  entirely  composed  of  microscopic  siliceous  shells.  Bricks  composed 
of  this  earth  weigh  only  half  as  much  as  the  ordinary  ones. 

Fire  bricks  are  made  extensively  in  the  neighbourhood  of  Newcastle- on-Tyne  and 
at  Stourbridge.  For  the  analyses  of  the  clays  of  which  these  and  others  are  con- 
structed, see  Clay. 

Stone  Bricks.-These  are  manufactured  at  Neath,  in  Glamorganshire,  and  are  very 
much  used  in  the  construction  of  copper  furnaces  at  Swansea 

The  materials  of  which  the  bricks  are  made  are  brought  from  a  quarry  in  the 
neighbourhood.  They  are  very  coarse,  being  subjected  to  a  very  rude  crush  ng 
operation  under  an  edge  stone,  and,  from  the  size  of  the  pieces,  it  is  impossible  tf 
mould  by  hand.  There  are  three  qualities,  which  are  mixed  together  Zh  a  ftt  e 
water,  so  as  to  give  the  mass  coherence,  and  in  this  state  it  is  ^mprelsed  by  he 
machine  mto  a  mould.  The  brick  which  results  is  treated  in  the  ordinary  wa/  hnt 
U  resists  a  much  greater  heat  than  the  Stourbridge  clay  brick,  expands  moi-e  by  heat 

2eSis":sfoUr:^°       ""^•'^^^  --P-i'-  Of  thVtS 

Pendreyn.  From  Dinns. 

A,  "  .  ■  "  -  -  94-05  -  -  100-  91-95 
Alumina,  with  a  trace  of  ox.  iron  4-55  -  -traces  8-05 
Lmie  and  magnesia  traces  traces 


98-60  100-  100-00 

—Dr.  Richardson  ;  KnappS  Technology. 
In  immediate  connection  with  this  subiect  it  annenrs  th^t  fi,„  f  ii  • 
for  raising  bricks,  mortar,  &c.,  by  M  Pierre  To„rnp?T„L  -^  i  f  machine 
tution  of  Civil  Engineers  merits  attendon     It  k  f'J   v        *°       ^"""^"^  I^sti- 
rnaterials  to  progrlsive  heigh;:      t^eZild  g"of%rm;eTs  td^X? ''''1" 
strong  frame  on  the  ground  contained  the  winch  wheel  Md  n„  7°''^''-  ^ 

notched  wheel;  on  the  scaffold  frame  aboTe  is  a  imilnr  n^fi^^  T""^^  motion  a 
these  two  wheels  an  endless  chain  travel^m^d^yflSk^ rdtroslS  Sich""' 


a 
d 
are 


456 


BRISTLE. 


held  by  the  notches  in  the  wheels.  The  buckets  for  mortar  and  hods  for  bricks  are 
hooked  upon  these  transverse  pins,  and  are  raised,  by  the  wineli  motion  below,  to  the 
landing  above ;  the  bricks  arc  removed  by  labourers,  and  empty  buckets  and  hods 
hung  to  the  descending  chain,  to  be  detached  and  filled  below. 

It  appeared  that  a  working  rate  of  1 5  feet  in  a  minute  for  the  chain  to  travel  was  a 
convenient  rate  for  the  men.    One  man  turning  the  winch  will  raise  — 

10  feet  high  90  bricks  per  minute,  or  =  5400  bricks  per  hour 


20 
30 
40 
50 
60 


45 
30 
22 
18 
15 


:  2700 
=  1800 
=  1350 
=  1080 
=  900 


As  the  work  increases,  the  scaffold  is  elevated  and  the  chain  lengthened,  adding  more 
hods. 

The  great  advantages  are,  that  the  men  are  relieved  from  the  labour  of  climbing 
ladders  and  risk  of  accidents,  that  the  building  is  carried  on  quicker  and  therefore  at 
less  cost.  The  plan  was  adopted  with  success  at  the  large  buildings  at  Albert  Gate, 
Hyde  Park,  and  at  the  new  Houses  of  Parliament. 

Steam  power,  of  course,  can  be  employed ;  and  a  great  practical  advantage  arises 
from  not  encumbering  the  building  with  the  weight  of  ladders  and  materials  collected 
on  the  scaffolding. 

In  1856,  we  imported — 

Number. 

Bricks  or  clinkers,  Dutch    -----  478,750 
Other  sorts  ------- 


71,742 


In  the  same  year  our  Exports  were  as  follows  ; 


Number. 

Declared  real  value 

Russia     .       -       -       -  - 

1,085,661 

-  £2,709 

Denmark  -       -       -       -  - 

913,857 

-  2,960 

Prussia     -       -       -       -  - 

1,528,696 

-  4,343 

Hanse  Towns   .       -       -  - 

1,034,151 

-  2,820 

Holland  

1,554,267 

-  5,895 

-  3,763 

France     -       -       -       -  - 

1,111,071 

Spain  and  the  Canaries 

609,401 

-  2,668 

United  States    -       -       -  - 

2,180,518 

-  6,728 

Chili  

2,247,311 

-  8.320 

Australia  -       -       -       -  - 

999,406 

-  4,340 

British  North  America 

884,700 

-  2,419 

British  West  Indies  and  Guiana  - 

4,040,336 

-  9,267 

Other  countries        .       -  - 

4,772,855 

-  14,360 

22,962,230 

£70,592 

Computed  real  value. 

-  £  4,124 

-  373,721 


BRIDGE.    See  Ikon  Bridge.  ,      r     n     *  .i, 

BRIMSTONE.  (Soufre,  Fr. ;  Schwefel,  Germ.)  Sulphur  (which  see).  As  the 
Importations  are  given  by  the  Custom  House  under  this  head,  they  are  given  here. 

Brimstone,  1856: — 

Cwts. 

Refined  -  -  -  -  9,155  - 
Unrefined       -       -       -  1,401,452  - 

Of  this  quantity  1 ,370,717  cwts.  came  from  the  Two  Sicilies. 
In  1857,  the  7mnoWs  were  987,811  tons.  _      .  •  ,  „„j 

The  cost  of  Sicilian  sulphur  has  led  to  the  use  of  iron  pyrites  m  our  vitriol  and 
copperas  works,  and  hence  the  falling  off  in  the  quantity  imported. 
BRITISH  GUM.    See  Dextrine. 

BRISTLE  The  stiff  glossy  hair  of  swine,  which  grows  chiefly  on  the  backs  ot 
those  animals,  both  in  the  wild  and  the  domesticated  state.  Bristles  are  used  in  the 
manufacture  of  brushes. 

In  1 856  our  Imports  of  bristles—  ^^^^       Computed  real  value. 

Rough  and  in  the  tufts,  and  not  in  any  way  sorted,  was     193,928       £  21,817 

Sorted  or  arranged  in  colours       -       -       -       -       2,682,910  335,364 

Russia  supplies,  by  far,  the  greatest  quantity. 

In  1857  the  total  importation  of  bristles  was  2,644,012  lbs. 
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BROMINE.  (Br.  Atomic  weight,  80.  Density  in  liquid  state,  2-97.  Density  of 
vapour  by  experiment,  5"39  ;  calculation  on  supposition  of  the  density  of  hydrogen 
being  0'0692, 5-536.)  One  of  the  most  active  of  the  elements.  It  was  discovered  in 
1826,  by  Balard,  of  Montpellier,  in  the  bittern  produced  from  the  water  of  the  Medi- 
terranean. Bromine  is  a  very  interesting  substance,  and  its  discovery  has  had  great 
influence  on  the  progress  of  theoretical  and  applied  chemistry.  It  is  the  only  element, 
save  mercury,  which  exists  in  the  fluid  state  at  ordinary  temperatures.  It  is  found 
not  only  in  sea  water,  but  in  numerous  saline  springs.  It  also  exists  in  combination 
with  silver  and  chlorine  in  some  Mexican  and  Chilian  minerals. 

Preparation  1.  From  bittern.  —  Chlorine  gas  is  passed  in  for  some  time  ;  this  has 
the  eflect  of  combining  with  the  metallic  base  of  the  bromide  present,  the  bj-omine  being, 
in  consequence,  liberated.    When  the  bittern  no  longer  increases  in  colour,  the  operation 
is  suspended  or  chloride  of  bromine  would  be  formed,  and  spoil  the  operation.  Tiie 
coloured  fluid  is  placed  in  a  large  globe,  with  a  neck  having  a  glass  stopcock  below 
like  a  tap  funnel,  the  upper  aperture  being  closed  with  a  stopper.    Ether  is  then  added, 
the  stopper  replaced,  and  the  whole  well  agitated.    After  a  short  repose,  the  ether  rises 
to  the  surface,  retaining  the  bromine  in  solution.    The  stopper  being  removed  to 
permit  the  entrance  of  air,  the  stopcock  is  opened,  and  the  aqueous  fluid  is  permitted 
to  run  out.    As  soon  as  the  highly  coloured  etberal  solution  arrives  at  the  aperture 
m  the  stopcock,  the  latter  is  shut ;  a  quantity  of  solution  of  potash  is  then  poured  by 
the  upper  aperture,  into  the  globe,  and  the  stopper  is  replaced.    The  whole  is  now 
to  be  agitated,  by  which  means  the  bromine  combines  with  the  potash  formino-  a 
mixture  of  bromate  of  potash  and  bromide  of  potassium.     The  stopcock  is  again 
opened,  and  the  aqueous  fluid  received  into  an  evaporating  vessel,  boiled  to  dryness 
and  ignited.    By  this  means  the  bromate  of  potash  is  all  converted  into  bromide  of 
potassimB     The  bromine  may  be  procured  from  the  bromide  of  potassium  by  distil- 
ation  With  peroxide  of  manganese  and  sulphuric  acid.    In  this  operation  one  equiva- 
lent of  bromide,  two  equivalents  of  sulphui-ic  acid,  and  one  of  peroxide  of  manganese 
yield  one  equivalent  of  sulphate  of  manganese,  one  of  sulphate  of  potash,  and  one  of 
bromine  ;  or,  m  symbols,  KBr  +  2S0»  +  Mn  O-  =  KO,SO'  +  MnO  SO^  +  Br  The 
reaction,  in  fact,  takes  place  in  two  stages,  but  the  ultimate  result  is  as  represented  in 
the  equation.  ^ 

Preparation  2.— In  some  saline  springs  where  bromine  is  present,  accompanied  bv 
considerable  quantities  of  salts  of  lime,  &c.,  the  brine  may  be  evaporated  to  one-fourth 
and,  after  repose,  decanted  or  strained  from  the  deposit.  The  mother  liquid  "s  to 
have  sulphuric  acid  added  m  order  to  precipitate  most  of  the  lime.  The  filtered  flu  d 
IS  then  evaporated  to  dryness,  redissolved  in  water,  and  filtered  ;  by  this  means  more 

:nnTdroc£ic\^c^."'  ^"^^     ^'^^^  '"^'^''^^  ^^^^  ""-angaTes: 

The  only  well  developed  oxide  of  bromine  is  bromic  acid,  BrO^    Solutions  of  hro 
mine  in  water  may  have  their  strength  determined,  even  in  presence  of  Sdroch£ 
or  hydrobromic  acids,  by  means  of  a  solution  of  turpentine  in  alcohol    X  quarter 

Sominl  -  C.  a  W.  '"P"'"'        ''""''^  ^'"''"''''^  «°  P-'^  -  ^  equ^Xt  Tf 
Bromacetic  AciD.-Obtained  by  Messrs.  Perkin  and  Duppa.  They  take  a  mixture 
of  crystallisable  acetic  acid  and  bromine  in  the  nronortion  of  phLi  !    •  f 
int^duce  it  into  a  sealed  tube,  which  is  placed  in  fn  Kth  and  Seated  teTsio^c" 

carbonic  acid  passed  until  the  rTSlL'lfi.y^rlZ:!^^^^^^^ 

distilled  with  acetate  of  potassium  it  gives  offt^  ^^^^ 
z.nc,  it  yields  acetate  and  bromide  of  zinc  '      ^  ^^^^^"^  "^"^  "'e'^c 

It  Jorrci;st\^^i:r;t"™lS':r  y  P-^-d  by  a  bum. 

Messrs.  Perkin  and  Duppa  havTforS  ihTsdts  of        R '?°"P?' .^P'^^^^- 
The  lead  salt  is  obtained  by  neiVrSt  hr.       f      •  i  '"''.^'' ^'''^  ^''^^li'ie  earths, 
recrystallising  in  wate    wasL^r  be  bromacetic  acid  with  oxide  of  lead,  and 

crys  allising  from  wS  if h^s't^rforrSp^r  '''''  - 
by  aSding  s"lSon%?;tmt\'ticTcSi^^^^^^^^^  ^''^  -"^"-te  of  silver,  or 

down  as  a  crystalline  .r^^S^^XtZl  cSr^gSl^^-  ^^^^^^^^ 
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Uromacetate  of  methyl  is  a  colourless  mobile  liquid,  having  an  aromatic  odour  ; 
it  boils  at  144°  C.  Tlie  bromacetate  of  ethyl  boils  at  159^  C;  that  of  arayl  at 
207°  C. 

By  the  action  of  ammonia  on  bromacetic  acid,  bromide  of  ammonium  is  formed, 
and  glycocol,  or  a  body  isomeric  with  it,  according  to  the  equation 
C^IPBrO^  +  2NH3=  C^NH'O*  +  NH'Br 


Glycocol.  — H.M.W. 

BinBOMACETic  Acid.  —  Formed  when  bromine  and  acetic  acid  are  heated  in  pre- 
sence of  light,  but  it  is  difficult  to  obtain  in  large  quantities.  It  is  a  liquid  boiling  at 
240°  C,  which  is  partially  decomposed  every  time  it  is  distilled,  evolving  liydro- 
bromic  acid.  It  does  not  solidify  at  1.5°  C.  It  has  a  very  high  specific  gravity. 
The  silver  salt  is  a  crystalline  precipitate  which  is,  however,  decomposed,  by 
boiling  with  water,  into  bromide  of  silver  and  a  soluble  acid.  It  has  the  formula 
C'HBr-AgO^ 

Bibromacetate  of  ethyl  is  obtained  by  heating  hydrate  of  ethyl  with  bibromacetic 
acid  in  a  sealed  tube  at  a  temperature  of  100°  C,  washing  with  water  and  drying  over 
chloride  of  calcium.  It  is  a  colourless  liquid,  heavier  than  water,  acting  on  the  ey((S 
and  nose  like  the  bromacetate. — H.  M.  W. 

BROOM  DYERS,  or  GREENWEED.  The  Genista  tinctoria,  a  dwarf  shrub 
from  the  flowers  of  which  a  bright  yellow  colour  is  obtained,  which  for  dyeing  green 
with  wond  is  said  to  be  preferred  by  dyers  to  all  other  yellows. 

BRONZE.  {Bronze,  Fr. ;  Bronze,  Ger.)  A  compound  metal  consisting  of  copper 
and  tin,  to  which  sometimes  a  little  zinc  and  lead  are  added.  There  is  some  con- 
fusion amongst  continental  writers  about  this  alloy ;  they  translate  their  bronze  into 
the  English  brass. 

See,  for  an  example  of  this,  "  Dictionnaire  des  Arts  et  Manufactures."  This  has 
arisen  from  the  carelessness  of  our  own  writers.  Dr.  Wat.'^on,  '•  Chemical  Essays," 
remarks :  "  It  has  been  said  that  Queen  Elizabeth  left  more  brass  ordnance  at  her 
death  than  she  found  iron  on  her  accession  to-  the  throne.  This  must  not  be  under- 
stood as  if  gun  metal  was  made  in  her  time  of  brass,  for  the  term  brass  was  sometimes 
used  to  denote  copper  ;  and  sometimes  a  composition  of  iron,  copper,  and  calamine 
was  called  brass ;  and  we,  at  this  day,  commonly  speak  of  brass  cannon,  though  brass 
does  not  enter  into  the  composition  used  for  casting  cannon." 

Bronze  is  an  alloy  of  copper  and  tin. 

Brass  is  an  alloy  of  copper  and  zinc. 

In  many  instances,  we  have  zinc,  lead,  &c.,  entering  into  the  composition  of  alloys 
of  copper  and  tin.  However  this  may  be,  the  alloy  is  called  a  bronze,  if  tin  and 
copper  are  the  chief  constituents. 

This  alloy  is  much  harder  than  copper,  and  was  employed  by  the  ancients  to 
make  swords,  hatchets,  &c.,  before  the  method  of  working  iron  was  generally 
understood.  The  art  of  casting  bronze  statues  may  be  traced  to  the  most  remote 
antiquity,  but  it  was  first  brought  to  a  certain  degree  of  refinement  by  Theodores  and 
Roecus  of  Samos,  about  700  years  before  the  Christian  era,  to  whom  the  mvention  of 
modelling  is  ascribed  by  Pliny.  The  ancients  were  well  aware  that  by  alloying 
copper  wth  tin,  a  more  fusible  metal  was  obtained,  that  the  process  of  castmg  was 
thei-efore  rendered  easier,  and  that  the  statue  was  harder  and  more  durable.  It  was 
durino-  the  reign  of  Alexander  that  bronze  statuary  received  its  greatest  extension, 
when^he  celebrated  artist  Lysippus  succeeded,  by  new  processes  of  moulding  and 
meltine  in  multiplying  groups  of  statues  to  such  a  degree  that  Plmy  called  them  the  ;«o6 
nf  Ahvander  Soon  afterwards  enormous  bronze  colossuses  were  made,  to  the  height 
of  towers  of  which  the  isle  of  Rhodes  possessed  no  less  than  one  hundred.  The 
Roman  consul  Mutianus  found  3000  bronze  statues  at  Athens,  3000  at  Rhodes,  as 
ma^y  at  Olympiaaud  at  Delphi,  although  a  great  number  had  been  previously  carried 

°^/rom  thVand^res'  of  Mr.  J.  A.  Phillips,  we  learn  that  most  of  the  ancient  coins 
were  bronzes,  the  quantity  of  tin  relatively  to  the  copper  varying  slightly.  The  pro- 
portions of  copper  and  tin  in  many  of  those  coins  are  given  below,  the  other  ingredients 
being  omitted :  —  Copper.  Tin. 


A  coin  of  Alexander  the  Great,  335  B.C. 


86-72  -  -  13-14 

PhiiippusV.  -     -  200B.C.-     -  85-1.5  -  -  n;io 

PtotrnVlX.  "-       -    70B.C.-       -    84-21  -  -  15;.J9 

Pompey        -       -    53  B.C.  -       -    74-11  -  -  8  .>6 

the  Atilia  family    -    45  B.C.-       -    68-72  -  -  4-77 

Augustus  and  Agrippa,  30  B.C.-       -    78  58  -  -  i^^i 
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The  arms  and  cutting  instruments  of  the  ancients  were  composed  of  similar 
bronzes,  as  the  foUowing  proportions,  also  selected  from  Mr.  J.  A.  PhiUips  s  analyses, 

will  show :  —  „  ti 

Copper.  I  in. 

Roman  sword  blade,  found  in  the  Thames      -    85-70    -       -    10  02 

Ireland      -       -    91-39    -       -  8-38 
Celtic  „  „        Ireland      -       -    90-23    -       -  7-50 

I,ayard  brought  from  Assyria  a  considerable  variety  of  bronze  articles,  many  of 
them  objects  of  ornament,  but  many  evidently  intended  for  use.  Amongst  others  was 
a  bronze  foot,  which  was  constructed  for  the  purpose  of  support  of  some  kind.  Tliis 
was  submitted  to  the  examination  of  Dr.  Percy.  It  was  then  found  that  the  bronze 
had  been  cast  round  a  support  of  iron.  By  this  means  the  appearance  of  considerable 
lightness  was  attained,  while  great  strength  was  insured.  This  discovery  proves  in  a 
very  satisfactory  manner,  that  the  metallurgists  of  Assyria  were  perfectly  conversant 
with  the  use  of  iron,  and  that  they  employed  it  for  the  purpose  of  imparting  strength 
to  the  less  tenacious  metals  which  they  employed  in  their  art  manufactures.  This 
bronze,  as  analysed  in  the  Metallurgical  Laboratory  of  the  Museum  of  Practical 
Geology,  consists  of  copper  88-37,  tin  11-33. 

Examination  has  shown  that  all  the  bronze  weapons  of  the  Greeks  and  Romans 
were  not  only  of  the  ti-ue  composition  for  ensuring  the  greatest  density  in  the  alloy 
itself,  but  that  these,  by  a  process  of  hammering  the  cutting  edges,  were  brought  up 
to  the  greatest  degree  of  hardness  and  tenacity. 

Before  1542  "brass  ordnance"  (ironze)  was  founded  by  foreigners.  Stow  says 
that  John  Owen  began  to  found  brass  ordnance,  and  that  he  was  the  first  Englishman 
who  ever  made  that  kind  of  artillery  in  England. 

Bell  founding  followed.  Bell-metal  and  other  broken  metal  were  allowed  to  be 
exported  hitherto ;  but  it  being  discovered  that  it  was  applied  to  found  guns  abroad, 
"  brass,  copper,  latten,  bell  metal,  pan  metal,  gun  metal,  and  shroff  metal,  are  pro- 
hibited to  he  exported." 

Bronze  has  almost  always  been  used  for  casting  statues,  basso  relievos,  and  works 
which  were  to  be  exposed  to  atmospheric  influences.  In  forming  such  statues,  the 
alloy  should  be  capable  of  flowing  readily  into  all  the  parts  of  the  mould,  however 
minute;  it  should  be  hard,  in  order  to  resist  accidental  blows,  be  proof  against  the 
influence  of  the  weather,  and  be  of  such  a  nature  as  to  acquire  that  greenish  oxidised 
coat  upon  the  surface,  which  is  so  much  admired  in  the  antique  bronzes,  called  patina 
aniigua.  The  chemical  composition  of  the  bronze  alloy  is  a  matter  therefore  of  the 
first  moment.  The  brothers  Keller,  celebrated  founders  in  the  time  of  Louis  XIV., 
whose  chefs-d'ceuvre  are  well  known,  directed  their  attention  towards  this  point,  to 
which  too  little  importance  is  attached  at  the  present  day.  The  statue  of  Desaix,  in 
the  Place  Dauphine,  and  the  column  in  the  Place  Vendome  are  noted  specimens  of 
most  defective  workmanship  from  mismanagement  of  the  alloys  of  which  they  are 
composed.  On  analysing  separately  specimens  taken  from  the  bas-reliefs  of  the 
pedestal  of  this  column,  from  the  shaft,  and  from  the  capital,  it  was  found  that  the 
first  contained  only  6  per  cent,  of  tin,  and  94  of  copper,  the  second  much  less, 
and  the  third  only  0-21.  It  was  therefore  obvious  that  the  founder,  unskilful  in  the 
melting  of  bronze,  bad  gone  on  progressively  refining  his  alloy,  by  the  oxidisement  of 
the  tin,  till  he  had  exhausted  the  copper,  and  that  he  had  then  -worked  up  the  refuse 
scoriaj  in  the  upper  part  of  the  column.  The  cannon  which  the  Government  fur- 
nished him  for  casting  the  monument  consisted  of:  — 

Copper   89-360 

Tm  10-040 

Lead  -  0-102 
Silver,  zinc,  iron,  and  loss      -       .       .       .       .  0-498 


100-000 

The  moulding  of  the  several  bas-reliefs  was  so  ill  executed,  that  the  chiselers 
employed  to  repair  the  faults  removed  no  less  than  70  tons  of  bronze,  which  was 
given  them,  besides  300,000  francs  for  their  work.  The  statues  made  by  the  Kellers 
at  Versailles  were  found,  on  chemical  analysis,  to  consist  of :  — 


No.  I.  No.  2.  No.  3.  The  mean. 

Copper-       -    91-30  -  -  91-68    -       -    91-22    -       -  91-40 

I  in       -       -      1-00  -  -  2-32 

Zinc     -       -      6-09  -  .  4-03 

Lead     -       -     1-61  .  .  io7 


1-78  -  -  170 
5-57    -       -  5-53 


1-43    -       -  1-37 


100-00  100-00  100-00 


100-00 
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BRONZE. 


The  analysis  of  the  bronze  of  the  statue  of  Louis  XV.  was  as  follows  : — 

Copper  ..  -  .  82-45    Its  speiTific  gravity  was  8*482 

Zinc  .  -  -  -  10  30 

Tin   -  -  -  -  4-10 

Lead-  -  -  -  3-15 


100-00 


The  bronzes  of  France,  according  to  M.  L.  E.  Rivot,  contain  nearly  always  four 
metals,  copper,  tin,  lead,  and  zinc.  They  may  contain  also  very  small  and  variable 
quantities  of  iron,  nickel,  arsenic,  antimony,  and  sulphur. 

The  alloys  most  proper  for  bronze  to  be  afterwards  struck  for  medals  is  composed 
of  from  8  to  12  parts  of  tin  and  from  88  to  92  of  copper  ;  to  which  if  2  or  3  parts  in  the 
hundred  of  zinc  be  added,  they  will  make  it  assume  a  finer  bronze  tint.  The  alloy  of 
the  Kellers  is  famous  for  this  effect.  The  medal  should  be  subjected  to  three  or  four 
successive  stamps  of  the  press,  and  be  softened  between  each  blow  by  being  heated  and 
plunged  into  cold  water. 

The  bronze  of  bells,  or  bell  metal,  is  composed,  in  100  parts,  of  copper  78,  tin  22.  This 
alloy  has  a  fine  compact  grain,  is  very  fusible  and  sonorous.  The  other  metals  some- 
times added  are  rather  prejudicial,  and  merely  increase  the  profit  of  the  founders. 
Some  of  the  English  bells  consist  of  80  copper,  10-1  tin,  5-6  zinc,  4-3  lead;  the  latter 
metal,  when  in  such  large  quantities,  is  apt  to  cause  isolated  drops,  hurtful  to  the  uni- 
formity of  the  alloy. 

The  Tam-tnms  and  Cynibals  of  Bronze. — The  Chinese  make  use  of  bronze  instruments 
forged  by  the  hammer,  which  are  very  thin  and  raised  up  in  the  middle  ;  they  are  called 
gongs,  from  the  word  tslioung,  which  signifies  a  bell.  Klaproth  has  shown  that  they 
contain  nothing  but  copper  and  tin,  in  the  proportion  of  78  of  the  former  metal  and 
22  of  the  latter.  Their  specific  gravity  is  8-815.  This  alloy,  when  newly  cast,  is  as 
brittle  as  glass  ;  but  by  being  plunged  at  a  cherry-ved  heat  into  cold  water,  and  confined 
between  two  discs  of  iron  to  keep  it  in  shape,  it  becomes  tough  and  malleable.  The 
cymbals  consist  of  80  parts  copper  and  20  tin. 

Bronze  vessels,  naturally  brittle,  maybe  made  tenacious  by  the  same  ingenious  pro- 
cess, for  which  the  world  is  indebted  to  M.  Darcet.  Bronze  mortars  for  pounding 
have  their  lips  tempered  in  the  same  way. 

Cannon  Metal  consists  of  about  90  or  91  copper,  and  10  or  9  of  tin.  From  the  ex- 
periments of  Papacino  d'Antony,  made  at  Turin,  in  1770,  it  appears  that  the  most 
proper  alloy  for  great  guns  is  from  12  to  14  parts  of  tin  to  100  of  copper ;  but  the 
Comte  Lamar  tilliere  concluded,  from  his  experiments  made  at  Douay,  in  1 7  86,  that  never 
less  than  8  nor  more  than  11  of  tin  should  be  employed  in  100  parts  of  bronze. 

Gilt  Ornaments  of  Bronze. — This  kind  of  bronze  should  be  easy  of  fusion,  and  take 
perfectly  the  impression  of  the  mould.  The  alloy  of  copper  and  zinc  (brass)  is,  when 
fused,  of  a  pasty  consistence,  does  not  make  a  sharp  cast,  is  apt  to  absorb  too  much 
amalgam,  is  liable  to  crack  in  cooling,  and  is  too  tough  or  too  soft  for  the  chaser  or 
turner ;  and  if  the  quantity  of  zinc  was  increased,  to  make  the  metal  harder,  it  would  lose 
the  yellow  colour  suitable  to  the  gilder.  A  fourfold  combination  of  copper,  zinc,  tin, 
and  lead  is  preferable  for  making  such  ornamental  bronze  articles  ;  and  the  following 
proportions  are  probably  the  best,  as  they  unite  closeness  of  grain  with  the  other  good 
qualities.  Copper  82,  zinc  18,  tin  3  or  1,  lead  1^  or  3.  In  the  alloy  which  contams 
most  lead,  the  tenacity  is  diminished  and  the  density  is  increased,  which  is  preferable 
for  pieces'of  small  dimensions.  Another  alloy,  which  is  said  to  require  for  its  gilding 
only  two-thirds  of  the  ordinary  quantity  of  gold,  has  the  following  composition ; 
copper  82  -247,  zinc  17-481,  tin  0-238,  lead  0-024. 

The  antique  bronze  colour  is  given  to  figures  and  other  objects  made  from  these 
alloys  by  the  following  process  :  —Two  drachms  of  sal-ammoniac,  and  half  a  drachm  of 
salt  of  sorrel,  (binoxalate  of  potash,)  are  to  be  dissolved  in  fourteen  ounce  measures 
rEnelish)  of  colourless  vinegar.  A  hair  pencil  being  dipped  into  this  solution,  and 
pressed  gently  between  the  fingers,  is  to  be  rubbed  equally  over  the  clean  surface  of 
the  object  slightly  warmed  in  the  sun  or  at  a  stove ;  and  the  operation  is  to  be  repeated 
till  the  wished-for  shade  is  obtained.  .  „    .       ,    ,  ^i, 

The  bronze  founder  ought  to  melt  his  metals  rapidly,  in  order  to  prevent  the  loss 
of  tin  zinc,  and  lead  by  their  oxidisement.  Reverberatory  furnaces  have  been  long 
used  fOT  this  operation,  (he  best  being  of  an  elliptical  form.  The  furnaces  with  dome 
tops  are  employed  by  the  bell  founders,  because,  their  alloy  being  more  fusible,  they  do 
not  reauire  so  intense  a  heat;  but  they  also  would  find  their  advantage  in  using  the 
I'stlTid  modfof  fusion.  The  suface  of  the  melting  "fals  shou  d  be  co^^^^^^^^ 
with  small  charcoal  or  coke;  and  when  the  tin  is  added,  it  should  be  de-xtcrouslj 
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thrust  to  the  bottom  of  the  melted  copper.  Immediately  after  stirring  the  melted 
mass  so  as  to  incorporate  its  ingredients,  it  should  be  poured  out  into  the  moulds. 
In  general,  the  metals  most  easily  altered  by  the  fire,  as  the  tin,  should  be  put  in  last. 
The  cooling  should  be  as  quick  as  possible  in  the  moulds,  to  prevent  the  risk  of  the 
metals  separating  from  each  other  in  the  order  of  their  density,  as  they  are  -very  apt 
to  do.  The  addition  of  a  little  ii-on — in  the  form  of  tin  plate  —  to  bronze,  is  reckoned 
to  be  advantageous. 

One  part  of  tin,  and  two  parts  of  copper  (nearly  one  atom  of  tin  and  four  of 
copper,  or  more  exactly  100  parts  of  tin  and  215  copper),  form  the  ordinary  speculum 
metal  of  reflecting  telescopes,  which  is  of  all  the  alloys  the  whitest,  the  most  brilliant, 
the  hardest,  and  the  most  brittle.  The  alloy  of  1  part  of  tin  and  10  of  copper  (or 
nearly  one  atom  of  the  former  to  eighteen  of  the  latter),  is  the  strongest  of  the  whole 
series. 

Ornamental  objects  of  bronze,  after  being  cast,  are  commonly  laid  upon  red-hot 
coals  till  they  take  a  dull  red  heat,  and  are  then  exposed  for  some  time  to  the  air. 
The  surface  is  thereby  freed  from  any  greasy  matter,  some  portion  of  the  zinc  is  dis- 
sipated, and  the  alloy  assumes  more  of  a  coppery  hue,  which  prepares  for  the  subsequent 
gilding.  The  black  tinge  which  it  sometimes  gets  from  the  fire  may  be  removed  by 
washing  it  with  a  weak  acid.  It  may  be  made  very  clean  by  acting  upon  it  with  nitric 
acid,  of  specific  gravity  1-324,  to  which  a  little  common  salt  and  soot  have  been  added, 
the  latter  being  of  doubtful  utility ;  after  which  it  must  be  well  washed  in  water,  and 
dried  with  rags  or  sawdust. 

For  the  following  Table  we  are  indebted  to  Mr.  Eobert  Mallet,  C  E.,  whose  in- 
vestigations in  this  direction  have  been  most  extensive,  and  as  accurate  as  they  are 
extensive  :  — 


Cliemical 
Coil-stitution. 

Composition 
by  Weight 
per  Cent. 

Atomic  Weight. 

Specific  Gravity. 

Fracture.* 

Cu+Sn 

100-00+  0 

31-6 

8-667 

E 

2 

lOCu  +  Sii 

84-29+  15-71 

374-9 

8-561 

FC 

3 

9  Cii  +  Sn 

82-81+  17-19 

343  3 

8-462 

FC 

4 

8  Cu+Sn 

81-10+  18-90 

311-7 

8-459 

FC 

5 

7  Cu+Sn 

78-97+  21-03 

280-1 

8-728 

VC 

6 

6  Cu  +  Sn 

76-29+  23-71 

■248-5 

8-750 

V 

7 

5  Cu  +  Sn 

72  80+  27-20 

2169 

8-575 

C 

8 

4  Cu+Sn 

68-'<il+  31  79 

185-3 

8-400 

C 

9 

3  Cu+Sn 

61-69+  38-31 

153-7 

8-539 

TC 

10 

2  Cu+Sn 

51-73+  48-25 

122-1 

8-416 

VC 

11 

Cu+Sn 

34-92+  65-08 

90-6 

8-056 

TC 

12 

Cu  +  2  Sn 

21-15+  78-85 

149-4 

7-387 

CC 

13 

Cu+3Sn 

1517+  84-83 

208-3 

7-447 

CC 

14 

Cu+4  Sn 

11-82+  88  18 

207-2 

7-472 

CC 

15 

Cu+5Sn 

9-68+  90-32 

3J6-1 

7-442 

E 

|l6 
1 

+Sn 

0  00+100-00 

58-9 

7-291 

F 

Colour  of  Fracture. 


Tile  red  - 
Reddish  yellow,  1 
Reddisli  yellow,  2 
Yellowish  red,  2 

Yellowish  red,  I 

Bluish  red,  I 
Bluish  red,  2 
Ash  grey 
Dark  grey  - 
Greyish  white,  1 
Whiter  still,  2  - 
Ditto       3  - 


3°- 


Ditto 
Ditto 
Ditto 

White,  7 


24-6 
16-1 
15-2 
177 

13-6 

9-7 
4-9 
0-7 

0-  5 
1*7 

1-  4 
3-9 

3-1 
3-1 

2-  7 

2-5 


Inverse  Order  of  | 
Ductility. 

Order  of  Mallea- 
bUilj  at  60°  F. 

Inverse  Order  of 
Hardness. 

1  Inverse  Order  of 
1  Fusibility. 

Commerdal  Titles, 
characteristic  Properties 
in  worlting,  &c. 

I 

2 

10 

IG 

Copper. 

2 

6 

8 

15 

Gun  metal,  &c. 

3 

7 

5 

14 

Ditto. 

4 

10 

4 

13 

Gun  metal ,  tem- 

5 

pers  best 

11 

3 

12 

Hard  mill  brasses. 

&c. 

0 

12 

2 

11 

Brittle.t 

0 

13 

1 

10 

Brittle. t 

0 

14 

6 

9 

Crumbles. t 

0 

16 

7 

8 

Criunbles-t 

0 

15 

9 

7 

Brittle.t 

0 

9 

1 

6 

Small  bells,  brittle.f 

0 

8 

1 

5 

Ditto  brittle.} 

Speculum  :  — 

0 

5 

1 

4 

Metal  of  authors. 

8 

4 

14 

3 

Files,  tough. 

6 

3 

15 

2 

Files,   soft  and 

tough. 

7 

I 

16 

1 

Tin. 

In  1856,  we  imported,  of  Bronze,  works  of  art,  21  cwts. ;  and  of  manufactures  of 
bronze,  or  of  metal  bronzed  or  lacquered,  3492  cwts. 

BRONZING.  The  process  for  giving  to  metals,  plaster,  wood,  or  any  other  body 
a  bronze-like  surface.  •'' 

Various  processes  have  been  adopted  for  producing  this  effect 
i,^^n^I?         castings  are  to  be  bronzed,  it  is  essential,  in  the 'first  place,  that  thev 
should  be  thoroughly  cleansed  from  grease,  and  brightened  either  with  the  file  or 
emery-paper,  or  by  boiling  m  a  strong  ley  and  then  scouring  with  fine  sand  and 

Vinegar  alone  is  sometimes  employed  to  produce  the  green  bronze  colour:  some- 
imes  dilute  nunc  acid,  and  often  the  muriate  of  ammonia  (.a/ ammo»S  T^is 
lat  er  salt  and  vmegar  are  frequently  combined,  and  often  a  little  common  table  salt  s 
added  to  the  bronzing  fluid.  ^ 

^^r^.,S^!^:^il^;^!r;ii:^'''  "  --^oidal;  V,  Vitreous;  v  c. 

t  All  these  alloys  are  found  occasionally  in  bells  and  specula  with  mixtures  of  Zn  and  Pb. 
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Coins  and  medals  may  be  bronzed  with  the  following  solution  :  —  2  parts  of  ver- 
digris and  1  part  of  sal  ammoniac  are  to  be  dissolved  in  vinegar ;  the  solution  is  to  be 
boiled,  skimmed,  and  diluted  with  water  till  it  has  only  a  weak  metallic  taste,  and 
upon  further  dilution  lets  fall  no  precipitate.  Tliis  solution  is  made  to  boil  briskly, 
and  is  poured  upon  the  objects  to  be  bronzed.  These  are  well  washed  with  clean 
Avater,  and  then  lacquered. 

To  give  fresh-made  bronze  objects  an  antique  appearance,  three  quarters  of  an 
ounce  of  sal  ammoniac,  and  a  drachm  and  a  half  of  binoxalate  of  potash  (salt  of 
sorrel)  are  to  be  dissolved  in  a  quart  of  vinegar,  and  a  soft  rag  or  brush  moistoned 
with  this  solution  is  to  be  rubbed  over  the  clean  bright  metal  till  its  surface  becomes 
entirely  dry  by  the  friction.  This  process  must  be  repeated  several  times  to  produce 
the  full  effect ;  and  the  object  should  be  kept  a  little  warm.  Copper  acquires  very 
readily  a  brown  colour  by  rubbing  it  with  a  solution  of  the  common  liver  of  sulphur, 
or  sulphuret  of  potassium. 

The  Chinese  are  said  to  bronze  their  copper  vessels  by  taking  2  ounces  of  verdi- 
gris, 2  ounces  of  cinnabar,  5  ounces  of  sal  ammoniac,  and  5  ounces  of  alum,  all  in 
powder,  making  them  into  a  paste  with  vinegar,  and  spreading  this  pretty  thick  like  a 
pigment  on  the  surfaces  previously  brightened.  The  piece  is  then  to  be  held  a  little 
■while  over  a  fire,  till  it  becomes  uniformly  heated.  It  is  next  cooled,  washed,  and 
dried ;  after  which  it  is  treated  in  the  same  way  once  and  again  till  the  wished-for 
colour  is  obtained.  An  addition  of  sulphate  of  copper  makes  the  colour  incline  more 
to  chesnut  brown,  and  of  borax  more  to  yellow.  It  is  obvious  that  the  cinnabar 
produces  a  thin  coat  of  sulphuret  of  copper  upon  the  surface  of  the  vessel,  and  might 
probably  be  used  with  advantage  by  itself. 

To  give  the  appearance  of  antique  bronze  to  modern  articles,  we  should  dissolve 
1  part  of  sal  ammoniac,  3  parts  of  cream  of  tartar,  and  6  parts  of  common  salt  in 
12  parts  of  hot  water,  and  mix  with  the  solution  8  parts  of  a  solution  of  niirate 
of  copper  of  specific  gravity  1'160.  This  compound,  when  applied  repeatedly  in  a 
moderately  damp  place  to  bronze,  gives  it  in  a  short  time  a  durable  green  coat, 
which  becomes  by  degrees  very  beautiful.  More  salt  gives  it  a  yellowish  tinge,  less 
salt  a  bluish  (jast.  A  large  addition  of  sal  ammoniac  accelerates  the  operation  of  the 
mordant. 

The  best  and  most  rapid  bronzing  liquid,  which  may  be  applied  to  copper,  brass, 
iron,  or  to  new  bronze,  with  equal  advantage,  is  a  solution  of  the  chloride  of 
platinum  (nitro-muriate  of  platinum)  called  chemical  bronze ;  but  it  is  expensive. 
With  the  chloride  of  platinum,  almost  any  colour  can  be  produced,  according  to  the 
degree  of  dilution  and  the  number  of  applications. 

Some  beautiful  effects  are  produced  upon  bronze,  and  also  upon  iron  castings,  by 
treating  them  with  dilute  acids.  The  action  here  is  scarcely  to  be  described  as 
bronzing ;  it  is,  in  fact,  merely  developing  the  true  colour  of  the  metal  or  alloy. 

With  the  view  of  rendering  the  action  of  the  bronzing  liquid  as  uniform  as  possible, 
small  articles  are  dipped ;  for  larger  articles,  the  bronzing  liquid  is  dabbed  on  plentifully 
with  a  linen  rag.  The  dabbing  process  is  to  prevent  the  occurrence  of  streaks,  which 
might  arise  if  "the  liquid  was  applied  in  straight  strokes.  When  properly  bronzed 
and  washed,  the  work  is  usually  black-leaded,  to  give  it  a  polished  appearance. 

Bronzing  of  Objects  in  Imitation  of  Metallic  Bronze.  —  Plaster  of  Paris,  paper, 
wood,  and  pasteboard,  may  be  made  to  resemble  pretty  closely  the  appeafance  of  ar- 
ticles of  real  bronze,  modern  or  antique.  The  simplest  way  of  giving  a  brilliant  aspect 
of  this  kind  is  with  a  varnish  made  of  the  waste  gold  leaf  of  the  beater,  ground  up  on 
a  porphyry  slab  with  honey  or  gum-water.  A  coat  of  drying  linseed-oil  should  be 
first  applied,  and  then  the  metallic  powder  is  put  on  with  a  hnen  dossil.  Mosaic  gold 
ground  up  with  six  parts  of  bone-ashes  has  been  used  in  the  same  way.  When  it  is 
to  be  put  on  paper,  it  should  be  ground  up  alone  with  white  of  eggs  or  spirit  varnish, 
applied  with  a  brush,  and  burnished  when  dry.  When  a  plate  of  iron  is  plunged  into 
a  hot  solution  of  sulphate  of  copper,  it  throws  down  fine  scales  of  copper,  which  being 
repeatedly  washed  with  water,  and  ground  along  with  six  times  its  weight  of  bone- 
ashes,  forms  a  tolerable  bronzing.  .  ■  •    ,  v  a 

Powdered  and  sifted  tin  may  be  mixed  with  a  clear  solution  of  ismglass,  applied 
with  a  brush,  and  burnished  or  not,  according  as  a  bright  or  dead  surface  is  desired. 
Gypsum  casts  are  commonly  bronzed  by  rubbing  brilliant  black-lead,  graphite,  upon 

them  with  a  cloth  or  brush.  ,        ^  i 

Browning  of  Gun-Barrels  and  other  ^m..- By  this  process  the  surface  of  several 
articles  of  iron  acquires  ashining  brown  colour.    .T'^'^.P-'^Paration  which  pro^^^^^^^^^^^ 
iron  from  rust,  and  also  improves  its  appearance,  is  chiefly  '^'"/°>  f,f°^  ^'^J^"'  ^'',", 
fowling-pieces  and  soldiers'  rifles,  to  conceal  the  fire-arms  from  t^e  g«'";/f 
enemy     The  finest  kind  of  browning  is  the  Damascus,  in  which  dark  and  b.  ight  lines 
run  through  the  brown  ground. 
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This  operation  consists  in  producing  a  very  thin  uniform  film  of  oxide  or  rust  upon 
the  iron,  and  giving  a  gloss  to  its  surface  by  rubbing  wax  over  it,  or  coating  it  with  a 
shell-lac  varnish. 

Several  means  may  be  employed  to  produce  this  rust  speedily  and  well.  The  efi'ect 
may  be  obtained  by  inclosing  the  barrels  in  a  space  filled  with  the  vapour  of  muriatic 
acid.  Moistening  their  surface  with  diluted  muriatic  or  nitric  acid  will  answer  the  same 
purpose.  But  the  most  common  material  used  for  browning  is  the  butter  or  chloride 
of  antimony,  -which,  on  account  of  its  being  subservient  to  this  purpose,  has  been  called 
bronzing  salt.  It  is  mixed  uniformly  with  olive  oil,  and  rubbed  upon  tbe  iron  slightly 
heated,  which  is  afterwards  exposed  to  the  air,  till  the  wished-for  degree  of  browning 
is  produced.  A  little  aquafortis  is  rubbed  on  after  the  antimony,  to  quicken  its  ope- 
ration. The  brown  barrel  must  be  then  carefully  cleaned,  washed  with  water,  dried, 
and  finally  polished,  either  by  the  steel  burnisher,  or  rubbed  with  white  wax,  or  var- 
nished with  a  solution  of  2  ounces  of  shell-lac  and  3  drachms  of  dragon's  blood,  in  2 
quarts  of  spirits  of  wine. 

The  following  process  may  also  be  recommended  : — Make  a  solution  with  half  an 
ounce  of  aquafortis,  half  an  ounce  of  sweet  spirit  of  nitre,  1  ounce  of  spirit  of  wine, 
.'i  ounces  of  sulphate  of  copper,  and  1  ounce  of  tincture  of  iron,  in  so  much  water  as 
will  fill  altogether  a  quart  measure.  The  gun  barrel  to  be  browned  must  first  of  all  be 
filed  and  polished  bright,  and  then  rubbed  with  unslaked  lime  and  water  to  clear  away 
all  the  grease.  Its  two  ends  must  now  be  stopped  with  wooden  rods,  which  may  serve 
as  handles,  and  the  touch-hole  must  be  filled  with  wax.  The  barrel  is  then  to  be 
rubbed  with  the  solution,  applied  to  linen  rags  or  a  sponge,  till  the  whole  surface  be 
equally  moistened  ;  it  is  allowed  to  stand  2i  hours,  and  is  then  scrubbed  oif  with  a  stiff 
brush.  The  application  of  the  liquid  and  the  brushing  may  be  repeated  twice  or 
oftener,  till  the  iron  acquires  a  brown  colour.  After  the  last  brushing,  the  barrel 
must  be  washed  with  plenty  of  boiling  water  containing  a  little  potash,  then  washed  with 
clean  water,  dried,  rubbed  with  polishing  woods,  and  then  coated  with  shell-lac  varnish. 

BRONZE  POWDERS  have  been  much  used  of  late  in  the  decorative  painting  of 
houses,  &c.  They  are  prepared  of  every  shade,  from  that  of  bright  gold  to  orange 
dark  copper,  emerald  green,  &c.  Pale  gold  is  produced  from  an  alloy  of  IsAf 
copper,  and  2|  of  zinc;  crimson  metallic  lustre  — from  copper:  ditto,  paler  comer 
and  a  very  little  zinc;  green  bronze  with  a  proportion  of  verdigris;  another  fine 
orange  by  14i  copper  and  ij  zinc;  another  ditto,  13f  copper  and  2^  zinc:  a  beautiful 
pale  gold  from  an  alloy  of  the  two  metals  in  atomic  proportions. 

The  alloy  is  laminated  into  very  fine  leaves  with  careful  annealing,  and  these  are 
levigated  into  impalpable  powders  along  with  a  film  of  fine  oil  to  prevent  oxidisement 
ana  to  favour  the  levigation.  ' 

fi,^^"'*'v'^f^T^  powders  and  metallic  leaves,  Mr.  Brandeis  furnished,  to 

the  New  York  Exhibition,  an  account  of  his  articles  of  manufacture 

"  Bronzes,  or,  more  correctly,  metallic  powders  resembling  gold  dust,  were  invented 
T^nh?  T  '^y/esearches.  in  1648,  by  a  monk,  at  Furth,  in  Bavaria,  named 
Theophrastus  Alhs  Bombergensis.  He  took  the  scraps  or  cuttings  of  the  metallic 
leaves  then  known  as  "Dutch  leaf,"  and  ground  them  wi?h  honey.  This  ronghrmade 
Jook?&e        '''''  ornamenting  parchments,  capital  letters  in  bibles,^choraI 

As  the  Consumption  of  metaUic  leaf  increased,  and  the  properties  of  alloys  became 
X:.^^:::;tZ::'''^''''''  ^^^^  -dLmthescrapravlx-e"; 

4}'^:^i^!'TLr^^^^^^  ---^  "«le  change  or 

75?rrp"eltm?of  Moppet  ^""^^^^^^  ^°  to 

Fi-ench  leaf  contains  more  zinc,  is  harder,  less  ductile,  and  has  a  purer  yellow  colour 
anf  "  '  °'         ^'^•^      °^  ^  grLish^old  co,o^^^^^^ 

beating  is  similar  to  the  mode  for  producing  gold  leaves         '  ' 

J  he  scraps,  cuttings,  and  fragments  of  these  leaves  are  the  materink  fnr  rK.  n 
bronze  powders.    First  hnislipH  t>irn„n-;,     c„-  '•"^  tor  the  German 

oxide  upon  the  surface  of  the  parSs     Thf  ^t'-'rZr^^  ^  ^'"^  «f 

the  demand,  and  the  supply  of  he  waste  ma^te^.l  nf        '  ^'P'""^'  "Poa 

change  accordingly.  ""'"''^^      "^^  metal  leaves,  and  prices 
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Messrs.  Braudeis  patent  their  process,  and  in  place  of  being  dependent  upon 
uncertain  supplies  of  metal  and  unknown  composition,  they  take  the  metals  at  once  in 
a  state  of  purity  (say  copper  by  voltaic  precipitation):  it  is  alloyed  with  zinc,  cast  into 
ingots,  rolled  into  ribands,  cut,  annealed,  and  rolled  until  the  metal  is  thin  and  leaf- 
like ;  then  it  is  taken  to  a  steam  mill,  and  ground.  The  bronze  powder  is  washed 
out  and  dried,  then  introduced  into  an  air-tight  room,  with  an  arrangement  of  boxes ; 
the  air  of  the  chamber  is  set  in  violent  motion  by  bellows,  and  thepowder  diffused 
throughout ;  the  bronze  powders  are  deposited,  the  finest  in  the  upper  boxes,  and 
the  coarser  powders  below.  When  settled,  mineral  varnish  is  introduced;  the  boxes 
fitted  with  tight  lids  are  made  to  revolve,  and  the  particles  are  thus  rapidly  coated 
and  the  highest  metallic  brilliancy  imparted.  Different  shades  of  colour,  pink,  crim- 
son, &c ,  are  produced  by  submitting  the  powder  to  heat  and  oxidation  before  the 
rapid  revolutions  of  the  varnishing  boxes. 

The  quantity  thus  produced  by  one  firm,  with  three  steam-engines  at  work,  enables 
the  finished  bronze  powders  to  be  produced  at  a  rate  about  equal  to  the  price  the 
German  manufacturer  has  to  pay  for  his  materials — the  cuttings  and  scraps  of  leaves. 
Hence,  for  the  purposes  of  trade  and  art,  a  large  exportation  of  bronze  powders 
takes  place  from  America  to  Europe,  South  America,  and  China. 

The  bronze  powders  are  largely  used  in  japanning,  bronzing  tin  and  iron  goods, 
ornamental  works  of  paper,  wood,  oil-cloth,  leather,  &c.  ;  while  sign-boards  and  the 
decoration  of  public  buildings  have  effective  metallic  brilliant  surfaces  of  beauty  and 
durability.    In  fact,  for  ornamental  decorations,  the  demand  steadily  increases. 

In  Holland  and  Germany  the  subject  has  been  examined,  with  the  view  of  ascer- 
taining the  effect  of  chemical  composition. 

De  Heer  E.  R.  Konig  has  lately  given  a  Table  of  the  analyses  of  the  best  European 
samples  of  bronze  powders  and  leaves  (  Volksflight) : — 


Copper. 

Zinc. 

Iron. 

Tin. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

82-38 

16-69 

0-16 

0 

84-50 

15-30 

0-07 

0 

90- 

9  61 

0-20 

0 

98-93 

0-73 

008 

0 

99-90 

0-00 

trace. 

0 

98-22 

0.5 

0-30 

trace. 

84-32 

15-02 

0-OS 

trace. 

0-00 

2-39 

0-56 

97-46 

1 .  Light  yellow  

2.  Gold  yellow  

3.  Messing  yellow,  or  brass  copper  red- 

yellow  colour  

4.  Copper  bronze  orange 

5.  Copper  red,  high  shade  of  purple  colour 

6.  Purple  violet  

7.  Light  green  

8.  Tin  white  or  leaden  grey  . 


Our  Importations  in  1856  of  Beonze  Pom>EBS  were  valued  at  4737^.,  according  to 
the  Custom  House  computation. 

BROWN  COAL  is  of  a  brownish-black  colour,  and  presents,  in  some  cases,  the 
texture  of  wood,  when  it  is  called  Lignite  ;  but,  in  some  varieties,  all  organic  struc- 
ture has  disappeared,  and  it  is  then  caUed  pitch  coal,  from  its  strong  resemblance  to 

^^"^The  beds  of  brown  coal  are  generally  of  small  extent,  and  are  of  later  date  than 
the  true  carboniferous  strata,  belonging  to  the  Tertiary  period. 

Brown  coal  is  worked  in  Saxony  and  in  countries  where  there  is  an  absence  of  true 
carboniferous  deposits.    It  burns  with  an  empyreumatic  odour,  and  generally  contams 

more  pyrites  than  ordinary  coal.  ■  e    Ko.;,,  „r.A 

At  Steiereeo.,  in  Southern  Styria,  brown  coal  occurs  in  the  form  of  a  basm  ;  and 
has  been  opened  out  through  a  distance  of  more  than  two  miles.  The  <=oal  from  8 
to  16  feet  thick,  is  of  good  quality.    It  contains  9  to  14  per  cent,  of  water,  and  leaves 

''7^.ZZ'i'^.'^^i^^^^^^  Oregon:  volatile  matter  49-5 ;  W 

^"r^ar^y 'orbroJn'  cXcatiedlhe^p^per-coal  of  Rott.  near  Bonn,  and  of  Erpel  on 
the  Rhine  contains  numerous  remains  of  freshwater  fislies,  Lettcisais  papyraccn.y, 
ind  of  Frogs,  Palcrophrygnos  grandipes.    The  ashes  of  this  coal  are.  also,  rich  m 

~t  of  the  brown  coals  of  this  country,  see  LxaNXTK  and  Boohead 

b'rOWN  dye.  Upon  this  subject  some  general  views  are  given  in  the  article 
DveVno  expla^nat^^^^  of'  the  nature  of  this  colour.  This  dye  presents  a  vast  yar  ety 
?f  tir-  fS  n  yellow  and  red  to  black-brown  -  and  is  produced  either  by  mixtures 
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of  red,  yellow,  and  bliie  witK  each  other,  or  of  yellow  or  red  with  black,  or  by 
substantive  colours,  such  as  catechu  or  oxide  of  manganese  alone.  We  shall  here 
notice  only  the  principal  shades,  leaving  their  modifications  to  the  caprice  or  skill  of 
the  dyer. 

Brown,  from  mixtnre  of  other-colours. 

Wool  and  woollen  cloths  must  be  boiled  with  ^th  their  weight  of  alum  and  sulpho- 
tartrate  of  iron,  afterwards  washed,  and  winced  through  the  madder  bath,  which  dyes 
the  portion  of  the  stuff  imbued  with  the  alum  red,  and  that  with  the  salt  of  iron 
black,  the  tint  depending  upon  the  proportion  of  each  and  the  duration  of  the  madder 
bath. 

A  similar  brown  is  produced  by  boiling  every  pound  of  the  stuff  with  two  ounces  of 
alum  and  one  ounce  of  common  salt,  and  then  dyeing  it  in  a  bath  of  logwood  contain- 
ing either  sulphotartrate,  acetate,  or  sulphate  of  iron  ;  or  the  stuff  may  be  boiled  with 
alum  and  tartar,  dyed  up  in  a  madder  bath,  and  then  run  through  a  black  bath  of  iron 
mordant  and  galls  or  sumach.  Here  the  black  tint  is  added  to  the  red  till  the  proper 
hue  be  hit.  The  brown  may  be  produced  also  by  adding  some  iron  liquor  to  the 
madder  bath,  after  the  stuff  has  been  dyed  up  in  it  with  alum  and  tartar.  A  better 
brown  of  this  kind  is  obtained  by  boiling  every  pound  of  wool  with  two  ounces  of 
alum,  dyemg  it  up  in  cochineal,  then  changing  the  crimson  thus  given  into  brown  by 
turnmg  the  stuff  througb  the  bath  after  acetate  of  iron  has  been  added  to  it 

Instead  of  cochiueal,  archil  or  cudbear,  with  a  little  galls  or  sumach,  may  be  added 

A  superior  brown  is  produced  upon  cotton  goods  which  have  undergone  the  oUine 
process  of  the  Turkey-red  dye.  Such  goods  must  be  galled,  mordanted  with  alum 
(see  Madder),  sulphate  of  iron,  and  acetate  of  lead  (equal  to  frds  of  the  alumV  after 
washing  and  drying,  dyed  in  a  madder  bath,  and  cleared  with  a  soap  boil  The  tint 
ot  brown  varies  with  the  proportion  of  alum  and  sulphate  of  iron. 

Brown  may  be  produced  by  direct  dyes. 

The  decoction  of  oak  bark  dyes  wool  a  fast  brown  colour,  of  different  shades 
according  to  the  concentration  of  the  bath.    Alum  improves  the  colour 

The  bastard  niarjorum  {Origanum  vulgare)  dyes  cotton  and  linen  a  reddish-brown 
with  acetate  of  alumina,  and  wool  of  a  dark-brown  uiown 

The  bark  of  the  mangove  free  (Rhizophora  mangle)  gives  a  red-brown  colour  to 

iTon  istdSed"     "  '""^  "  ^^'^^  «"lph  "e  of 

rJIf.ri^u}^^-^^^^  ^^^"'0'^  "'^eraria  and  the  African  Mimosa  nilotica 

called  the  iai/ai  give  cotton  a  b.wn,  with  acetate  or  sulphate  of  copper  ' 

.=1,=^^!  V         '     r^'*^  7°'^  {NymphcBa  alba)  gives  to  cotton  and  wool  beautiful 
shades  of  brown.    A  mordant  of  sulphate  of  iron  and  zinc  is  first  giVen  and  then 
the  wool  IS  turned  through  the  decoction  of  the  root  till  the  wkhS  1^-'  1  a 
obtained.    The  cotton  must  be  mordanted  with  a  mixture'of  \he  IcSfof  ht'Ld 

Walnut  {Juglans  regai)  peelings,  when  ripe,  contain  a  dark-brown  dveshiff  whJ.T, 
communicates  a  permanent  colour  to  wool.    The  older  the  infn  Jon^/!.  '7 
the  peel,  the  better  dye  does  it  make    The  stuff  is  dved  in  th!^^      decoction  of 
needs  no  mordant,  though  it  becomes  briEhter  with  nl  ^""^ 

bined  with  the  madder  or  fnsticZth  t  fi^e  7ar^^^^^^^^^ 

this  bath  should  be  hardly  lukewarm,  for  ffar  of  cSglet  aHty  Tf  coIoC^ 

stuff  is  previously  mordanted  with  thi  acetSf  of  coS  «n7f,  °'  Z^^"" 

t.rnes  with  a  little  iron  liquor,  rinsed,  driedrSdlyTu?, 

TT.l7:::'!fonll^^^^^  ^o  cotton  and  silk. 

4  oz.  of  verdigris,  with  5  oz  of  r^ur k'e      ammonk    K"hro       }      °'  "'"'"'^^ 
by  passmg  the  stuff  through  a  solution  of  muiTate  or  sulnhat.  of  ^'^^^ 

'  ^td 

shade  more  or  less  towards  red,  black,  yellow,  bluT&c 

\01.   I.  g  jj 
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BROWN  IRON  ORE  (or  Limonite)  is  one  of  the  most  important  ores  of  iron,  and, 
at  the  same  time,  one  of  the  most  abundant  as  -welWs  most  widely  diffused.  It  never 
occurs  crystallised,  but  usually  in  stalactitic,  botryoidal,  and  manimillated  forms,  with 
a  fibrous  structure,  a  silky  lustre,  and  often  a  semi-metallic  appearance:  it  also  occurs 
massive  and  sometimes  eai'thy.  In  colour  it  is  of  various  shades  of  brown,  generally 
dark  never  bright.  It  affords  a  brownish-yellow  streak,  which  distinguishes  it  from 
other  ores  of  the  same  metal.  It  dissolves  in  warm  nitro-muriatic  acid,  and  in  a 
matrass  gives  off  water.  Before  the  blowpipe  it  blackens  and  fuses,  when  in  thin 
splinters ;  with  borax,  it  gives  an  iron  reaction.  H  =  5  to  5'5  ;  specific  gravity  =  3'6 
Brown  iron  ore  is  a  hydrated  peroxide  of  iron,  composed  of  peroxide  of  iron, 
and  water  14-4  =  1 00-0;  but  it  frequently  contains  small  per-centages  of  silica. 


splinters ; 
to  4. 
85-6. 

alumina,  &c 


aiuniiuii,  etc. 

The  principal  varieties  of  this  ore  are  brown  hematite,  comprising  the  compact  and 
mammillary  varieties,  scaly  and  ochry  brown  iron  ore,  yellow  ochre  constituting  the 
decomposed  earthy  varieties,  which  are  often  soft,  like  chalk.  Bog  iron  ore  and  clay 
inm  stone  are  sometimes  classed  under  this  head,  but  it  appears  to  us,  especially  as  it 
regards  the  latter,  improperly.  The  hydrated  oxides  of  Northamptonshire  and  Bed- 
fordshire may  with  propriety  be  called  brown  iron  ore. 

Brown  iron  ore  is  found  in  Cornwall,  in  the  carboniferous  limestone  at  Clifton,  near 
Bristol,  and  in  the  Forest  of  Dean  ;  in  Shetland,  Carinthia,  Bohemia,  Siegen  near 
Bonn,  Villa  Rica  in  the  Brazils,  and  Peru. 

Brown  Hematite  occurs  at  Talcheer,  in  the  Bengal  coal-bearing  strata,  which  are 
probably  of  Permian  age.  It  is  smelted  with  the  charcoal  made  on  the  spot,  and  pro- 
duces iron  of  excellent  quality.  According  to  the  calculations  of  Professor  Oldham, 
it  takes  2^  tons  of  charcoal  to  produce  1  ton  of  iron.— H.W.B.    See  Iron. 

BRUCiNE.  (C^°ff''N''0^;  syn.Canimarine.Vomicine.)  A  very  bitter  and  poisonous 
alkaloid  accompanying  strychnine  in  nux  vomica  and  in  the  false  angustura  bark 
(Brucia  untidy senterica).  Brucine  may  be  separated  from  strychnine  by  takmg  ad- 
vantage of  the  greater  solubility  of  the  former  and  its  nitrate.  It  is  somewhat  less 
poisonous  than  strychnine,  and,  like  that  base,  is  used  in  the  treatment  of  paralysis, 
but  in  rather  larger  doses.  Brucine  is  prepared  by  the  same  process  as  strychnine.— 
C  G  W, 

BRYLE,  or  BROIL.  A  mining  term.    The  loose  matters  found  in  a  lode  near  the 
surface  of  the  earth ;  probably  a  corruption  of  Beuheyl  (which  see). 

BRUSHES.  {Brosscs,  Fr.;  Burslen,  Germ.)  Since  Mr.  Mason  introduced  his 
mode  of  securing  the  hairs  in  brushes,  it  has,  in  all  the  better  class  of  brushes,  been 
very  generally  adopted.  His  patent  dates  1830.  Modified  contrivances,  partalung 
more  or  less  of  the  original  conditions,  have  been  introduced  in  the  manufacture.  I  he 
nrinciples  of  Mr.  Mason's  invention  and  its  subsequent  modifications  consist  in  a 
firmer  mode  of  fixing  the  knots,  or  small  bundles,  of  hair  into  the  stock  or  the  handle 
of  the  brush.  Tiiis  is  done  by  forming  grooves  in  the  stocks  of  the  brushes  for  the 
purpose  of  receiving  the  ends  of  the  knots  of  hair,  instead  of  the  holes  drilled  into 
the  wood,  as  in  brushes  of  the  common  constructions.  These  grooves  are  to  be 
formed  like  a  dovetail,  or  wider  at  the  bottom  than  the  top ;  and  when  the  ends  of  the 
'  knots  of  hair  have  been  dipped  into  cement,  they  are 

283    "  e      t;o  be  placed  in  the  grooves  and  compressed  mto  an 
oval  form,  by  which  the  ends  of  the  hair  will  be 
pressed  outwards  into  the  recess  or  wider  part  of  the 
dovetailed  groove,  or  the  grooves  may  be  formed  with 
.„  .  ,    ,  threads  or  teeth  on  the  sides,  instead  of  being  dove- 

^''^     -      -  '   '  tailed;  and  the  cement  and  hairs,  being  pressed  into 

the  teeth  or  threads,  will  cause  them  to  adhere  firmly 
to  the  stock  or  handle  of  the  brush. 

A  metal  ferrule  may  be  placed  on  the  outside  of  the 
stock  of  the  brush,  if  necessary,  and  secured  by  pins 
or  rivets  or  in  any  other  convenient  manner,  which 
ferrule  m'ay  also  form  one  side  of  the  outer  groove. 

Fiq  285  is  a  plan  view  of  the  stock  of  a  round 
brush  ;  fiq.  283  is  a  section  of  the  same ;  a  a  are  the 
dovetailed  grooves  which  are  turned  out  of  the  wood ; 
,  is  the  metal  ferrule ;  c  c  are  knots  „r  small  bundles      bair  to  ^  orm  the 

Afteranumher  of  the  l^^f ^J^'J  ^  :„P;;s!  when  ^^^^^^^^^  ends  are  to  be  squeezed  by  a 
cement,  and  then  placed  '°_^'«jjf  jrooveS;^        them  into  the  oval  shape,  as  shown 

t}^ir:^cS^^^^^^^'  — ^  '^"^^^ 

Th^VnouTflmir  are  to  be  successively  placed  in  the  grooves,  and  forced  up  by 
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a  tool  against  the  last  knot  put  in,  and  so  on,  until  the  grooves  are  filled;  fig.  285 
is  a  brush  with  teeth  or  threads  of  a  screw  formed  upon  the  sides  of  the  groove;  into 
these  teeth  or  threads  the  cement  and  hairs  will  be  forced  by  the  compression,  by 
which  means  they  will  be  held  firmly  in  the  stock  of  the  brush. 

Brushes  and  Brooms:  Exports  in  1856: — Value  of  exports,  37,041/. 

BRUSH  WHEELS.  In  light  machinery,  wheels  are  sometimes  made  to  turn  each 
other  by  means  of  bristles  fixed  in  their  circumference;  these  are  called  brush  wheels. 
The  term  is  sometimes  applied  to  wheels  which  move  by  their  friction  only. 

BUCKING.  A  mining  term.  Bruising  of  the  ore.  A  bucking  iron  is  a  flat  iron 
fixed  on  a  handle,  with  which  the  ore  is  crushed ;  and  a  bucking  plate  is  an  iron  plate 
on  which  the  ore  is  placed  to  be  crushed. 

BUCKTHORN.  (Hhammis  catharticus.)  This  plant  is  a  native  of  England ;  it 
grows  to  the  height  of  from  15  to  20  feet ;  its  flowers  are  greenish-coloured,  and  its 
berries  four-seeded.  It  is  the  fruit  of  this  plant  which  is  sold  under  the  name  of 
French  berries.  The  juice  of  these,  when  in  an  unripe  state,  has  the  colour  of  safii-on ; 
•when  ripe  and  mixed  with  alum,  it  forms  the  sap-green  of  the  painters ;  and  in 
a  very  ripe  state,  the  berries  afford  a  purpl-e  colour.  The  bark  also  yields  a  fine 
yellow  dye. 

The  alder  buckthorn  {Rhamnus  FrajtguJa)  grows  naturally,  and  is  very  abundant 
in  woods  and  thickets  in  some  parts  of  Britain.  The  berries  of  this  species  are  often 
substituted  for  those  of  the  above  ;  but  they  are  easily  detected,  since  they  contain  only 
two  seeds.  In  a  green  state,  they  dye  wool  green  and  yellow ;  when  ripe,  bluish  grey, 
blue,  and  green.  The  bark  also  dyes  yellow,  and,  with  preparations  of  iron,  black.— 
Lawson. 

Rock  buckthorn  {Rhamnus  saxatilis),  the  berries  of  which  are  used  to  dye  morocco 
leather  yellow.  These,  in  common  with  the  narrow-leaved  buckthorn  berries  (R. 
Clusii)  and  those  of  the  yellow-berried  buckthorn  (iJ.  infectoria),  are  sold  as  Avignon 
berries.  The  wood  of  the  Rhamnus  erythroxylon  (which  is  a  native  of  Siberia  but 
grows  freely  m  this  climate),  in  a  ground  state,  yields  the  bright  red  colour  known  to 
dyers  under  the  name  of  red  wood. 

BUCKWHEAT.  {Ble  Sarrasin,  Fr.;  Buchweizen,  Germ.)  The  common  buck- 
wheat {Polygonum  fagopyrum,  from  poly,  many,  and  gonu,  a  knee,  in  reference  to  its 
numerous  jomts)  is  cultivated  for  feeding  pheasants  and  other  game ;  and  is  now 
being  largely  used  in  France  and  in  this  country  in  distilleries 

"  In  France,  besides  being  used  for  feeding  fowls,  pigs,  &c.,'it  is  given  to  horses- 
and  It  IS  said  that  a  bushel  of  its  grains  goes  further  than  two  bushels  of  oats,  and,  if 
mixed  with  four  tunes  its  bulk  of  bran,  will  be  full  feeding  for  any  horse  for  a  week 
Its  haulm,  or  straw,  is  said  to  be  more  nourishing  than  that  of  clover  and  ifR 
beautiful  pink  or  reddish  blossoms  form  a  rich  repast  for  bees."-  LawZ  ' 

It  has  been  stated  that  the  leaves  of  the  common  buckwheat  '(Polmonum 
fagopyrum)   yield,  by  fermentation.  Indigo-blue.    On  examining  this  planf  for 

ob^^nTfrnf  %'TT,'T°f  ^'^tement  was  correct,  Schunck  was  unable  to 

obtain  a  trace  of  hat  colouring  matter,  but  he  discovered  that  the  plant  contains  a 

fZir  TV,-''"'°f "  ^"^""""^S  may  very  LsUy  be  obtahied 

\t^  This  colourmg  matter  crystallises  in  small  primrose-yellow  needles  IHs 
very  little  soluble  m  cold  water,  but  soluble  in  boiling  water,  and  sTiU  more  soIuIip 
m  alcohol.    Muriatic  and  sulphuric  acid  change  its  colour  to  a  depn^v^nf  ,1 
colour  disappearing  on  the  addition  of  a  large  quant  tv  of  water     Tt  ^  ' 

m  caustic  alkalis  forming  solutions  of  a  befuirEp  yerow  colour  S^^^^ 
IS  agam  deposited  in  crystalline  needles  on  adding  an  exLss     ao  d     tV  i7 

exhibit  considerable  livelir^e  s     S^fk?r,fl  h     "^^T'  ^""^^  ^^ich 

when  immersed  in  tC  bo  Ung  wtry  so7utl  unTs'AT'T'  any  colour 

prepared  with  some  mordant.    Thf  composU  on  of  h  P^-^^'^^^ly  I'een 

follows  :_ carbon  50-00,  hydrogen  o^Z.^  i^T  P^"« 

C30  H-  0=0.  It  appears  to\e  fdLticat  w°Ki,t  fhe  P'-o'^ably 
contained  in  the  Ruta  graviolen,  or  common rn/nf^  ^'  ^^"""^  colouring  matter 
a  substance  derived  from  the  leaves  ofTe  eomlntor'T  '  ""f  ^''^  Ilixantkim, 
buckwheat  leaves,  a  little  more  than  1  nart  of  ^-  P^'"'^  °f  ^esh 

As  the  seed  of  the  plant  is  the  onl  v  nart  ^^-^.1^?  colounng  matter  may  be  obtained, 
to  collectand  dry  tL  leaves,  to"  b^  '^TLTl^T^^l^ltt  ^"^^^^'^B^ 
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The  Tartarian  Buc/nrheal  (Poh/oonnvi  7^arlm  i mh )  d\KL-rs  from  tlin  former  in  having 
the  edges  of  its  seeds  twisted.  Jt  is  not  considered  so  productive,  but  it  is  more 
hardy  ;  and  better  adapted  for  growing  in  mountainous  situations. 

The  Dijas'  Bucltwheal.  {Polyyuuum  iiuctorium.)  This  plant  was  introduced  to  the 
Eoyal  Gardens  at  Kew  by  Mr.  John  Blake,  in  1776.  Autlientic  information  as  to 
its  properties  as  a  dye-yielding  plant  was  only  received  at  a  comparatively  recent 
period,  from  missionaries  resident  in  China,  where  it  has  always  been  cultivated 
for  its  colouring  matter.  In  Europe,  attention  was  first  directed  to  its  growth  by 
M.  Delile,  of  the  Jardin  du  Roi  at  Montpellier,  who  in  1835  obtained  seeds  from  the 
Baron  Fischer,  Director  of  the  Imperial  Gardens  at  St.  Petersburg.  It  has  since  that 
time  become  sufficiently  valuable  to  render  its  cultivation  as  a  dye  drug  of  sufficient 
importance.  The  Japanese  are  said  to  extract  blue  dyes  from  Polygonum  Chinensis, 
r.  barbaliim,  and  the  common  roadside  weed,  P.  aviculare. — Lawson. 

BUDDLING.  A  mining  term.  The  process  of  separating  the  metalliferous  ores 
from  the  earthy  matters  with  which  they  are  associated,  by  means  of  an  inclined 
hutch,  called  a  huddle,  over  which  water  flows.  It  is  indeed  but  an  arragement  for 
availing  ouselves  of  the  action  of  flowing  water  to  separate  the  lighter  from  the 
heavier  particles  of  matter. 

BUHL.  Buhl-work  consists  of  inlaid  veneers,  and  differs  from  marquetry  in  being 
confined  to  decorative  scrollwork,  frequently  in  metal,  while  the  latter  is  more  com- 
monly used  for  the  representation  of  flowers  and  foliage.  Boule,  or  Buhl,  was  a 
celebrated  cabinet-maker  in  France,  who  was  born  in  1642  and  died  in  1732.  He 
was  appointed  "  Tapissier  en  titre  du  Roi,"  and  he  gave  his  name  to  this  peculiar 
process  of  inlaying  wood  with  either  wood  or  metal.  See  Makquetby,  Par- 
quetry. 

BUHR-STONE,  mineralogically,  is  a  cellular  flinty  quartz  rock,  constituting  one 
of  the  jaspery  varieties  of  the  quartz  family.  A  celebrated  grit-stone,  much  used  in 
France  and  other  parts  of  the  continent  for  grist  mills.  Those  of  La  Ferte-sous- 
Jonarre  (Seine  et  Maine)  are  regarded  as  superior  to  all  others.  In  con*quence  of 
the  necessity  for  carefully  piecing  these  stones  together,  they  are  naturally  expensive; 
yet  the  demand  for  buhr  stones  continues  great. 

BULRUSH  or  TALL  CLUB.  Zacusfri*  ;  Celtic,  C!>s,  rushes.)  The  bul- 

rush, belonging  to  the  natural  order  of  Cyperacece,  grows  naturally  on  alluvial  soils 
which  are  occasionally  covered  with  fresh  water.  It  is  much  used  by  coopers  for 
putting  between  the  staves  of  barrels,  and  by  chair  makers.  Many  other  plants 
belonging  to  this  order  are  employed  for  economical  purposes,  such  as  forming  seats, 
ropes,  mats,  and  fancy  basket-work,  also  for  thatching  houses.  In  1856,  we  imported 
562  tons. 

BURGUNDY  PITCH.  Burgundy  pitch,  when  genuine,  is  made  by  meltmg 
frankincense  {Abietis  resina)  in  water  and  straining  it  through  a  coarse  cloth.  The 
substance  usually  sold  as  Burgundy  pitch  is,  however,  common  resin  incorporated 
with  water  and  coloured  with  palm  oil.  In  some  cases  American  turpentine  is  em- 
ployed.   See  Pitch  and  Tab.  .     ,  .  ,  ■  , 

BURNING  HOUSE.  A  miner's  term.  In  Cornwall  the  kiln  or  oven  m  which  the 
tin  and  other  ores  are  placed  to  sublime  the  volatile  constituents,  sulphur,  and  arsenic, 
is  so  called. 

BURROW.  A  miners  term  for  a  heap  of  rubbish. 

BUTT.  A  measure  for  wine,  &c.,  containing  2  hogsheads,  or  126  gallons. 
BUTTER.  ( Beurre,  Fr. ;  Butter,  Germ.)  Butter  is  the  fatty  matter  of  milk, 
usually  that  of  the  cow.  Milk  is  composed  of  butter,  caseine,  sugar  of  milk, 
several  salts,  and  water.  The  butter  exists  in  the  form  of  very  small  globiUes  of 
nearly  uniform  size,  quite  transparent,  and  strongly  refractive  of  light.  Milk  lett  m 
repose  throws  up  the  lighter  particles  of  butter  to  the  surface  as  cream.  It  was 
iniao-ined  that  the  butter  was  separated  in  the  process  of  churning,  in  consequence 
of  the  milk  becoming  sour;  but  this  is  not  the  case,  for  milk  rendered  alkaline  by 
bicarbonate  of  potash  afi^ords  its  butter  fully  more  readily  than  acidulous  milk. 
The  best  temperature  for  churning  milk  or  cream  is  53°  F  ;  that  of  60°  is  too  high; 
and  under  50°  it  is  too  low.  By  the  churning  action  the  heat  rises  from  3  to  4  ^. 
All  the  particles  of  butter  are  never  separated  by  churning;  many  remain  diGused 
through  the  butter-milk,  and  are  easily  discoverable  by  the  microscope  I  hese 
are  more  numerous  in  proportion  to  the  bulk  of  the  liquid;  and  hence  it  is  more 
economical  to  churn  cream'  than  the  whole  milk  which  affords  ,t.  It  is  computed 
that  a  cow  which  gives  1800  quarts  (old  English)  of  milk  per  annum  eat  m 
ha  time  8000  lbs.  of  hay,  and  produces  140  lbs,  of  butter.  Analysis  shows  that 
his  weight  of  hay  contains  168  lbs.  of  fat.  The  finest  flavoured  butter  is  obta  ned 
from  milk  churnJd  not  long  after  it  is  drawn;  but  the  largest  ll'-P;-/-"  ^  ^^^j. 
from  the  cream  thrown  up  by  milk  after  standmg  24  hours,  in  a  tempeiatuie  oi 
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about  50°  F.  The  butter-milk,  which  contains  the  very  fermentable  substance 
caseine,  should  be  well  separated  from  the  butter  by  washing  with  cold  water,  and  by 
beating  with  the  hands,  or  preferably,  without  water,  for  the  sake  of  fine  flavour,  by 
the  action  of  a  press. 

The  Tartars  and  French  have  been  long  in  the  habit  of  preserving  butter,  by 
melting  it  with  a  moderate  heat,  whereby  are  coagulated  the  albuminous  and  curdy 
matters  remaining  in  it,  which  are  very  putrescible.  This  fusion  should  be  made  by 
the  heat  of  a  wai"m  bath,  about  170°  F.,  continued  for  some  time,  to  effect  the  more 
complete  purification  of  the  butter.  If  in  this  settled  liquefied  state  it  be  carefully 
decanted,  strained  through  a  tammy  cloth,  and  slightly  salted,  it  may  be  kept  for  a 
long  time  nearly  fresh,  without  becoming  in  any  degree  rancid,  more  especially  if  it 
be  put  up  in  small  jars  closely  covered. 

In  Cornwall  and  western  Devon,  the  first  process  in  the  manufacture  of  butter  is 
the  formation  of  the  cream  by  heat.  After  the  milk  has  stood  for  some  hours,  it  is  ex- 
posed to  a  very  slow  heat,  until  it  acquires  a  temperature  of  about  200°  F. ;  care 
being  taken  that,  if  it  exceeds  this,  the  milk  never  boils.  The  pellicle  of  cream 
being  ibrmed,  the  vessel  is  removed  from  the  fire,  and  allowed  t-o  cool ;  when  cold,  the 
butter  is  made  from  this  cream  in  the  usual  way. 

When  subjected  to  microscopical  examination,  milk  is  found  to  consist  of  infinitely 
minute  globular  particles  floating  in  a  serous  fluid.  Raspail  says  the  largest  of  these 
globules  are  not  above  l-2500th  of  an  inch  in  diameter.  These  globules  consist 
essentially  of  butter.    See  Milk. 

Butter  is  preserved  by  salting  in  Ireland,  in  Holland,  and  in  the  Channel  Islands, 
which  together  with  the  preserved  butter  of  many  of  the  English  counties,  is 
introduced  largely  into  London. 

BUTTON  MANUFACTURE.  This  art  is  divided  into  several  branches,  con- 
stitutmg  so  many  distinct  trades.  Metal,  horn,  leather,  bone,  and  wood  are  the 
substances  frequently  employed  for  buttons,  which  are  either  plain,  or  covered  with 
silk,  mohair,  thread,  or  other  ornamental  materials.  The  most  durable  and  orna- 
mental buttons  are  made  of  various  metals,  polished,  or  covered  with  an  exceedingly 
thin  wash,  as  it  is  termed,  of  silver  or  gold. 

The  buttons  intended  to  be  covered  with  silk,  &c.,  are  termed  in  general  moulds. 
They  are  small  circles,  perforated  in  the  centre,  and  made  from  those  refuse  chips  of 
bone  which  are  too  small  for  other  purposes.    For  the  large  and  coarser  buttons 
pieces  of  hard  wood,  are  sawn  into  thin  flakes,  of  an  equal  thickness  ;  from  which  by 
a  machine,  the  button  moulds  are  cut  out  at  two  operations.  ' 

White  metal  and  brass  buttons,  as  well  as  plated  buttons,  are  stamped  by  the  flv- 
press,  out  of  copper-plate,  covered  on  one  side  with  silver  at  the  flatting-mill  The 
copper  side  is  placed  upwards  in  stamping,  and  the  die  or  hole  through  which  thev 
are  stamped  is  rather  chamfered  at  its  edge,  to  make  the  silver  turn  over  the  edge  of 
the  button.  The  backs  are  stamped  in  the  same  manner  as  the  gilt  buttons  The 
shanks  are  soldered  on  with  silver  solder,  and  heated,  one  by  one,  in  the  flame  of  a 
amp,  with  a  blow-pipe  urged  by  bellows.  The  edges  are  now  filed  smooth  in  the 
Jathe,  care  being  taken  not  to  remove  any  of  the  silver  which  is  turned  over  the  edo-e 
1  hey  are  next  dipped  in  acid,  to  clean  the  backs,  and  boiled  in  cream  of  tartar  a!id 
silver,  to  whiten  them  :  after  which  they  are  burnished,  the  backs  being  first  brushed 
clean  by  a  brush  held  agamst  them  as  they  revolve  in  the  lathe.  The  mode  of 
burnishing  is  the  same  as  for  gilt  buttons.  When  the  buttons  are  first  cut  they  have 
exceedingly  sharp  edges,  to  correct  which  and  to  produce  a  round,  smooth,  wirelike 
^1  rolled  between  two  parallel  pieces  of  steel,  one  moving  ho  izontally 

past  the  other,  which  ,s  fixed,  and  both  of  them  containing  polished  grooves  on  the'^ 
correspondmg  faces  To  the  movable  piece  a,  fy.  286,  motion  is  gif en  by  mean  of 
the  handles.  In  both  the  grooved  "j- "iiciui,  oi 

pieces,  which  are  about  eighteen  286 
inches  in  length,  there  are  semi- 
circular openings  as  at  a,  which, 
by  corresponding  once  during 
each  revolution  of  the  handle, 
admit  of  the  blank  e  being  dropped 
into  the  grooves,  after  which  it  is 
carried,  revolving  as  it  proceeds, 
between  the  pieces  of  steel,  till 

coming  to  the  hole  i,  it  drops  — • 
handle  „,h  b„  „6lit :  0,0,  a„  „„,  „cd,™  l.fsSs 
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Button  slianks  are  made  by  hand  from  brass  or  iron  -wire,  bent  and  cut  by  the  fol- 
lowing means: — 

The  wire  is  lapped  spirally  round  a  piece  of  steel  bar.  The  steel  is  turned  round 
by  screwing  it  into  the  end  of  the  spindle  of  a  lathe,  and  the  wire  by  this  means 
lapped  close  round  it  till  it  is  covered.  The  ooil  of  wire  thus  formed  is  slipped  off, 
and  a  wire  fork  or  staple  with  parallel  legs  put  into  it.  It  is  now  laid  upon  an  anvil, 
and  by  a  punch  the  coil  of  wire  is  struck  down  between  the  two  prongs  of  the  fork, 
so  as  to  form  a  figure  8,  a  little  open  in  the  middle.  The  punch  has  an  edge  which 
marks  the  middle  of  the  8,  and  the  coil  being  cut  open  by  a  pair  of  shears  along  this 
mark,  divides  each  turn  of  the  coil  into  two  perfect  button  shanks  or  eyes. 

Buttons  to  be  gilded  are  stamped  out  from  copper  (having  sometimes  a  small  alloy 
of  zinc),  laminated  in  the  flatting  mill  to  the  proper  thickness.  These  circular  pieces, 
called  blanks,  are  annealed  in  a  furnace  to  soften  them ;  and  the  maker's  name,  &c. 
is  struck  on  the  back  by  a  monkey,  which  is  a  machine  very  similar  to  a  pile  engine. 
This  stamp  also  renders  the  face  very  slightly  convex,  that  the  buttons  may  not  stick 
together  in  the  gilding  process.  The  burnishing  is  performed  by  a  piece  of  hematite 
or  blood-stone,  fixed  into  a  handle,  and  applied  to  the  button  as  it  revolves  by  the 
motion  of  the  lathe. 

A  great  number  of  the  buttons,  thus  prepared  for  gilding,  are  put  into  an  earthen 
pan,  with  the  proper  quantity  of  gold  to  cover  them,  amalgamated  with  mercury  in 
the  following  manner :  —  The  gold  is  put  into  an  iron  ladle,  and  a  small  quantity  of 
mercury  added  to  it ;  the  ladle  is  held  over  the  fire,  till  the  gold  and  mercury  are 
perfectly  united.  This  amalgam  being  put  into  the  pan  with  the  buttons,  as  much 
aquafortis,  diluted  with  water,  as  will  wet  them  all  over,  is  thrown  in,  and  they  are 
stirred  up  with  a  brush,  till  the  acid,  by  its  afiinity  to  the  copper,  carries  the  amalgam 
to  every  part  of  its  surface,  covering  it  with  the  appearance  of  silver.  When  this  is 
perfected,  the  acid  is  washed  away  with  clean  water.  This  process  by  the  workman 
is  called  quicking.  j'  i 

The  old  process,  in  gilding  buttons,  called  the  drying  off  was  exceedmgly 
pernicious  to  the  operator,  as  he  inhaled  the  vapour  of  the  mercury,  which  is  well 
known  to  be  a  virulent  poison.  In  order  to  obviate  this,  the  following  plan  of 
apparatus  has  been  employed  with  success.  The  vapour,  as  it  rises  from  the  pan  of 
buttons  heated  by  a  charcoal  fire,  is  conducted  into  an  oblong  iron  flue  or  gallery, 
gently  sloped  downwards,  having  at  its  end  a  small  vertical  tube  dipping  into  a 
water  cistern,  for  condensing  the  mercury,  and  a  large  vertical  pipe  for  promoting 
the  draught  of  the  products  of  the  combustion.  By  act  of  parliament  5  grains  ot 
gold  are  allotted  for  the  purpose  of  gilding  144  buttons,  though  they  may  be  tolerably 
well  gilt  by  half  that  quantity.  In  this  last  case,  the  thickness  would  be  about  the 
214,000th  part  of  an  inch.  -u  j  ■  *i, 

Mr.  Holmes  of  Birmingham  patented  a  process  which  was  fully  described  in  tne 
former  editions  of  this  work  ;  that  portion  of  the  description  is  retained  which  relates 
to  such  parts  of  his  machinery  as  are  found  upon  inquiry  to  be  still  in  use. 

Having  explained  the  peculiar  forms  of  his  improved  metallic  shanks  ior  buttons, 
and  the  tools  employed  in  making  the  same,  he  proceeds  to  describe  the  machinery  or 
apparatus  by  which  he  carries  his  invention  into  effect.    He  takes  a  sheet  of  metal. 
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say  about  30  or  40  feet 
long,  and  of  the  proper 
width  and  thickness, 
which  thin  sheet  is  to 
be  wound  upon  a  roller, 
and  placed  above  the 
machine,  so  that  it  can 
be  easily  drawn  down 
into  the  machine  as  re- 
quired for  feeding  the 
punches  and  dies.  Fig. 
287  is  a  plan  view  of 
a  machine  intended  to 
work  any  convenient 
number  of  sets  of 
punches  and  dies  placed 
in  rows.  Fig.  2S8  is 
a  side  view,  and  Jig-  2S9 
a  longitudinal  section, 
taken  through  the  ma- 
chine 290  and  291 
are  transverse  sections 


BUTTON  MANUFACTURE. 


471 


taken  through  the  machine  between  the  punches  and  counter  dies,  fig.  290  represent- 
ing its  appearance  at  the  face  of  the  punches,  and  fiy.  291  the  opposite  view  of 
the  counter  dies,  a  a 
are  the  punches  ;  b  />, 
the  counter  dies  ;  each 
being  mounted  in  rows 
in  the  steel  plates  c  c, 
fixed  upon  two  strong 
bars  d  and  e,  by  counter- 
sunk screws  and  nuts, 
the  punches  and  dies 
being  retained  in  their 
proper  position  by  the 
plates, which  are  screwed 
on  to  the  front  of  the 
steel  plates,  and  press 
against  the  collars  of 
the  punches  and  dies. 
The  bars  d  and  e  are 
both  mounted  on  the 
guide-pins  g  g,  fixed  in 
the  heads,  h  h,  of  the 
frame,  which  guide-pins 
pass  through  the  bosses 
on  the  ends  of  the  bars. 
The  bar  d  is  stationary 
upon    the  guide-pins, 

being  fixed  to  the  heads,  h  h,  by  nuts  and  screws  passed  through  ears  cast  on  their 
bosses.  The  bar  e  slides  freely  upon  the  guide-pins  g  g,  as  it  is  moved  backwards  and 
forwards  by  the  crank  i  i,  and  connecting-rods  7  ^,  as  the  crank  shaft  revolves.  The 
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sheet  of  thin  iron  to  be  operated  upon  is  placed,  as  before  stated,  above  the  machine  • 
Its  end  being  brought  down  as  at  a  a,  and  passed  between  the  guide-rod  and  clearinx^ 
plate  k,  and  between  the  pair  of  feeding  rollers  /  /,  which,  by  revolving,  draw  down  f 
further  portion  of  the  sheet  of  metal  between  the  punches  and  dies,  after  each  ooera 
tion  of  the  punches.  "pcii 

As  the  counter  dies  advance  towards  the  punches,  they  first  come  in  contact  with 
the  sheet  of  metal  to  be  operated  upon  ;  and  after  having  produced  the  pressure  which 
cuts  out  the  discs,  the  perforations  of  the  sheet  are  pushed  on  to  the  ends  of  the  punches 
by  the  counter  dies ;  and  in  order  that  the  sheet  may  be  allowed  to  advance  ?he  car- 
nage which  supports  the  axles  of  the  feeding-rollers,  with  the  guide-rod  and 'c  eanns- 
plate,  are  made  to  slide  by  means  of  the  pin  m,  which  works  in  a  slot  in  the  slid  n- 
piece  n,  bearing  the  axis  of  the  feeding-roller  1 1,  the  slide  «  bemg  kept  in  its  pllce  on 
the  framework  by  dovetailed  guides,  shown  in  fig.  291.  ^ 

When  the  counter  dies  have  advanced  near  to  the  sheet  nf  motnl   fi,o  ^- 
in  contact  with  that  end  of  the  slot  in  the  piece  „  which  ifn^xt  to  the        T  '"""'j 
forces  the  carriage  with  feed-rollers  and  clea^ing-plaTe,  and  aKhl  shee^^^^^^^^^^^  Z 
wards,  as  the  dies  are  advanced  by  the  reaction  of  the  cranks;  and  after  the^hfv.^n; 
out  the  discs,  and  raised  the  shanks,  the  sheet  of  metal  will  remain  ^0^1^^^^^^^^ 
and  when  the  bar  e  returns,  the  finished  backs  and  shanks  aiTforeed  out  of  the  on  f'^ 
ler  dies,  by  the  clearing-pins  and  rods  o  0,  which  project  through  thp  hnr  .  °J 
the  holes  before  mentioned  in  the  counter  dies  ;  thLe^cTeaSSLs  bet/.'tnt- 
tween  the  bars  pp,  mounted  upon  the  standaM  g  g,  on  the  cross  bar  of  I^X""^ 
shown  mfigs.  287,  289,  290.    Immediately  aftei-  this  is  Le  the  ni^- 
tact  wuh  the  other  ends  of  the  slots  in  th/pieces  n,  and  dra^  McirthVL^dlng-^r,:?- 
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1 1,  together  with  the  cleaving-plate  k  and  the  sheet  of  metal,  away  from  the  punches 
into  the  position  represented  in  the  figures.  ' 

At  this  time  the  feeding  of  the  metal  into  the  machine  is  effected  hy  a  crank-pin  r 
on  the  end  of  the  crank-shafts  coming  in  contact  with  the  bent  end  of  the  sliding-bar 
supported  in  standards  t  i;.and  as  the  crank-shaft  revolves,  this  pin  forces  the  bar  .? 
forward,  and  causes  the  tooth  or  pall  u,  on  its  reverse  end,  to  drive  the  ratchet-wheel  v 
one  or  more  teeth;  and  as  the  ratchet-wheel  v  is  fixed  on  to  the  end  of  the  axle  of  one 
of  the  rollers  /,  it  will  cause  that  roller  to  revolve ;  and  by  means  of  the  pair  of  spur- 
pinions  on  the  other  ends  of  the  axles  of  the  feeding  rollers,  they  will  both  revolve 
simultaneously,  and  thereby  draw  down  the  sheet  of  metal  into  the  machine.  It  will 
be  perceived  that  the  standards  which  support  the  clearing-plate  and  guide-bar  are  car- 
ried by  the  axles  of  the  feediiig  rollers,  and  partake  of  their  sliding  motion  :  also  that 
the  clearing-pins  o,  are  made  adjustable  between  the  bars  p,  to  correspond  with  the 
counter  dies.  There  is  an  adjustable  sliding-stop  x  upon  the  bar  s,  which  comes  in 
contact  with  the  back  standard  t,  and  prevents  the  bar  s  sliding  back  too  far,  and  con- 
sequently regulates  the  quantity  of  sheet  metal  to  be  fed  into  the  machine  by  the  pall 
and  ratchet-wheel,  in  order  to  suit  different  sizes  of  punches  and  dies.  In  case  the 
weight  of  the  bar  c,  carrying  the  counter  dies,  should  wear  upon  its  bearings,  the  gmic- 
pinsjf  jf  have  small  friction-rollers  yy,  shown  under  the  bosses  of  this  bar,  which  friction- 
rollers  run  upon  adjustable  beds  or  planes,  z  z,  by  which  means  the  guide-pins  may 
be  partially  relieved  from  the  weight  of  the  bar  c,  and  the  friction  consequently 
diminished. 

Buttons  of  Horn. —  Mr.  Thomas  Harris  obtained,  in  April,  1841,  a  patent  for 
improvements  in  the  manufacture  of  horn  buttons,  and  in  their  dies.  His  invention 
relates,  first,  to  a  mode  of  applying  flexible  shanks  to  horn  buttons  ;  secondly,  to  a  mode 
of  ornamenting  horn  buttons,  by  inlaying  the  front  surface  thereof;  thirdly,  to  a  mode 
of  ornamenting  what  are  called  horn  buttons,  by  gilding  or  silvering  their  surfaces ; 
fourthly,  to  a  mode  of  constructing  dies,  by  applying  separate  boundary  circles  to  each 
engraved  surface  of  a  die,  by  which  the  process  of  engraving,  as  well  as  the  forming  of 
accurate  dies,  -will  be  facilitated ;  fifthly,  to  a  mode  of  constructing  dies,  used  in  the 
manufacture  of  horn  buttons,  whereby  the  horn  or  hoof  employed  ^pill  not  be  permitted 
to  be  expressed  beyond  the  circumference  of  the  button. 

Fig.  292  represents,  in  section,  a  pair  of  dies,  a  and  b,  used  in  producing  the 
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improved  horn  buttons,  according  to  the  first  improvement;  the  upper  die  a  is  made 
to  produce  the  back  surfaces  of  the  buttons,  and  the  recess  or  groove  for  receiving  the 
flexible  shank.  Fig.  293  shows,  in  section  and  back  view,  the  form  of  a  button  pro- 
duced by  the  dies.  .  j     .^i  u 

Buttons  thus  formed  are  now  ready  to  receive  flexible  shanks ;  and  if  the  buttons 
are  to  have  plain  smooth  front  surfaces,  then,  in  fixing  the  flexible  shanks,  the  same 
kind  of  under  die,  b,  may  be  used ;  but  if  the  front  surface  of  the  button  is  to  be  em- 
bossed or  ornamented,  then,  in  place  of  that  die,  a  similar  one,  having  engraved  or  suit- 
ably ornamented  surfaces,  is  to  be  used.  When  fixing  the  shanks  to  buttons,  the  lower 
or  face  die,  containing  the  previously  formed  buttons,  is  to  be  heated  till  a  drop  of  water 
■will  nearly  boil  upon  it. 
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The  sbauk  is  applied  as  follows: — a  metal  shell  or  collet  a  (see  Jig.  294)  is  placed 
over  the  flexible  shank  b,  and  a  plate  of  metal  c  is  laid  under  the  shank;  these  are 
placed  in  the  groove  or  recess  of  the  button,  which  had  been  previously  heated  in  the 
lower  die  ;  the  upper  die  a  (Jig.  295)  is  then  to  be  placed  on  the  lower  die  b,  and  the 
two  submitted  to  pressure,  until  they  become  cool,  when  the  sliank  will  be  firmly  at- 
tached, as  shown  at  Jig.  296,  and  the  bottom  may  be  finished  in  the  usual  way. 

The  second  part  of  the  invention,  which  relates  to  a  mode  of  ornamenting  horn 
buttons,  by  inlaying  the  front  surface  thereof,  is  performed  in  a  manner  similar  to 
what  has  been  above  described,  for  fixing  flexible  shanks,  and  consists  in  first  form- 
ing the  front  face  or  surface  of  a  button,  in  suitable  dies,  for  providing  a  recess  ;  and 
then,  by  a  second  pressure  in  dies,  to  fix  the  ornamental  surface;  and,  when  desired, 
the  surrounding  front  surface  of  the  button  may  be  embossed.  Fig.  297  is  a  longi- 
tudinal section  of  a  pair  of  dies,  for  forming  a  recess  in  the  face  of  a  button.  Fig. 
298  shows,  in  front  view  and  section,  a  horn  button  produced  by  these  dies.  Fig.  299 
shows  a  metal  ornament,  to  be  inlaid  or  fixed  in  the  front  surface  of  the  button,  but 
it  should  be  stated  that  the  ornamenting  surface,  to  be  fixed  in  the  front  surface  o'f  the 
button,  may  be  of  pearl  or  other  material ;  and  the  size  and  device  varied  according 
to  taste.  Fig.  300  shows  in  section  a  pair  of  dies,  for  giving  the  second  pressure 
for  affixing  the  ornamental  surface ;  and,  if  desired,  the  remaining  front  surface  of 
the  button  may  be  ornamented,  by  having  the  lower  die  engraved,  or  otherwise  suit- 
ably ornamented.  Fig.  301  shows  in  front  view  and  section  a  button  made  according 
to  this  part  of  the  invention.  " 

The  third  part  of  the  invention  relates  to  a  mode  of  ornamenting  horn  buttons  by 
gilding  or  silvering  their  surfaces.  This  is  effected  by  applying  a  suitable  cementing 
or  adhesive  material  with  a  soft  brush  to  the  button,  in  order  that  gold  or  silver  leaf 
may  be  attached  to  its  surface.  The  cementing  or  adhesive  material  preferred  to  be 
used  is  dressing  varnish  rendered  sufficiently  liquid  by  essence  of  turpentine;  and 
when  the  varnish  is  nearly  dry,  gold  or  silver  leaf  is  applied  thereto,  and  pressed  in 
the  same  manner  as  practised  when  gilding  and  silvering  other  surfaces  :  by  thus 
producfd   ™  ^  '"'''^         manufacture  of  that  description  of  buttons  may  be 

The  fourth  part  of  this  invention  relates  to  the  construction  of  dies  used  in  the 

tZnfrfoT/''"'''  f^-  ^^'^''^^  °f  ^di'^'  constructed  accord^^g  to 

this  par  of  the  invention ;  and  Jig.  303  is  a  section  showing  the  die  without  the  bound- 

engraved  at  the  parts  a  a  :  around 
each  of  which  engraved  surfaces  are  circular  grooves  or  recesses  to  receive  the  boundb^ 
circles  h  h  which  fit  accurately.  By  the  affer  insertion  of  these  circlel  the  Sman 
IS  not  confined  to  move  his  graver  within  the  bounding  line,  as  that  iS  Js  noT  preTen" 
when  engraving  the  plate;  and  the  graver  may  pass  biyond,  and  the  grooves  and  the 
Ses^  '''''^^      '^^'^^  ^^^^  Sreat  accLc^  to  each  Tthe  engraved 

The  fifth  part  of  the  invention  also  relates  to  a  mode  of  constructing  dies  for  th<. 
manufacture  of  horn  buttons,  and  consists  in  forming  the  dies  so  twfi,!  I  V 

consequently  require  less  finishing     Th^.  ^T  -  accurately  formed,  and 

to  the  mode^deSd  in  the  founh  ntt  °^                  "^^^^  according 

boundary  circle  sepaSt  V  as  wTbernde^^^^^^^^^  by  forming  thf 

side  section  of  a  die  complete,  wkh  its  boundarv  ri^^l^f^^      f  °  ^^'''^  ^ 

that  described  above.    Fig.  309  r«)resentr  in  ^nt.  ^           ""^""^r  to 

means  of  affixing  a  separate  boundfnl  HrnWn^  ''"^  section,  a  variation  in  the 

for  working  -itLutThc  ti  be  1  "  3!^^^^  '^^'-^^^ 

whether  for  buttons  with  metal  shank,  or  '''^^  to  be  heated  but  slightly 

pressed  as  heretofore.    ThT^  eSe  c bil  fir^^^^^  ^'^  '^  be 
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affixed  in  the  front  surfaces,  by  pressing  the  buttons  -with  the  ornaments  in  dies  as 
above  described.  Thirdly,  the  mode  of  ornameiJting  horn  buttons  by  gilding  and 
silvering  their  surfaces  as  described.  Fourthly,  the  mode  of  constructing  dies  used 
in  the  manufacture  of  horn  buttons,  by  applying  separate  bounding  circles  to  each  en- 
graved  surface,  for  a  button  ;  and  fifthly,  the  mode  of  manufacturing  horn  buttons  in 
dies,  wherein  the  horn  or  hoof  is  prevented  from  being  expressed  at  the  circumference 
of  the  buttons  as  described. 

Buttons,  Covered. — Mr.  Joseph  Parkes  obtained  in  1840,  a  patent  for  improve- 
ments in  the  manufacture  of  covered  buttons  made  by  dies  and  pressure,  by  the  appli- 
cation of  horn  as  a  covering  material  The  process  resorted  to  by  the  patentees  for 
carrying  out  this  invention  is  very  similar  to  that  pursued  in  manufacturing  Florentine 
buttons  ;  such  modifications  being  applied  as  are  rendered  necessary  for  adapting  such 
process  to  the  peculiar  nature  of  the  material  employed  for  covering  the  face  of  each 
button,  a  (Jig.  310)  shows  a  plan  of  a  disc  of  iron  plate,  with  four  projecting  points, 
which  is  formed  by  suitable  dies  in  a  fly-press,  as  is  well  understood ;  the  points  are 
then  turned  down,  and  the  disc  a  is  sunk  into  the  shape  shown  zXfig.  311,  and  two  such 
sunk  discs  are  applied  to  the  internal  core  of  the  button-board  of  each  button  :  b  {fig. 
312)  shows  a  plan  and  edge  view  of  a  circular  disc  of  button-board  suitable  for  forming 
the  internal  core  of  a  button. 

The  dies  being  placed  in  suitable  presses,  as  is  well  understood  in  using  similar 
dies  in  manufacturing  Florentine  and  other  covered  buttons,  one  of  the  sunk  discs  a 
is  placed  in  the  under  die,  with  the  points  upwards,  having  a  disc  of  button-board 
placed  on  the  points,  as  shown  at  fig.  313;  the  upper  die  or  punch  is  then  caused  to 
descend  and  press  the  button-board  b  into  the  shape  shown  at  fig.  314;  which,  when 
thus  formed,  is  to  have  a  die  a  applied  on  the  other  side,  as  shown  at  fig.  315.  The 
disc  a,  to  be  next  fixed  to  the  button-board,  is  placed  in  a  suitable  die,  the  disc  which 
has  already  been  fixed  being  upwards ;  the  die  or  punch  is  now  to  be  pressed  down, 
which  will  produce  the  button-board,  with  the  discs  a  a,  on  either  side,  into  the  shape 
shown  at  fig.  316;  and  it  will  be  seen,  that  one  of  the  discs  will  by  the  shape  of  the 
die,  be  sunk  concave,  whilst  the  other  disc  a,  on  the  other  side,  will  be  formed  convex, 
or  according  to  the  figure  of  the  face  of  the  intended  button. 

The  core  of  button-board  {fig  316)  is  now  ready  to  be  inserted  into  the  fabric 
which  is  to  become  the  flexible  shank  of  the  button,  and  which  flexible  shank  is  formed 
by  sinking  a  portion  of  fabric  in  suitable  dies,  as  is  well  understood  when  making 
similar  shanks  for  Florentine  or  other  covered  buttons  ;  and  the  shank  being  so  sunk, 
the  button-board  or  core  {fig.  316)  is  to  be  placed  thereon,  with  the  concave  surface 


towards  the  protruding  shank  ;  and  the  edges  of  the  fabric  are  then  to  be  pressed  over 
the  core,  as  is  well  understood,  which  will  produce  the  partly  formed  button  {  fig.  317), 
which  is  a  side  view,  and  consists  of  the  shank  containing  the  core,  which  is  next 
inserted  into  the  metal  shell  e  {fig.  318)  and  these  parts  being  placed  m  a  suitable  die, 
are  pressed  together,  and  the  partly  manufactured  button  {fig.  319)  will  be  produced, 
"nsEg  of  tfe  shak  containing  the  core,  covered  on  the  front  surface  -th  the  -et  1 
shell  c  which  by  the  die,  has  its  edges  bent  down  on  the  fabric  of  the  flexible  shank. 
Th  hi  Uius^ar  formed,  is  now  in  a  condition  to  ^V^^-^  with  a  Uun  plate  of 
horn,  which  is  performed  in  the  following  manner:-- rZ  {fig.  ^20)  shows  a  d  sc  f 
horn!  cut  out  by  suitable  dies,  the  circumference  being  scolloped,  m  order  that  m 
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folding  over  the  mould  (fig.  3\9)  the  horn  may  not  be  puckered,  e  e  (fig.  32 1 )  shows  a 
collet,  for  affixing  the  covering  of  horn  to  the  button,  the  collet  being  similar  to  that 
used  in  what  is  called  "  Saudar's  plan  of  making  Florentine  and  other  covered  buttons." 

The  method  of  covering  the  mould  of  the  button  with  horn  is  described  as  follows  :  — 
Fig.  322  represents,  in  section,  a  lower  covering  die,  and  also  a  proper  punch  for 
pressing  the  parts  into  the  lower  die  ;  these  dies  being  in  a  suitable  press,  as  is  well 
understood.  The  lower  die  is  to  be  kept  heated  to  such  an  extent  that  the  workman 
can  just  bear  his  hand  to  rest,  for  a  very  short  time,  on  the  upper  surface  of  the  die ; 
the  heating  is  preferred  to  be  accomplished  by  means  of  a  flame  of  gas  below  the  die; 
and  it  will  be  seen  that  there  are  holes,  /  f,  in  the  die,  through  which  the  heat  of  the 
flame  may  pass,  and  g  is  an  opening  to  allow  of  atmospheric  air  flowing  under  the 
lower  die.  The  disc  of  horn  d  is  placed  in  the  lower  die  g.  The  shape  or  mould  (fig. 
319)  is  then  placed  on  the  horn,  and  the  punch  or  die  h,  is  caused  to  descend,  and 
press  the  parts  into  the  die  g;  the  punch  h  is  then  raised,  in  order  to  allow  of  the  in- 
troduction of  the  parts  shown  at  figs.  323  and  324,  which  consist  of  the  tube  I,  and 
the  punch  or  diej.  The  lower  edge  of  the  tube  i  is  made  bell-mouthed,  so  as  to  cause 
the  scolloped  edges  to  be  pressed  on  the  back  of  the  buttons,  and  the  die  or  punch  j  is 
to  cause  the  collet  to  be  forced  through  the  horn  in  the  button :  and,  in  using  these 
parts,  the  collet  is  placed  in  the  tube  i,  which  with  its  punch  is  inserted  into  the  die  s, 
as  shown  at  fig.  325,  which  figure  represents  the  die  g  and  punch  li  in  the  condition 
just  described,  after  having  forced  the  parts  into  the  die  g  ;  and  this  figure  also  shows 
the  tube  i,  with  a  collet  d  and  the  punch  or  die  J  placed  in  the  tube  i ;  and  all  things 
are  in  a  condition  to  receive  the  pressure  of  the  punch  h.  In  order  to  prevent  the 
pressure  coming  on  the  punch  or  die  J  before  the  horn  has  been  folded  down  by  the 
tube  I,  the  hollow  block  k  is  placed  over  the  die  or  punch  j  ;  consequently  when  the 
punch  H  is  caused  to  descend,  it  will  force  down  the  tube  i,  and  cause  it  to  gather  the 
edges  of  the  horn,  and  press  them  on  the  back  of  the  mould  of  the  button,  when  the 
punch  n  will  be  raised  again,  and  the  block  k  removed,  which  will  leave  all  things  in 
the  position  shown  at  fig.  326;  and  then  again,  the  bringing  down  of  the  punch  h 
will  cause  the  die  or  punch  j  to  descend,  and  force  the  collet  into  the  button,  the  die  J 
being  retained  in  the  tube  i  by  means  of  the  pin  z,  passing  through  a  slit  formed 
therein,  which  allows  of  the  die  J  rising  and  falling  in  the  tube  i,  but  prevents  its 
commg  out  of  that  tube.  The  button,  thus  far  formed,  is  now  in  a  condition  to  be 
completed  in  the  finishingdies  (fig.  327 ),  the  lower  dies  being  kept  heated  in  a  similar 
manner  to  the  die  c.  The  dies  being  fixed  in  a  suitable  press,  the  button  to  be  finished 
IS  inserted  into  the  die  L  (which  may  be  ornamented  or  plain),  with  the  shank 
upwards,  and  the  punch  or  die  m  is  caused  to  descend  and  press  the  button  into  shape. 

When  the  front  of  the  button  is  to  be  plain,  the  disc  of  horn  should  be  polished 
betore  being  used  for  covering;  but  when  used  to  cover  a  button,  and  finished  by  an 
engraved  or  ornamented  die,  the  polishing  is  not  necessary.  The  button  being  thus 
made  is  to  be  finished  by  placing  it  in  a  lathe  to  be  "edged,"  as  is  commonly  practised 
in  finishing  horn  buttons. 

The  patentee  does  not  claim  the  means  of  making  the  mould  or  shape  shown  at^^ 
319,  nor  the  dies  employed  when  separately  considered,  very  similar  dies  having  been 
betore  used  in  the  manufacture  of  other  covered  buttons  ;  nor  does  he  confine  himself 
tnereto,  so  longas  the  peculiar  character  and  essence  of  the  invention  be  retained- 
VIZ.,  tnat  ot  manufactunng  covered  buttons,  made  by  dies  and  pressure  by  the  applica- 
tion of  thin  sheet  horn  as  the  covering  material.  He  claims  the  mode  herein  described 
as  ™bTve  Sribed*'"^"^'^  application  of  horn  as  a  covering  material, 

PoRCELADf  BuTT0N8.-These  buttons  were  manufactured  by  Messrs.  Minton  and 
nrnP^«  t""-.!  w  n",P^'^°.*'  compression  of  dry  porcelain  clay  in  moulds  (the 

ab^nrlon  f^"^  described  under  the  head  Tesserae).  This  manuflcture  is  however 
wW  h!  '°  this  country;  but  Mr.  Bagaterasse  has  a  large  establishment  atBriare. 
Mv  jllT^^r"'T!^!^''^  ^""r^  ^  '^'•S'^  ^^^l^'  t-^i^g  competition  with 
t^e'prlLss  bv  s?rik  -  ^^l^^cry  cheaply.    Bagaterasse  has  greatly  improved 

In  1856  we  imported:  

Buttons  and  Studs  of  metal  to  the  value  of  -  £  4,372 
"  "  11     of  other  sorts      -       -       .  3g'848 

by  processes  analagous  to  those  e^loye  "m  t    lan^nra^^^^^^^  "■'^5''"^ 
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CABLE.  (CaWe,  Fr.  ;  Ankertau,  Germ.)  A  strong  rope  or  chain,  connecting  the 
ship  with  tlie  anchor  for  the  purpose  of  mooring  it  to  the  ground.  The  sheet  anchor 
cable  is  the  strongest,  and  is  used  at  sea  after  the  bower,  which  is  in  constant  use  Roes 
gives  way, or  requires  help;  the  stream  cable  is  smaller, being  used  chiefly  in  rivers  A 
cable's  length  is  100  to  140  fathoms  in  the  merchant  service ;  in  the  Royal  Navy  4  ca^les 
are  employed  each  of  100  fathoms,  2  cables  being  attached  end  to  end.  The  greatest 
improvement  in  mooring  vessels  has  been  the  introduction  of  the  chain  cable  which 
when  duly  let  out,  aflPords  in  the  weight  of  its  long  catenary  curve,  an  elastic  tension 
and  play  to  the  ship  under  the  pressure  of  the  wind.  The  dead  strain  upon  the  anchor 
IS  thus  greatly  reduced,  and  the  sudden  pull  by  which  the  flukes  or  arms  are  readily 
snapped  is  m  a  great  measure  obviated.  The  best  iron  cables  are  chains  made  of 
links,  whose  sides  are  stayed  by  cross  bars  or  studs,  welded  across  the  middle  of  the 
link.  Experience  has  taught  that  the  ends  of  these  links  wear  out  much  sooner  than 
the  sides.  To  remedy  this  evil,  Mr.  Hawkes,  iron  manufacturer,  obtained  a  patent  in 
July,  1828,  for  constructing  these  anchor  chains  with  links  considerably  stouter  at 
the  ends  than  in  the  middle.  With  this  view  he  forms  the  short  rods  of  iron,  of  which 
the  links  are  to  be  made,  with  swells  or  protuberances  about  one-third  of  their  length 
from  each  of  their  ends,  so  that  when  these  are  welded  together,  the  slenderer  parts 
are  at  the  sides,  and  the  thicker  at  the  ends  of  the  elliptic  links.  Such  rods  as  the 
above  are  formed  at  once  by  rolling,  swaging,  or  any  other  means;  but  in  practice, 
this  plan  has  not  been  extensively  carried  out ;  the  simple  round  iron  seems  best. 

The  first  avowed  proposal  to  substitute  iron  cables  for  cordage  in  the  sea  service  is 
stated  to  be  made  by  Mr.  Slater,  surgeon  of  the  Navy,  who  obtained  a  patent  for  the 
plan  in  1808,  though  he  does  not  seem  to  have  had  the  means  of  carrying  it  into  effect 
— a  very  general  misfortune  with  ingenious  projectors.  It  was  Lieut.  Samuel  Brown,  of 
the  Royal  Navy,  who,  in  January,  1808,  had  represented  to  the  Naval  Boards  the 
policy  of  employing  iron  rigging  and  chain  cable,  and  who,  in  February  of  that  year, 
enrolled  a  patent  for  those  articles,  and  in  1811  first  employed  chain  cables  in  the 
vessel  "  Penelope,"  of  which  he  was  commander,  for  the  purpose  of  experimental  ex- 
perience, this  vessel  of  400  tons  having  been  fitted  expressly  for  the  trial  by  Captain 
Brown,  Mr.  Brunton,  and  other  friends,  at  personal  expense  and  risk,  with  iron  rigging, 
chains,  and  cables,  in  place  of  hemp  and  rope. 

He  made  a  voyage  in  this  ship  from  England  to  Martinique  and  Guadaloupe  and 
home  again,  in  the  course  of  four  months,  having  anchored  many  times  in  every 
variety  of  ground  without  any  accident.  He  multiplied  his  trials,  and  acquired 
certain  proofs  that  iron  might  be  substituted  for  hemp  in  making  cables,  not  only  for 
mooring  vessels,  but  for  the  standing  rigging.  Upon  his  return  from  the  West 
Indies,  Captain  Brown  strongly  represented  the  advantages  practically  experienced  of 
iron  over  hemp.  A  committee  of  naval  officers  reported  upon  the  whole  affair,  and 
the  Government  ordered  the  "  Namur "  of  74  guns,  the  "  Monmouth  "  of  64,  the 
"  Crescent "  frigate,  and  the  "  Alonzo  "  sloop,  to  be  fitted  with  two  chain  cables  of 
100  fathoms  each,  and  Lieut.  Brown  was  promoted  to  the  rank  of  captain.  These 
chains  were  of  various  forms  of  links  ;  those,  for  instance,  supplied  to  the  "  Crescent  " 
were  composed  of  very  short  links  with  parallel  sides. 

Since  this  period,  chain  cables  have  been  universally  introduced  into  all  the  ships  of 
the  Royal  Navy,  but  the  twisted  links  employed  at  first  by  Brown  have  been  replaced  by 
straight  ones,  stayed  in  the  middle  with  a  cross  rod,  the  contrivance  of  Capt.  Brown, 
which  was  secured  by  patent  in  this  country. 

The  twisting  of  the  links  was  done  in  order  to  assimilate  the  chain  to  the  form  of 
rope,  and  for  the  purpose  of  making  it  run  out  with  less  concussion  to  the  ship  ; 
but  this  in  practice  was  found  really  to  let  the  cable  render  out  too  easily,  and  was 
discontinued  in  practice. 

Some  of  the  cables  supplied  in  1811  to  the  ships  of  war  were  found  to  have  defec- 
tive links;  their  general  use  was  suspended  until  the  beginning  of  1812,  when 
Captain  Brown  invented  a  mode  of  shutting  the  links  with  a  long  scarf,  and  intro 
duced  a  machine  to  put  upon  the  chain  any  amount  of  strain  that  ought  to  be  brought 
to  bear,  and  thus  ascertain  defects  of  workmanship  and  materials.  This  proving 
■machine  led  to  the  introduction  of  stay  pins  in  the  links  ;  about  the  middle  o. 
1812,  chain  cables  were  thus  brought  to  great  perfection,  and  very  generally  intro- 
duced into  the  Royal  Navy. 

The  first  thing  to  be  considered  in  the  manufacture  of  iron  cable  is,  to  procure  a 
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material  of  the  best  quality,  and,  In  using  It,  always  to  keep  in  view  the  direction  of 
the  strain,  in  order  to  oppose  the  maximnni  strength  of  the  iron  to  it.  The  best  form 
of  the  links  may  be  deduced  from  the  following  investigation. 

Let  A  B  {fig.  328)  be  a  circular  link  or  ring,  of  one-inch  rod  iron, 
the  outer  circumference  of  the  ring  being  15  inches  and  the  inner  9. 
If  equal  opposite  forces  be  applied  to  the  two  points  of  the  link 
c  B,  pulling  c  towards  e,  and  D  towards  F,  the  result  will  be,  when 
the  forces  are  sufficiently  Intense,  that  the  circular  form  of  the  link 
will  be  changed  into  another  form  with  two  round  ends  and  two 
paraUel  sides,  as  seen  In  fig.  329.  The  ratio  of  the  exterior  to  the 
interior  periphery,  which  was  originally  as  15  to  9,  or  5  to  3,  is  no 
longer  the  same  in  fig.  329.    Hence  there  will  be  a  derangement  in  /ly 

the  relative  position  of  the  component  particles,  and  consequently  v!_:^   J 

their  cohesion  will  be  progressively  Impaired,  and  eventually  de--    Y    7X  z 

stroyed.  In  fig.  328,  the  segment  m  n  of  the  outside  periphery  ^ 
being  equal  to  3  inches,  the  corresponding  inside  segment  will  be  3ths  of  it  If 
this  portion  of  the  link,  in  consequence  of  the  stretching  force,  comes  to  be  extended 
mto  a  straight  line,  as  shown  in  fig.  329,  the  corresponding  segments,  interior  and 
extenor,^must  both  be  reduced  to  an  equal  length.  The  matter  contained  in  the  3 
inches  of  the  outside  periphery  must  therefore  be  either  compressed,  that  is,  condensed 
mto  14  inch ;  or  the  inside  periphery,  which  is  only  1|  inch  already,  must  be  extended 
to  3  inches  :  that  is  to  say,  the  exterior  condensation  and  the  interior  expansion  must 
take  place  m  a  reciprocal  proportion.  But,  in  every  case,  it  is  impossible  to  effect  this 
contraction  of  one  side  of  the  rod  and  extension  of  the  other,  without  disrupture  of  the 

Let  us  imagine  the  outside  periphery  divided  into  an  infinity  of  points,  upon  each  of 
which,  equal  opposite  forces  act  to  straighten  the  curvature  ;  they  must  undoubtedly 
occasion  the  rupture  of  the  corresponding  part  of  the  Internal  periphery.  This  is  not 
the  sole  injury  which  must  result ;  others  will  occur,  as  we  shall  perceive  in  consi- 
dermg  what  passes  in  the  portion  of  the  link  which  surrounds  c  d  (  fin  3'^9)  whose 
length  IS  4|  inches  outs.de  and  2V,th  inside.  The  segments  Ji  p  and  n  o  (/?„  3^^)  a  e 
actually  reduced  to  semi-circumferences,  which  are  inside  no  more  than  ba^f  an  inch 
and  outside  as  before.  There  is  thus  contraction  in  the  interior  with  a  quicker  cur^ 
vature  or  one  of  shorter  radius  in  the  exterior.  The  derangement  of  the  pa  -ticks 
takes  place  here  in  an  order  inverse  to  that  of  the  precedina- case  hnt  I if  *  f 
to  diminish  the  strength  of  that  portion  of  the  liuk^Th^^tie  maV^eV  lin^^^^^ 
that  the  circular  form  of  cable  links  is  an  extremely  faulty  one       ''^"^'"'y  conclude 

Leaving  matters  as  we  have  supposed  in  fiq.  328,  but  sunnosp  thnf     ;=  o  ,.„i  •  . 
duced  into  the  link,  hindering  itsZo  oppos7e  poL  a  b  Z  arpfoxln  atin/ 
circumstance  makes  a  remarkable  change  in  the  results.    The  link  Jon 
\fln  ^',n     n  '1^«<='-'^^'1,  must  assume  the  quadrilateral  form  shown  ^ 
in  Jig.  330.    It  offers  more  resistance  to  deformation  than  before  • 
bat  as  It  may  still  suffer  change  of  shape,  it  will  lose  strength  in  so 

Ss'  ^ 

m  their  middle,  must  of  necessity  be  sStened  olt  bee  .f.'^^^''^'  ^•'^'^  ^  ^'^^ 
the  direction  opposed  to  the  twist.    A  cLblfformed  f  ^  r  ""i T  '^^'"'^^^^^  in 

400  tons,  stretched  30  feet,  when  put  to  the  t,  U,l       •  ^  vessel  of 

Tlus  elongation  of  20feet  Woceedre^Mently  ftm To'  ''^^ .^'r  ""'^  ^^^^ 

each  link,  which  can  take  place  nnlv  l^v  i^r.^-  ■  ^'^^'ghtening  of  the  twist  in 

Twisted  cables  are  no  now  maKl  ZnSff  '-'^T'^ 
to  give  the  familiar  form  of  i^to  the  chain   L  pt,:r       'm^'";    '^^'"^  ^^""^  "^de 

From  the  preceding  remarks  it  apnlvfth^.  H^^  f     ^ 't-''?"'  P''^  "dice, 
in  their  original  foi  ^  straigl  tVu-lon  Itween  th    n  "^^^      "      ""'^  ^'^'^^^^ 
Clear  that  links  with  parallel  sidL  .J^Z^l^^lSZ^  j'l^^Xl; 
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did  not  a  good  cable  require  to  be  able  to  resist  a  lateral  force,  as  ■well  as  one  in  the 
direction  of  its  length.  ^ 

Let  us  suppose  that  by  some  accident  the  link  fuj.  329  should  have  its  two  ex- 
331    yj^^>^         tremities  pulled  towards  y  and  z,  whilst  an  obstacle  x,  placed  riglit 
opposite  to  its  middle,  resisted  the  effort.    The  side  of  the  link 
which  touches  x  would  be  bent  inwards;  but  if,  as  in  fiy.  331, 
there  is  a  stay,  A  o  b,  the  two  sides  would  be  bent  at  the  same  time  ; 
the  link  would  notwithstanding  assume  a  faulty  shape. 
In  thus  considering  the  vicious  forms,  we  are  naturally  directed  to  that  which  has 
had  at  one  time  the  preference,  as  is  shown  in  fig.  332  ;  but  this  form  of  link  and 
stay-pin  is  so  faulty,  as  to  give  place  now  to  the  general  use  of  the  simple  link  of 

parallel  sides  (see  fig.  343)  and  with  a  very  different  stay- 
pin,  as  will  be  shown  hereafter.  This  old  link  has  a  cast- 
iron  stay  with  large  ends  ;  it  presents  in  all  directions  a 
great  resistance  to  every  change  of  form  ;  for  let  it  be 
pulled  in  the  direction  a  b,  against  an  obstacle  c,  it  is 
evident  that  the  portions  d  e  and  d  f,  which  are  sup- 
ported by  the  parts  g  e  and  g  f,  cannot  get  deformed  or  be  broken  without  the  whole 
link  giving  way.  As  the  matter  composing  g  e  and  g  f  cannot  be  shortened,  or  that 
which  composes  d  e  and  d/  he  lengthened,  these  four  sides  will  remain  necessarily 

in  their  relative  positions,  by  virtue  of  the  large- 
ended  stay  h,  whose  profile  is  shown  in  fig.  333.  We 
have  examined  the  strength  of  a  link  in  every  direc- 
tion, except  that  perpendicular  to  its  plane.  Fig.  334 
represents  the  assemblage  of  three  links  in  the  above 
predicament ;  but  we  ought  to  observe  that  the  link 
c,  placed  between  the  links  A  b,  could  not  resist  the 
pressure  or  impact  of  the  two  lateral  links. 
Process  of  manufacturing  Iron  Cables.  —  The  implements  and  operations  are  arranged 
in  the  following  order  :  — 

1.  The  cutting,  by  a  machine,  of  iron  bars,  in  equal  lengths,  but  with  opposite 
bevels,  to  allow  of  the  requisite  crossing  and  splicing  of  the  ends  in  the  act  of 
welding. 

2.  A  reverberatory  furnace  (see  Iron),  in  which  a  number  of  rods  or  round  bars 
of  the  best  possible  wrought  iron,  and  of  proper  dimensions,  are  heated  to  a  red  heat. 
The  furnace  is  like  those  used  in  the  sheet-iron  works,  but  somewhat  larger,  and 
needs  no  particular  description  here. 

3.  The  bending  of  each  of  these  pieces  by  a  machine,  so  as  . to  form  the  links  ;  the 
last  operation  is  done  rapidly  while  the  iron  is  red-hot. 

4.  The  welding  of  the  links  at  small  forge  fires,  fitted  with  tools  for  this  express 
purpose,  and  the  immediate  introduction  of  the  stay,  by  a  top  tool  and  hammer. 

5.  Proving  the  cables  by  an  hydraulic  press,  worked  by  a  pump,  with  levers  to 
ascertain  the  strain  applied  by  working  the  pump. 

Any  ordinary  shears  will  do  to  cut  the  iron,  if  furnished  with  a  gauge  or  stop,  to 
regulate  the  length  of  link. 

The  following  forms  of  apparatus  employed  by  the  late  Mr.  Brunton  and  others, 
relate  more  to  the  history  of  the  past  manufactures,  than  to  the  present  practice  on  a 
large  scale. 

Figs,  335  and  336  are  a  plan  and  elevation  of  tbe  shears  with  which  rods  are  cut 


info  Pnnil  nieces  for  a  link,  moved  by  a  stonm  engine,  or  worked  by  four  or  more 
laioZs!  ^These  must  be  ;elieved,  however,  frequently  by  others,  for  each  shears 
machine  is  calculated  to  require  nearly  one  horse  n.  steam  power.  t^e  second 

A  and  B  are  the  two  cast-iron  limbs  of  the  shears.    1  he  first  is  fixed  and  the  second 
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is  movable  by  means  of  a  crank  shaft,  c,  driven  by  a  heavy  fly-wheel  d.  The  cutting 
jaws,  a,  are  of  steel  pieces  made  fast  by  bolts,  and  may  be  changed  at  pleasure,  f  is 
a  stop  -which  determines  the  equal  lengths  of  the  pieces  cut  ofiF,  and  can  be  shifted  to 
suit  different  lengths  ;  a  piece  of  iron  is  shown  as  being  cut  off  between  the  upright 
stop  and  the  shears. 


336 


The  foUowing  figures  represent  the  plan  and  elevation  of  a  machine  for  bending 
links  into  an  eUjptic  form,  superseded  by  the  machine  hereafter  to  be  described  It^ 
represented  at  the  moment  when  a  link  is  getting  bent  upon  it  "^""ea.    it  is 
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soMi;:°iJSin£t-r"^'^\£i^  f,^  -oden  pi„ar  b, 

screw  against  the  mandrel  a.  ^  P"^^'*^^  ^i'  »  square-headed 

D,  part  of  the  mandrel  comprehended  between  X  an/l     f  j  • 

so  as  to  preserve  an  interval  equal  t^tL  diI3pr  nf  fi.  '  P'«°e. 
that  are  to  be  welded  together  diameter  of  the  rod  between  the  two  surfaces 

whl^nS^olrJ^^Sry^  ^S^^^Z^^'^'^''^  of  the  .andrel,  in 

tionl^^£rl^r;h:^  ™- H  a  pulley  or  fVic- 

Imks     It  IS  obvious  that  as  many  mandrels  are  required  S  tlf.rl  ' 

of  Imks.  '^-qiirea  as  there  are  sizes  and  shapes 

The  piece  of  iron  intended  to  form  a  link  h^;-nn.        •         .  , 
the  bending  machine,  where  it  is  se  zed  w  S  the  if w?f\t  vT"'^\"^"^ 
the  slant  of  the  cut  being  turned  upwards    this  nipT.  nf^      u      ''^""^  ^nds, 
direction  mn;  on  pushing  the  levero  i^  the  line  o/t^f      '""I  ^''^        the  horizonta 
to  be  applied  successively  in  thre^iSic  groove  of  tl^'^V^  «       f^'-^e  '«« 

faces  that  are  to  he  we.d^d  together       1^^:!^^:  S^ly  tl^e  two 
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The  length  of  the  small  diameter  of  the  ellipse  ought  to  exceed  by  a  little  the  length 
of  the  stay-piece,  to  allow  of  this  being  readily  ii\troduced.  Tlie  difference  between 
the  points  f  e  is  equal  to  the  difference  of  the  radii  vectorcs  of  the  ellipse.  Hence  it 
will  be  always  easy  to  find  the  excentricity  of  the  ellipse. 

Fig.  340  is  a  lever  press  for  squeezing  the  old  form  of  links  upon  their  stiiys, 


after  the  links  are  welded.  This  machine  was  contrived  for  the  purpose  of  superseding 
manual  labour,  but  the  skill  and  dexterity  of  the  workmen  have  quite  superseded  this 
machinery ;  however  completely  this  and  other  machines  may  do  the  work,  hand 
labour  does  the  work  quicker  and  better,  almost  beyond  comparison.  The  hand 
practice  is  as  follows  : — 

The  links  bent  are  carried  to  the  forge  hearth  to  be  welded,  and  to  receive  their 
stay ;  two  operations  performed  at  one  heating.  Whenever  the  welding  is  finished, 
while  the  iron  is  still  red  hot,  the  link  is  placed  upright  upon  the  stake,  i.  e.,  the 
shorter  axis  vertical  and  the  longer  axis  of  the  link  horizontal ;  then  a  workman  in- 
troduces the  stay  with  a  pair  of  tongs  or  pincers,  while  another  workman  strikes 
down  upon  it.  This  mechanical  compression  first  of  all  joins  perfectly  the  sides  of 
the  link  against  the  concave  ends  of  the  stay,  and  afterwards  the  retraction  of  the  iron 
on  cooling  increases  still  more  this  compression.  If  each  link  be  made  with  the  same 
care,  the  cable  must  be  sound  throughout.  It  is  not  delivered  for  use,  however,  till  it 
be  proved  by  the  hydraulic  press,  at  a  draw-bench  made  on  purpose,  and  examined 
link  by  link,  on  the  side  of  the  macbine,  or  on  a  bench  erected  for  the  purpose,  to 
detect  any  flaw  the  strain  may  have  caused. 

The  following  Table  of  compared  materials  and  strains  is  given  as  a  matter  of  historical 
reference  ;  it  is  believed  the  dates  of  the  experiments  are  181.5  and  1816;  since  then, 
alterations  in  the  make  of  iron,  and  the  introduction  of  new  fibres,  as  well  as  hemp, 
render  this  Table  of  value,  as  the  materials  here  employed  were,  no  doubt,  good 
examples,  and  subjected  to  critical  attention. 

Table  of  Iron  Gables  as  substituted  for  Hemp,  with  the  Strains  applied  at  that  Date. 


Iron  Cables. 
Diameter  of  Iron  Rod. 

Hemp  Cables. 
Circumference  of  Rope. 

Old  Proof,  by 
Mr.  Brunton. 

Inches. 

Inches. 

Tons. 

9 

12 

1 

10 

18 

n 

11 

26 

n 

12 

32 

13 

3.5 

n 

1 4  to  15 

38 

n 

•  10 

44 

1.7 

52 

n 
n 

2 

1^  - —  ■  

18 

20 

60 
70 

22  to  24 

80 

Tt  would  be  imprudent  to  put  hemp  cables  to  severer  stramsthan  those  mdicated  m 
the  lToviS  TabTe^Trawn  up  from  experiments  ;  but  the  iron  cables  of  the  above  s.zes 
Im  supVort  a  double  strain  without  breaking.    They  ought  never,  m  common  cases. 
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however,  to  be  exposed  to  a  greater  stress.  A  cable  destined  for  ships  of  a  certain 
tonnage  should  not  be  employed  in  those  of  greater  burden.  Thus  treated,  it  may  be 
always  trusted  to  do  its  duty,  and  will  last  longer  than  the  ship  to  which  it  belongs. 
It  has  often  been  stated,  that  cliain  cables  possess  double  the  strength  of  the  iron  of 
which  they  are  made,  owing  to  the  forms  of  the  links  employed  :  this,  however,  is  an 
absurd  error;  for  suppose  the  two  sides  of  a  linlc  to  be  of  inch  iron,  yet  a  part  of  the 
strength  must  be  lost  in  the  bending  of  the  ends,  for  the  straining  force  is  at  right 
angles,  at  the  ends,  to  what  it  is  at  the  side,  or  would  be  exerted  upon  portions  of  straight 
rodsj  next,  to  make  a  link,  the  two  ends  have  to  be  joined  by  welding,  and  wherever 
this  join  is  made,  there  is  every  chance  for  less  union,  and  no  possible  means  of  getting 
the  fibre  to  be  stronger  than  if  they  had  never  been  separated,  strength  really  must 
be  lost  by  heating  the  iron  and  shaping  the  link. 

Mr.  Lenox  has  found  in  practice,  that  an  inch  bolt  wiU  bear  2U  tons,  while  the 
inch  cable  will  break  at  34  tons,  and  not  at  the  double  strength,  0^43  tons,  of  two 
lengths  of  straight  iron. 

One  of  the  most  valuable  qualities  of  iron  cables  is  their  resisting  lateral  as  well  as 
longitudinal  strains,  as  explained  under  Jigs.  332  and  334. 

Vessels  furnished  with  chain  cables  have  been  saved  by  them  from  the  most  immi- 
nent peril.  The  "Henry,"  sent  out  with  army  stores  during  the  peninsular  war,  was 
caught  on  the  northern  coast  of  Spain  in  a  furious  storm.  She  ran  for  shelter  into 
the  Bay  ot  Biscay  among  the  rocks,  where  she  was  exposed  for  three  days  to  the  hur- 
ricane, hhe  possessed  fortunately  70  fathoms  chain  cables,  which  held  good  all  the 
time  but  It  was  found  afterwards  to  have  had  the  links  of  its  lower  portion  polished 
bright  by  attrition  against  the  rocky  bottom.  A  hemp  cable  would  have  been  speedily 
worn  to  pieces  in  such  a  predicament.  ^ 
latS  JtnM' .r"''  the  Admiralty  of  chain  cables  for  the  British  Navy,  it  is  stipu- 
snUl  f  .n5  ^  ^"  ^^'^  ^'^^  manufactured  in  the  best  manner  from  pig  iron 
Z  tt  rZJZ      '  'f'"''^  P"'-POse,  and  shall 

of  ekher  oinrwAl  '"^  ^'""f  ^^^.'^ver,  subsequent  to  the  smelting,  the  admixture 
Sen  nuSdrrt  fn  'P^^^  ^'^^  manufacture  of  iron,  and  shall  also  have 

dr'L^  oJf    t  W  . •     T"""!!-  ^"'l     ^'^'^  '^^^'^  tii^'^s  sufficiently 

diawn  out  at  three  distinct  welding  heats,  and  at  least  twice  properly  fasotted  " 

chains:-  them,  and  the  proofs  required  by  Her  Majesty's  Navy  for 


Size  of  Bolt. 


Proof  of  Bolt. 


Inches. 


1 

n 

H 

n 
u 

if 

^ 
n 

2 


Proof  of  Cliain. 


Tons. 

cwts. 

Ton.s. 

cwts. 

5 

7 

8 

11 

8 

7 

13 

4 

12 

1 

19 

5 

16 

4 

26 

5 

21 

8 

34 

5 

27 

2 

48 

15 

33 

10 

53 

11 

40 

10 

65 

0 

48 

4 

77 

0 

56 

11 

90 

10 

65 

12 

105 

0 

75 

6 

120 

10 

85 

14 

137 

0 

96 

15 

155 

0 

Navy  Proof  of  Chain. 


Tons. 
4i 
5| 
iOJ 
13? 
18 
223 
28^ 
34 
40' 

47^ 

55J 

63' 

72 

8H 


lin^  s  o?ri^:i  zzz  ^•S'Vu^      ?    ^^-^  ■' 

in  which  the  cable  must  be  severed  this  fs  arcmr,nli!  •  '''"5  .^'"^  emergencies 
a  bolt  and  sheckle  (shackle),  which  is  insertedTn  thi  n  °^  '""^"s  of 

every  12i  fathoms,  and  at  the  end  of  evTrv  1  ^  of 

that  by  striking  ou't  this  bolt  or  p  n,  tL  c  i^i  i s  Sed  with       """'^^  ^"'^'^^  ' 
one  can  be  cut.    And  the  iron  c-^hL  nL  u         ^        7^^  """"e  ease  than  a  hemnen 
with  the  hempen  cabfe  uVouldt  LTsstyT^^llti? Tn'"'^  ship  is  clear, 
nently  injure  the  cable    Mr  I  Pnn^'l        f  •      ,   ^°  ^^e,  and  thus  perma- 

of  the  Government  coniracTs  ^  '''"'^^^         ^''^^  is  now  made  part 

^  We^have  avoided  all  relating  to  the  general  history  and  application  of  chain  cable,, 
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but  in  connection  -with  the  following  particulars,  obtained  from  Brown,  Lenox,  and  Co.'s 
chain  works  at  Milhvall,  we  must  admit  the  iniporfftiit  part  performed  by  this  house 
in  the  improvement  of  this  manufacture.  Tlie  following  remarks  refer  to  chain 
cables  for  the  Koyal  Navy,  messenger  and  mooring  cliains  for  the  Trinity  Corpo- 
ration, and  ship  cables  for  merchant  service,  showing  the  practice  iu  1858. 

After  selecting  the  best  iron,  cutting  it  off  into  required  lengths,  and  heating  it  as 
before  described,  the  links  for  chain  cables  may  be  bended  at  the  rate  of  about  GO 
per  minute,  by  machinery  at  Lenox's  works  in  Wales,  worked  by  water  power, — the 
welding  of  the  links  in  all  cases  being  effected  by  hand  labour. 

In  the  practice  with  the  J^ew  bending  machine  at  Newbridge  Works,  Pont-y-Prid 
Glamorganshire,  it  as  follows: — When  the  iron  is  cut  to  the  requisite  length  for  links, 
'from  20  to  60  pieces,  according  to  size,  are  put  into  the  furnace,  and  when  heated,  are 
placed  separately  on  the  bending  mandrel  g  (fjg.  341)  the  machine  is  set  in  motion,  and 
one  revolution  forms  a  link,  which  is  pinched  off  the  mandrel  by  a  small  crowbar,  and 
another  piece  of  iron  applied,  and  so  on,  until  from  40  to  60  links  are  formed  in  a 
minute. 

The  bending  machine  is  connected  with  a  water-wheel,  or  other  power,  by  an 
ordinary  coupling  clutch,  or  box,  which  a  lever  throws  into  aud  out  of  gear  at 
pleasure. 

There  is  a  stub  or  knob  of  iron  on  the  mandrel  under  which  the  point  of  the  piece  of 
iron  to  be  bent  is  fixed ;  the  mandrel  being  oval,  or  of  the  inside  shape  of  the  link, 
when  turned,  is  followed  by  the  roller  above,  and  this,  pressing  upon  the  piece  of  iron, 
forms  it  to  the  shape  of  the  mandrel. 

ABC  {fig.  341)  are  standards,  d  connecting  rod,  e  crank  for  lifting,  f  f  the  roller  for 

341 


pressing  sides  of  links,  o  mandrel,  h  mandrel  spmdle,  I  wheel  for  mandrel  spindle,  J 
pinion  on  main  spindle,  K  crank  spindle.  ^  -n,  t„„ 

The  form  of  the  link,  after  being  bended  into  shape  {fig.  341)  is  shown  with  the  two 
slant-cut  surfaces  of  the  ends  to  be  welded  together  and  hammered  into  foi;m. 

For  short  lengths  of  chain  the  bending  may  be  effected  by  hand;  in  this  case  the 
process  is  simple A  sufficient  length  of  the  best  iron  is  cut  off,  and,  wh.le  hot,  is  par- 
tially bent  by  the  workman  over  an  iron  ring,  one  end  of  the  bar  restmg  on  the 
ground ;  the  bend  is  finished  upon  the  anvil;  one  entire  end  of  the  link  is  thus  formed. 
The  two  slanting  cut  ends  are  made  to  approach  each  other  ;  heated  up  to  a  high  tem- 
perature the  expert  workman,  by  a  peculiar  blow,  detaches  the  scale  of  oxide,  and 
Fnstantly  presses  both  surfaces  together;  two  men  then  by  repeated. blows  effect 

^'Ti:^SiTt'  ?il,'\l? dSUns'rr:?i-on  of  the  advantages  of  particular 
patTerL  ^ms  to  resolve  itself  into  the  decided  preference  for  -  f"'' f  P-^'^  ^'''l^ 
unchanged  in  form  from  the  round  of  the  iron  ™P  «yed,  ^vhile  the  ends  maj^^^^ 
reduced,  somewhat  flattened,  and  increased  in  breadth.    The  links  thus  m  contact 
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Iiave  the  pressure  sustained  by  a  greater  breadth  of  surface,  and  compression  can 
scarcely  alter  the  form. 

The  length  of  a  good  link  maybe  of  round  iron  6  diameters  in  length  of  link.  (See 
fg.  343.)  A  a  and  from  b  to  6  3-7  to  4  diameters  of  the  iron  rod  employed,  and  17 
to  2  diameters  inside. 

The  stuil,  staple,  or  cross -bit  is  of  cast  iron,  and  is  placed  across;  its  use  is  to  prevent 
the  sides  from  collapsing  by  extension  of  the  chain;  in  fact,  to  keep  up  a  succession  of 
joints,  and  prevent  the  chain  from  becoming  a  rigid  bar  of  metal. 

The  stud  or  cross-piece  shown  at  c  is  of  cast  iron,  with  dates  and  marks  upon  the 
surface.  It  is  cast  with  a  hollow  bearing,  having  a  curve  to  receive  the  round  iron  of 
the  hnk ;  its  shoulders,  or  featheria<r,  enables  the  workman  to  insert  it  readily  and  a 
few  blows  upon  the  yielding  iron  give  the  requisite  grip,  and  all  proper  service  only 
tends  more  firmly  to  keep  it  m  position,  very  different  indeed  to  the  form  fiq.  333, 
which  would  positively  injure  the  link. 

In  all  cases  this  cross-piece  has  been  of  cast  iron.  Wrought  iron  was  tried,  but 
found  to  be  too  expensive.  Malleable  iron  has  been  patented,  but  it  is  a  question 
ktter     "  "^^^  ^"^""^      common  foundry  iron,  from  the  cheapness  and  facility  of  the 

The  cables  are  proved  and  tested  by  regulated  strains  brought  to  bear  continuously 
up  to  the  proof  strain,  and  then  even  up  to  the  ultimate  destruction  of  some  of  the 
links.  If  the  final  strength  or  opposition  to  resistance  is  required  to  be  known.  The 
proot  of  cable  should  be  600  lbs.  for  each  circle  of  iron  >th  of  an  inch  in  diameter 

The  Cham  is  attached  at  one  end  horizontally  to  a  hydraulic  press,  the  other  end  to 
the  enormous  head  ot  a  bent  iron  lever,  whose  power  is  multiplied  by  second  and  third 
ron  levers  all  working  upon  kmfe  edges,  and  to  the  last  lever  a  scale-pan  is  attached; 
1  lb.  being  here  placed  is  equivalent  to  a  strain  of  2240  lbs.  upon  the  bar  or  chain  that 
IS  being  ested  This  niach  ne  of  Brown,  Lenox,  and  Co.,  MillwaU,  is  more  pow«5^ 
^"^'^  dockyard.  The  proving  machine,  in;ented  by^clptain 
Brown  m  1813,  was  a  great  step  towards  the  production  of  confidence  ^ 

z^:^\,fzZ!'z:Si » '^^^<^ 

may  suddenly  snap,  the  chain  lashes  about,  and  the  fragments  tlv  to  .  \ 

1..^.!..  .re  ..i,ea  b,  sb.okle,.    I„  the  Sh ^.^'e ™bl.?  S'^  'l 
placed  at  each  extremity  for  the  anchor  shacklp  tr,  r....  fi  links  are 

Navy  cables,  each  lengl  is  alike  prov^ef^  fh'.ar.f^^^^^^^^  ^"^^l 
any  end  of  any  length  may  be  placed  to  the  anchor  Itock     'h^figs  ^^C^U 
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merchant  service  there  does  not  appear  to  he  any  precise  rule.  Sometimes  one,  two, 
or  more  swivels  may  be  in  100  fathoms;  and  in  chRip  chains,  bought  and  judged  by 
•wein-ht  and  fi'nires,  no  swivtl  whatever  exists  in  the  cable. 

Tlie  effect  of  such  twisting,  or  torsion,  is  to  form  a  kink,  and  give  powerful  lateral 
pressure  upon  the  link ;  the  stud  or  cross-piece  is  forced  out,  and  the  link  itself  may 
yield  at  the  moment  at  any  flaw  or  imperfection  of  welding. 

The  mooring  swivel  is  that  by  which  a  ship  can  ride  with  two  anchors  down  at 
the  same  time,  and  two  bridles  on  board  the  ship.  The  mooring  swivel,  being  equal 
in  strenn-th  to  the  two  cables,  is  over  the  bow,  and  enables  the  ship  to  swivel  round 
her  anchors  without  fouling  hawse;  in  any  direction  the  ship  can  swing  round  this 
swivel  or  point,  leaving  her  anchors  undisturbed,  whereas  by  two  cables  out,  without 
this,  she  would  require  great  care  to  prevent  them  from  fouling,  and  even  being  lost. 
This  is  an  essential  advantage  of  chain  over  hemp. 

The  splicing  shackle  is  to  unite  or  splice  a  hempen  cable  to  be  used  on  board  ship, 
attached  to  the  chain  cable,  which  lies  on  the  ground  or  bottom,  so  that  the  vessel 
rides  lightly  at  her  anchor,  while  the  iron  chain  cable  preserves  the  hempen  cable 
from  being  destroyed  by  the  rocky  bottom,  and  the  ship  has  the  light  hemp  cable 
rendered  buoyant  by  the  water,  which  lifts  portions  of  the  chain  cable  by  the  motions 
of  the  vessel;  and  thus,  the  ship  is  relieved  from  weight  and  the  anchor  from  jerks. 

The  splicing  shackle,  on  the  Hon.  George  Elliott's  plan,  is  shown  above  {fig.  343). 
The  rope  is  served  round  an  iron  thimble  a,  on  the  shackle  b,  with  end  Imks,  and  en- 
larged links  without  stay-pins  CD,  leading  to  the  anchor,  while  the  hempen  cable  a 

eoes  to  the  ship.  ,     ,  .  ,  .        w  i 

In  the  Royal  Navy  4  cables  are  employed  to  moor  the  ships,  two  being  end  to  end. 
When  ships  lay  long  on  certain  shores,  the  pin  or  fastening  often  gets  loose  by  the 
constant  tapping  and  vibrations  of  the  chain  cable  on  the  rocky  or  shmgly  bottom 
Men-of-war  at  some  stations  suffered  severely  in  this  way,  and  the  commander  at 
Malta  had  reason  to  represent  it  as  a  very  serious  matter.  Mr.  Lenox  s  plan  tor 
securing  the  bolts  and  pins  is  now  made  a  point  of  contract  to  be  adopted  m  all 

fastenings  for  the  Royal  Navy.  1,^11*1,0  ^;ffl,.„u;,.<j 

Simple  as  it  would  seem  to  devise  a  plan,  yet  it  was  years  before  all  the  difficulties 
could  be  surmounted.  This  arrangement  may  be  understood  by  reference  to  the  figure 

of  a  shackle  with  links,  {fiy.  344):  at  e  is 
344  seen  the  aperture  at  riglit  angles  to  the 

bolt  F,  (of  oval  iron)  through  this  channel, 
cut  through  the  shackle  and  the  bolt,  a 
tapering  but  not  quite  cylindrical  steel 
pin,  fits  exactly;  but  does  not  quite  pro- 
ceed through  the  iron  ;  it  is  shown  at  g  g. 
Various  plans  used  to  be  resorted  to 
before  this  final  preference;  for  the  steel 
pins,  of  whatever  form,  got  loose  by  re- 
peated tapping  on  the  rocky  bottom,  or 
the  links  upon  each  other.  Mr.  Lenox 
succeeded  in  cutting  the  cavity  at  e  of 
the  form  of  a  hollow  cone,  and  to  com- 
plete  the  fastening,  a  Pe^f  or  cylinder  of  lead  th^^w^^^^^^ 

driven,  and  then  by  repeated  Wow.  the  ^ead  is  m  ^^.^  ^^^^  ^^^^ 

quantity  of  lead  berag  cut  oif  by  the  hammei  at  e  ^ 

Secess/ry  to  find  the  -J  ^'stt  pir/^  drivefo„t  ^  conical  bearin'g,  and 

and  then,  with  a  few  blows,  the  steel  pin  9^  is  ^^^.^^^  ^^^^^  ^^^^ 

its  fiat  top  and  cutting  edges  ^^^^e  .  ^o  emei  ^  ^^b^ 

bolt  F  is  taken  out,  and  tliectam  s  ve  ed  if  required,  t^^^^  ^^^^  ^^^^ 

of  its  lead  by  a  P'  "P«^«'^"i"S:°;*  the  sailor  can  sever  the  cha^n 

thus  Matters  of  critical  ppe^ment.  ,j  j^^^j^^     to  25ths,  being 

Commencing  with  i  inch  cham,  and  trymg  4  uniis  01 
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the  largest  diameter  of  round  iron  for  the  greatest  cable  links  ever  hitherto  made, 
being  those  for  the  sheet  anchor  of  the  "  Leviathan,"  taking  the  breaking  strains,  and 
reducing  all  the  links  to  the  proportion  borne  upon  a  circle  |th  of  an  inch  in  diameter, 
the  minimum  breaking  force  was  796-25  lbs.,  and  the  maximum  1052-8  lbs. 

Sometimes  the  fracture  was  found  to  be  dependent  upon  flaws,  sometimes  from 
over  heating,  or  unequal  heating,  and  other  practical  causes ;  but  the  whole  series  of 
experiments  was  important  and  interesting. 

The  iron  lengthens  to  the  intense  strains  employed,  long  before  fracture.  The 
comparison  of  actual  extension,  while  under  enormous  force  at  ordinary  temperatures, 
was  ascertained  by  the  following  impressive  experiments  .-  — 

The  "  Leviathan  "  second  size  cable  of  2|ths  diameter  of  iron  employed  in  the  links. 
Three  links  measured  35\  inches  by  strain  of  10  tons  (of  course  it  requires  power  to 
extend  them  fairly). 


At 


(Proof) 


And  broke  , 


50  tons 
85 

no 

124 
140 
150 
160 
170 
180 


stretched  J  of  an  inch. 
1 1 

»     2^  „ 


A  few  links  of  the  best  bower  anchor  cable  of  the  "  Leviathan  "  taken,  proved,  and 
destroyed. 

Three  links  measured  at  15  tons  39  incies. 


At  75  tons 

125  „ 
(Proof)    „  1485 

„  160  „ 

„  170  „ 

„  180  „ 

„  190  „ 

„  200  „ 

It  bore  ,,217  „ 

And  broke  „  218  „ 


stretched  J  of  an  inch. 

»      3  „ 
„  3^ 


Table  showing  the  Principal  Dimensions  of  the  Common  Links,  Weights,  and  Scale  of 
frooffoT  Cham  Cables  to  be  supplied  to  Her  Majesti/s  Navy. 


Common  Links. 


Diameter  of 
Iron  or  Common 
Links. 


Mean  Length, 
6  Diameters  of 
Iron,  not  to  vary 
more  tlian  -jL  of 
a  Diameter. 


Inches. 
2 

n 

n 
n 

IJ 


S 


II 

TS 
5 
8 
9 

78 

i 


Inches. 
13| 
121 
12 

lOA 


9 

n 


Mean  Width  of 
Links,  3  6  Dia- 
meters. 


3 
2g 


Inches. 

8-1 

7-65 

7-2 

6  75 

6-3 

5-85 

5-4 

4-95 

4-5 

4-05 

3-60 

^•15 

2-7 

2-475 

2-25 

2-025 

1-8 

1-575 


Weight  of  100  Fathoms  of 

Cable  in  8  Lengths,  in- 
cluding Sjoining  Shackles 
and  4  Swivels,  not  to  be  ex- 
ceeded by  more  than  j'j. 


Cwts. 

qrs. 

lbs 

243 

0 

0 

216 

3 

0 

192 

0 

0 

168 

3 

0 

147 

0 

0 

126 

3 

0 

108 

0 

0 

90 

3 

0 

75 

0 

0 

60 

3 

0 

48 

0 

0 

36 

3 

0 

27 

0 

0 

22 

2 

21 

18 

3 

0 

15 

0 

21 

12 

0 

0 

9 

0 

21 

Weights  by 
which  to  be 
proved  equal  to 
630  lbs.  per  Cir- 
cular ^  of  Inch. 


S 


T 
91 
81^ 
72 
63\ 
55k 
47^ 
40^ 
34 
28^ 
225 
18 
13? 
10^ 
8J 


3i 


113 
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CADMIUM. 


As  the  merchant  marine  may  frequently  be  called  upon  for  public  service,  it  may 
be  useful  to  know  the  particulars,  which  are  pro?ftulgatc-d  from  Lloyd's.  A  chain 
cable  seldom  breaks  with  the  duty  assigned,  if  proportioned  to  the  tonnage,  if  the  iron 
be  sound  and  the  workmanship  good. 

Weights  of  Ordinary  Anchors,  Sizes  and  Lengths  of  Chain  Cables,  and  Sizes  and 
Lengths  of  Hawsers  and  Warps,  to  be  recommended  when  the  Surueyors  aie  applied 
to  by  Ship  Builders  and  Ship  Owners. 


Ship's 
Tonnage. 

Anchous. 

Chans. 

lUwsEns  AND  Wabps. 

Number. 

Weight. 

Bowers. 

Stream. 

Kedges. 

Bowers. 
Woodstock. 

Bowers. 
Iron  Stock. 

Stream. 

Kedge. 

2nd  Kedge. 

Size. 

Length. 

*  Stream. 

Hawser. 

s. 

t- 

n 

p: 

Length. 

X  ons. 

Cwts. 

Cwts. 

Cwts. 

Cwtu. 

V^WtS. 

Inch. 

Fathras. 

Inch. 

Inch. 

Inch. 

50 

0 

1 

1 

3 

4 

n 

TS 

120 

5 

3 

CJ 

75 

2 

1 

1 

4 

5 

1  2 

T8 

120 

5 

3 

lUO 

2 

1 

1 

5 

7 

14 

TU 

150 

5i 

3 

03 
QJ 

150 

2 

1 

1 

8 

10 

If 

1 

180 

6 

4 

CO 

200 

3 

1 

1 

10 

12 

4i 

1 

180 

6| 

4 

— 

s 

O 

250 

3 

1 

2 

13 

15 

5 

n 

200 

7 

5 

300 

3 

1 

2 

15 

17 

6 

3 

n 

200 

n 

5J 

.a 

350 

3 

1 

2 

17 

20 

6i 

3J 

li 

240 

n 

5^ 

0 

o» 

400 

■  3 

1 

2 

19 

22 

n 

31 

240 

8 

6 

CD 

.a 

500 

3 

1 

2 

23 

26 

9 

H 

270 

9 

7 

0 

600 

3 

1 

2 

26 

30 

10 

5 

n 

270 

9i 

7 

4 

700 

3 

1 

2 

29 

34 

11 

ii 

300 

10 

8 

5 

a 

800 

3 

1 

2 

31 

36 

12 

6 

3 

300 

10 

8 

5 

*^ 

900 

3 

1 

2 

33 

39 

12 

6| 

3i 

300 

10 

9 

5ii 

0 

1000 

3 

1 

2 

35 

41 

12 

6f 

3i 

300 

10 

9 

H 

1100 

3 

1  . 

2 

37 

44 

12 

"7 

3i 

1  7 

300 

10 

9^ 

6 

n 

1200 

3 

1 

2 

39 

46 

12 

7i 

3^ 

1  ' 

'h 

300 

10 

6 

1400 

3 

1 

2 

41 

48 

12 

Ti 

4 

2 

300 

10 

10 

6 

1600 

3 

1 

2 

43 

50 

14 

8J 

4 

2 

300 

11 

lo- 

6^ 

1800 

3 

1 

2 

45 

62 

14 

8^ 

2^ 

300 

11 

ll 

7 

2000 

4 

1 

2 

47 

54 

14 

9 

2J 

300 

11 

11 

7 

See  Messenger,  Shackle,  and  Coir. 

■  CAGAO.  The  T/ieofooma  Cacao  (or  Food  of  the  Gods,  as  Linnaeus  named  the  tree) 
is  a  native  of  the  West  Indies  and  of  continental  America.  Its  seeds  (nuclei  Cacao), 
when  torrefied,  and  with  various  additions  (sugar,  and  usually  either  cinnamon  or 
vanilla)  made  into  a  paste,  constitutes  Chocolate  (chocolatu),  which  furnishes  a  very 
nourishing  beverage,  devoid  of  the  injurious  properties  ascribed  to  both  tea  and  coffee  ; 
but  which,  on  account  of  the  contained  oil,  is  apt  to  disagree  with  dyspeptics.  Cocoa 
is  another  preparation  of  these  seeds.  It  is  said  to  be  made  from  the  fragments  of 
the  seed-coats,  mixed  with  portions  of  the  kernels. — Pereira.  See  Chocolate,  Cocoa, 

^^ADMIUM  is  a  metal  discovered  by  Stromeyer  about  the  beginning  of  the  year 
1818  It  derives  the  name  Cadmium  from  Cadmia  fossilis—z.  denomination  by  which 
the  common  ores  of  zinc  were  formerly  distinguished.  It  occurs  chiefly  in  Silesia  m 
several  ores  of  zinc,  and  may  be  readily  recognised  by  means  of  the  blowpipe  ;  for,  at 
the  first  impression  of  the  reducing  or  smoky  part  of  the  flame,  the  ores  containing 
cadmium  stain  the  charcoal  all  round  them  with  a  reddish-yellow  circle  of  oxide 
of  cadmium.    The  Silesian  native  oxide  of  zinc  contains  from  U  to  11  per  cent,  ot 

'^'^Th'eTadmiummaybe  extracted  by  dissolving  the  ore  in  sulphuric  acid,  leaving 
the  solution  acidulous,  and  diluting  it  with  water,  then  transmitting  through  it  a 
stream  of  sulphuretted  hydrogen,  till  the  yellow  precipitate  ceases  to  fall.  1  liis  pow- 
der, which  is  sulphuret  of  cadaiium,  is  to  be  dissolved  in  concentrated  muriatic  acid 
the  excess  ofwhich  is  to  be  expelled  by  evaporation;  and  the  miiriatic  salt  be  ng 
dissolved  in  water,  carbonate  of  ammonia  is  to  be  added  in  excess,  ^^l^ercby  U^c 
cadmium  separates  as  a  carbonate,  wbUe  the  small  portion  of  adhering  copper  01  zmc 
•  The  stream  cables  may  be  of  iron,  of  prororlionate  sizes. 


CAJUPUT  OIL. 
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is  retained  in  solution  by  the  ammonia.  Herapath  has  shown  that,  in  distilling  zinc 
per  descensiim  (see  Zinc),  the  first  portions  of  gaseous  metal  which  are  disengaged 
burn  with  a  brown  flame  and  deposit  the  brown  oxide  of  cadmium. 

Cadmium  has  the  colour  and  lustre  of  tin,  and  is  susceptible  of  a  fine  polish.  Its 
fracture  is  fibrous ;  it  crystallises  readily  in  regular  octahedrons  ;  and  when  it  sud- 
denly solidifies,  its  surface  gets  covered  with  fine  mossy  vegetations.  It  is  soft,  easily 
bent,  filed,  and  cut,  soils  like  lead  any  surface  rubbed  with  it.  It  is  harder  and  more 
tenacious  than  tin,  and  emits  a  creaking  sound  when  bent,  like  that  metal.  It  is  very 
ductile,  and  may  be  drawn  out  into  fine  wire,  and  hammered  into  thin  leaves,  without 
cracking  at  the  edges.  Its  specific  gravity,  after  being  merely  melted,  is  8-604  ;  and 
8'6944  after  it  has  been  hammered.  It  is  very  fusible,  melting  at  a  heat  much  under 
redness  ;  indeed,  at  a  temperature  little  exceeding  that  of  boiling  mercury,  it  boils  and 
distils  over  in  drops.  Its  vapours  have  no  smell.  It  is  but  slightly  altered  by  expo- 
sure to  air.  When  heated  in  the  atmosphere,  it  readily  takes  fire,  and  burns  with  a 
brownish-yellow  smoke,  which  is  destitute  of  smell.  In  strong  acids  it  dissolves  with 
disengagement  of  hydrogen,  and  forms  colourless  solutions.  Chromate  of  potash 
causes  no  precipitate  in  them,  unless  zinc  or  lead  be  present. 

There  is  only  one  oxide  of  cadmium,  CdO,  the  brown  above  mentioned.  Its  specific 
gravity  is  8-183.  It  is  neither  fusible  nor  volatile  at  a  very  high  temperature.  When 
in  the  state  of  a  hydrate,  it  is  white.  The  oxide  of  cadmium  consists  of  87  45  parts 
of  metal,  and  12-55  oxygen,  in  100  parts.  Berzelius  states  its  atomip  weight  to  be 
65-833  (55-74  is  the  equivalent  now  usually  adopted)  to  hydrogen  l-QOO.  Its  sulphide 
(sJphuret)  has  a  fine  orange-yellow  colour,  and  would  form  a  beautiful  pigment,  could 
the  metal  be  found  in  sufficient  quantity  for  the  purposes  of  art.  A  crystalline  sul- 
phide is  obtained  by  fusing  1  part  of  the  precipitated  sulphide  with  5  parts  of  carbonate 
of  potash  and  5  parts  of  sulphur,  or  by  passing  dry  hydrosulphuric  acid  gas  over 
strongly-heated  chloride  of  cadmium.  The  chloride,  iodide,  bromide,  and  sulphate  of 
cadmium  have  been  prepared  and  examined;  but,  with  the  exception  of  the  use  of  the 
iodide  and  bromide  in  photography,  none  of  these  salts  are  of  any  importance  in  the 
arts.  There  are  several  definite  alloys  of  cadmium,  but  they  have  no  commercial  or 
manufacturing  interest.  The  sulphate  is  applied  to  the  eyes,  by  surgeons  for 
removing  specks  on  the  cornea.  ' 

CAFFEINE.    (CWWO-.)    A  weak  alkaloid  discovered  in  coffee,  remarkable  for 
contammg  azote.    It  is  white,  crystallisable  in  silky  needles,  fusible,  volatile,  and 
soluble  m  water,  alcohol,  and  ether.    It  is  identical  with  T/teiiie  and  with  Uuaranin 
Accordmg  to  Robiquet,  the  proportion  of  caffeine  in  1000  of  coffee  is  as  follows  -— 
Martmique  6-4,  Alexandrian  4-4,  Java  4-4,  Mocha  4,  Cayenne  3  8,  St.  Domingo  3-2 
It  IS  probable  that  0-64  per  cent,  is  an  ordinary  proportion.    According  to  Liebio-  the 

proportions  are  per  lb  Martinique  32  gr.,  Alexandrian  22,  Java  22,  Mochli  oq 

Cayenne  19,  St.  Domingo  16.  H.  J.  Versman  of  Lubeck  mixes  10  lbs.  of  bruised  raw 
coffee  with  2  of  caustic  lime,  made  previously  into  hydrate  ;  treats  the  mixture  in  a 
displacement  apparatus  with  alcohol  of  80°,  till  the  fluid  which  passes  through  no 
longer  furnishes  evidence  of  the  presence  of  caffeine.  The  coffee  is  then  roughly 
ground  and  brought  nearly  to  the  state  of  a  powder,  and  the  refuse  of  the  once 
digested  mixture  from  the  displacement  apparatus,  dried  and  ground  again,  and  mixed 
with  hydrate  of  lime  is  once  more  macerated.  The  grindin|  is  more  easily  effected 
after  the  coffee  has  been  subjected  to  the  operation  of  alcohol!  having  lost  fts  horny 


quality  and  the  caffeine  is  thus  more  certainly  extracted.  The  clear  alcoholic  liquid 
thus  obtained  is  then  to  be  distilled,  and  the  refuse  in  the  retort  to  be  washed  wi  h 
warm  wntpr  tn  sprmmfo  tVio  «  I  :   ...  v.  aoucu  wiin 


ining  white  silky  crvstals.    See  Theine 

T,elWi.fn^?^^^'^^'.°'  CAIRNGORM,  is  the  name  generally  applied  to  the  more 
pellucid  and  paler  coloured  vaneties  of  smoky  quartz,  tith  a  tint  resembling  th^t  of 
sherry  or  amber.  It  is  so  called  from  the  district  Cairngorum,  or  the"'  Blue  MoL 
^nn,'  in  the  south-west  of  Banff,  where  these  crystals  L  fr"q°ently  found  Whpn' 
of  a  good  colour,  this  crystal  is  made  into  ornaments,  and  used^r  iewellen  inLpH 
so  great  a  favourite  is  the  Cairngorum  with  the  people  of  ScotLnT  /l  n/Li  .  ' 
pin^Wlets,  and  a  variety  of  ornaments,  are  maL  £h  thl^^l^  £^STy'"li 

CAJUPUT  OIL  is  obtained  from  the  leaves  of  the  tree  mllpH  MoUi 
which  grows  upon  the  mountains  of  Amboyna,  and  in  other  of  he  MowT  T'".'' 
It  IS  procured  by  distillation  of  the  dried  leaUs  wiVSr  is  nivnn  f-'^^ 

tuj  ? h^  rg^re1ntt;!!?;^r  iJl  S^l  ^  P^^^^^ 
per  in  several  samplfs  of  ^^ut         Pe^eir^stj^  '^J^'i::  ^T^:^^ 

I  I  4 
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^vhicli  I  have  examined,  though  green,  were  quite  devoid  of  copper  :"  and  Mr  Brin,l„ 
observes,  that  none  of  the  samples  which  he  has^examined  have  contained  ev?n^ 
trace  of  copper.    It  is  very  lijupid,  lighter  than  water,  of  a  stronVsmeU  resembIL' 

extolled  as  a  remedy  for  cholera;  and  to  meet  the  sudden  and  larffe  deman,!  vari  us 
adulterations  and  un.tafons  were  introduced.    One  of  these  co,,sisted  o7oil  o 
mary  flavoured  w.th  cardamoms,  and  o,l  of  cardamoms,  and  coloured.    According  to 
Blanchet,  tlie  composition  ot  oil  of  cajuput  (C"'H"0)  is  carbon  77-92  hvdrocen  i^fiQ 

CALAMANCO  A  sort  of  woollen  stuff  of  a  shining  appearance  cheouered  in 
the  warp,  so  that  the  checks  are  seen  only  upon  one  side       ^'P'"*'^'"''^'-'  ci^equered  in 

CALAMINE.    A  native  carbonate  of  zinc.    (See  Zinc.)    The  term  CaW»e  or 
Z„p^s  calammans,  has  been  applied  to  this  ore  of  zinc  since  the  daysTf  the  A  abian 
alchemysts    It  is  so  used  now  by  Brook  and  Miller,  by  Greg  and  LeUsom  and  others 
yet  we  find  y^^^^  g  ,7°™;^!:!°*^^^; 

cTLC^REOUsTinVk  of  a/reement.  among^miner'alogiS 

H^nntcV-       •  EARTH  (Terre  calcaire,  Fr.  ;  Kalkerdc,  Germ.)  commonly 

denotes  ime,  m  any  form  ;  but,  properly  speaking,  it  is  pure  lime.    This  t^rm  U 

TA?&fL^Ss%^^^^^^  earths  containing^a  considLble  quantity  of  Hme." 

«..Ai.(.AUJiOUfc>  SPAR.  Crystallised  native  carbonate  of  lime,  of  which  there 
are  many  varieties.  i"cic 

Carbonic  acid  4.1-0,  lime  56-0,  may  be  regarded  as  the  usual  composition  of  calc 
spar  ;  It  often  contains  impurities  upon  which  depend  the  colours  assumed  bv  the 
crystal.  The  carbonates  of  hme  are  extensively  distributed  in  nature,  as  marbles 
chalk,  and  crystalline  minerals.    See  Iceland  Spar,  Marble,  &c. 

CALCAREOUS  TUFA.  This  term  is  applied  to  varieties'  of  carbonate  of  lime 
tormed  by  the  evaporation  of  water  containing  that  mineral  in  solution. 

It  is  formed  in  fissures  and  caves  in  limestone  rocks,  about  the  borders  of  lakes  and 
near  springs,  the  waters  of  which  are  impregnated  with  lime.  In  the  latter  cases'  it  is 
frequently  deposited  upon  shells,  moss  and  other  plants,  which  it  covers  with  a  calca- 
reous crust,  producing  frequently  a  perfect  representation  in  stone  of  the  substance  so 
enveloped. — H.  W.  B. 

CALCEDONY.    See  Chalcedony. 

CALCHANTUM.    The  ancient  name  of  the  native  sulphate  of  iron. 

CALCINATION  (from  Calcine).  The  operation  of  expelling  from  a  substance, 
by  heat,  either  water,  or  volatile  matter  combined  with  it.  Thus,  the  process  of  burn- 
ing lime,  to  expel  the  carbonic  acid,  is  one  of  calcination.  The  result  of  exposino-  the 
carbonate  of  magnesia  to  heat,  and  the  removal  of  its  carbonic  acid,  is  the  production 

calcined  magnesia.  This  term  was,  by  the  earlier  chemists,  applied  only  when  the 
substance  exposed  to  heat  was  reduced  to  a  calx,  or  to  a  friable  powder,  this  being 
frequently  the  oxide  of  a  metal.  It  is  now.  however,  used  when  any  body  is  subjected 
even  to  a  process  of  roasting. 

CALCIUM.  {Equivalent  20)  The  metal  contained  in  the  oxide  well  known  as 
lime.  It  was  first  obtained  by  Davy,  in  1808,  by  the  electrolysis  of  the  hydrate,  car- 
bonate, chloride,  or  nitrate  of  lime.  Matthiessen  obtains  it  by  heating,  in  a  porcelain 
crucible,  a  mixture  of  two  equivalents  of  chloride  of  calcium,  with  one  equivalent  of 
chloride  of  strontium,  and  muriate  of  ammonia,  until  the  latter  is  volatilised.  The 
current  from  six  cells  of  Bunsen's  battery  is  then  sent  through  the  mixture  by  a 
charcoal  pole  of  as  large  size  as  possible,  and  a  piece  of  iron  piano-forte  wire  (No.  6), 
not  more  than  two  lines  in  length,  which  is  united  with  the  negative  pole  of  the 
battery  by  means  of  a  stronger  wire  reaching  close  to  the  surface.  A  small  crust  is 
to  be  formed  round  the  wire  at  the  surface.  To  collect  the  small  globules  deposited 
on  the  wire,  the  latter  must  be  taken  out  every  two  or  three  minutes,  together  with 
the  crust.  The  globules  are  crushed  in  a  mortar,  and  the  flattened  granules  are  then 
picked  out.  Calcium  is  a  brilliant  pale  yellow  metal,  malleable  and  ductile.  See 
Lime.— C.G.  W. 

C  ALC-SINTER.  The  incrustations  of  carbonate  of  lime  upon  the  ground,  or  the 
pendulous  conical  pieces  called  stalactites,  attached  to  the  roofs  of  caverns,  are  so  called. 

CALCULUS.  The  stony-looking  morbid  concretion  occasionally  formed  in  the 
bladders  and  other  parts  of  living  animals. 

Its  examination  belongs  to  medical  chemistry, 

CALENDER  {Calandrc  Fr.;  Kalandcr,  Germ.),  a  word  derived  from  the  Greek 
halindios  (cylinder),  is  the  name  of  a  machine  consisting  of  two  or  more  cylinders 
revolving  so  nearly  in  contact  with  each  other,  that  cloth  passed  through  between 
them  is  smoothed,  and  even  glazed,  by  their  powerful  pressure.  It  is  employed  either 
to  finish  goods  for  the  market,  or  to  prepare  cotton  and  linen  webs  for  the  calico 


CALENDER.  489 

printer,  by  rendering  their  surfaces  level,  compact  and  uniform.  This  condensation 
and  polish,  or  satinage  as  the  French  call  it,  differ  in  degree  according  to  the  object 
in  view,  and  may  be  arranged  in  three  dilFerent  series :  1.  For  goods  which  are  to 
receive  the  first  impression  by  the  blocli,  a  very  strong  pressure  is  required,  for  upon 
the  uniformity  of  the  polish  the  neatness  and  the  regularity  of  the  printing  and  the 
correspondence  of  its  members  depend.  2.  The  pieces  already  dyed  up  at  the  madder 
bath,  or  otherwise,  and  which  remain  to  be  filled  in  with  other  colours,  or  grounded  in, 
as  it  is  technically  called,  must  receive  a  much  less  considerable  glnss.  3.  The 
degree  of  glazing  given  to  finished  goods  depends  upon  the  taste  of  purchasers,  and 
the  nature  of  the  article  ;  but  it  is,  in  general,  much  less  than  for  the  first  course  of 
block  printing. 

The  calico  printers  of  Alsace  employ  an  improved  form  of  calender,  to  that  usually 
employed  in  this  country,  which  is  the  contrivance  of  M.  Charles  Dollfus.  It  is 
described  as  possessing  the  following  advantages :  1.  It  passes  two  pieces  at  once, 
and  thus  does  double  the  work  of  any  ordinary  machine.  2.  It  supersedes  the  neces- 
sity of  having  a  workman  to  fold  up  the  goods,  as  they  emerge  from  the  calender, 
with  the  aid  of  a  self-acting  folder.  3.  It  receives,  at  pleasure,  the  finished  pieces 
upon  a  roller,  instead  of  laying  them  in  folds ;  and,  by  a  very  simple  arrangement,  it 
hinders  the  hands  of  the  workman  from  being  caught  by  the  rollers.  ' 

The  most  remarkable  feature  of  M.  Dollfus's  machine  is  its  being  managed  by  a 
single  workman.  Six  or  eight  pieces  are  coiled  upon  the  feed  roller,  and  they  are 
neither  pasted  nor  stitched  together,  but  the  ends  are  merely  overlapped  half  a  yard 
or  so.  The  workman  is  careful  not  to  enter  the  second  piece  till  one  third  or  one 
.  half  of  the  first  one  has  passed  through  on  the  other  side,  to  prevent  his  being  en- 
grossed with  two  ends  at  a  time.  He  must,  no  doubt,  go  sometimes  to  the  one  side 
and  sometimes  to  the  other  of  the  machine  to  see  that  no  folds  or  creases  occur  and 
to  be  ready  for  supplying  a  fresh  piece  as  the  preceding  one  has  gone  through  The 
mechanism  of  the  folder  in  the  Alsace  machine  is  truly  ingenious  :  it  performs  ex- 
tremely well,  and  saves  the  attendance  of  an  extra  workman.  The  lapping-roller 
works  by  friction,  and  does  its  duty  fully  better  than  simUar  machines  guided  by  the 

_  The  numerous  accidents  which  have  happened  to  the  hands  of  workmen  engaged 
in  calenders  should  direct  the  attention  towards  an  effective  contrivance  for  preventin<r 
such  misfortunes    These  various  improvements  in  the  Alsace  machine  may  be  easTly 
^^'^  oi-'Ji°ary  calenders  of  almost  every  construction.  ^  ^ 

cl^i     °>     ■ ™       ^'^'^P^  "'"''^  inverted  pyramid,  shut  on  the  four 
Ides,  and  open  at  top  and  bottom:  the  top  orifice  is  about  five  inches,  the  bottom  one 
an  inch  a^d  a  half  :  the  front  and  the  back,  which  are  about  four  feet  broad  are  made 
of  tin  plate  or  smooth  pasteboard,  and  the  two  sides  are  made  of  strong  sheet-Tron 
the  whole  being  bolted  together  by  small  bars  of  iron.    Upon  the   hcef-iion  of  the 
sides,  iron  uprights  are  fixed,  perforated  with  holes,  throu-h  which  the  whor..n  J  ;! 
supported  freely  by  means  of  studs  that  enter  inlo  them     One  of  thT  ut-igMs  s 
longer  than  the  other,  and  bears  a  slot  with  a  small  knob,  which,  by  means  of  the 
ron  piece,  joins  the  guide  to  the  crank  of  the  cylinder,  and  thereby  coiZunicates  to 
the  cage  a  seesaw  movement :  at  the  bottom  extremity  of  the  great  uSht  thereTs  a 
bylrws"       ^'^^^  ^«  -  lowefed,  or  made 

itself.  ^     iinouon  impaited  by  the  seesaw  motion  of  the  cage 

orl^EV^an'oSfr,^^^^^^^^ 

come  sufficiently  near  tos^^iZv  fovlhT^Z^tJ^^.  !t  ^"S''^  ^5°:  they 

the  cloth  to  pass  throughfbu  n?t  t^e  fin*^^^^^^^^^    See  R  //T"'/  ?^ 'I'  *° 

de  Mulhausen,  No.  18.  ^  BulleUn  de  la  Societe  Industrielh 

in'^hi:  llnlT'l:  ilTlZlZ  tZ  1':"^'  °^  the  calender  „sually  employed 
rollers  are  made  ho  low  f^  the  nurnn^    '/^  °f  Place.  ^  The  iron 

or  steam   when  hot  caTende.  ng  ?s  Tquirfd ''Tii?''^/^  ^^^l 
o  be  made  of  wood,  but  it  was  Ikble  to  many  defects     Th  '^i'"'""'  ''''^  ^"^'"^'^^Y 
roller  consists  in  its  being  devoid  of  anvTpnZ.^    f  '      ^'^  advantage  of  the  paper 
w  en  exposed  to  a  consilerable  heat  SlhtToTt^VS  "^^P-  ^^P^^'y 

-lers.    The  paper,  moreover,  takes  a  va2i;rrU:;lS;Tein1  ^^1^ 
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nature,  presses  into  every  pore  of  the  cloth,  and  smooths  its  surface  more  effeetuaily 
than  any  wooden  cylinder,  however  truly  turned,  \K)uld  possibly  do. 

The  paper  cylinder  is  constructed  as  follows:  —  The  axis  of  the  cylinder  is  a  stron'^ 
square  bar  of  the  best  wrought  iron,  cut  to  the  proper  length.  Upon  this  bar  a  strong 
round  plate  of  cast  iron  is  first  put,  somewhat  less  in  diameter  than  the  cylinder  when 
finished,  a  quantity  of  thick  stout  pasteboard  is  then  procured,  and  cut  into  round 
pieces  an  inch  larger  in  diameter  than  the  iron  plate.  In  the  centre  of  the  plates,  and 
of  every  piece  of  the  pasteboard,  a  square  hole  must  be  cut  to  receive  the  axis  ;  and, 
the  circle  being  divided  into  six  equal  parts,  a  hole  must  also  be  cut  at  each  of  the 
divisions,  an  inch  or  two  within  the  rim.  These  pieces  of  pasteboard  being  succes- 
sively put  upon  the  axis,  a  long  bolt  of  malleable  iron,  with  a  head  at  one  end,  and 
screwed  at  the  other,  is  also  introduced  through  each  of  the  holes  near  the  rim ;  and 
this  is  continued  until  a  sufficient  number  of  pasteboards  are  thus  placed  to  form  a 
cylinder  of  the  length  required,  proper  allowance  being  made  for  the  compression 
which  the  pasteboard  is  afterwards  to  undergo.  Another  round  plate  is  then  applied, 
and,  nuts  being  put  upon  the  screws,  the  whole  are  screwed  tight,  and  a  cylinder 
formed. .  This  cylinder  is  now  to  be  placed  in  a  stove,  exposed  to  a  strong  heat,  and 
must  be  kept  there  for  at  least  several  days ;  and,  as  the  pasteboard  shrinks  by  ex- 
posure to  the  heat,  the  screws  must  be  frequently  tightened  until  the  whole  mass  has 
beeu  compressed  as  much  as  possible.  When  the  cylinder  is  thus  brought  to  a  suffi- 
cient degree  of  density,  it  is  removed  from  the  stove  ;  and,  when  allowed  to  cool,  the 
pasteboard  forms  a  substance  almost  inconceivably  dense  and  hard.  Nothing  now 
remains  but  to  turn  the  cylinder;  and  this  is  an  operation  of  no  slight  labour  and 
patience.  The  motion  in  turning  must  be  slow,  not  exceeding  about  forty  revolu- 
tions in  a  minute;  the  substance  being  now  so  hard  and  tough  that  tools  of  a  very 
small  size  must  be  used  to  cut,  or  rather  scrape  it,  until  it  is  true.  Three  men  are 
generally  employed  for  the  turning,  even  when  the  motion  of  the  cylinder  is  effected 
by  mechanical  power,  two  being  necessary  to  sharpen  tools,  as  quickly  as  he  blunts 
them,  for  the  third  who  turns. 

Let  us  suppose  it  to  be  a  five-roUered  machine :  when  a  person  stands  in  front  of 
the  calender,  the  cloth  coming  from  behind  above  the  uppermost  cylinder  1,  passes 
between  1  and  2  :  proceeding  behind  2,  it  again  comes  to  the  front  between  2  and  3  : 
between  3  and  4  it  is  once  more  carried  behind,  and,  lastly,  brought  in  front  between 
4  and  5,  where  it  is  received,  and  smoothly  folded  on  a  clean  board,  or  in  a  box,  by  a 
person  placed  there  for  the  purpose.  In  folding  the  cloth  at  this  time,  care  must  be 
taken  that  it  may  be  loosely  done,  so  tliat  no  mark  may  appear  until  it  be  again  folded 
in  the  precise  length  and  form  into  which  the  piece  is  to  he  made  up.  The  folding 
may  be  done  either  by  two  persons  or  by  one,  with  the  aid  of  two  sharp  polished  spikes 
placed  at  a  proper  distance,  to  ascertain  the  length  of  the  fold,  and  to  make  the  whole 
equal.  When  folded  into  lengths,  it  is  again  folded  across  upon  a  smooth  clean  table, 
according  to  the  shape  intended,  which  varies  with  the  different  kinds  of  goods,  or  the 
particular  market  for  which  the  goods  are  designed. 

When  the  pieces  have  received  the  proper  fold,  the  last  operation  previous  to  packmg 
them  is  the  pjessing.  This  is  commonly  performed  by  placing  a  certain  niimber  of 
pieces,  divided  by  thin  smooth  boards  of  wood,  in  a  common  screw  press,  similar  to 
those  used  bv  printers  for  taking  out  the  impression  left  by  the  types  in  the  printing- 
press.  Besides  the  wooden  boards,  a  piece  of  glazed  pasteboard  is  placed  above  and 
below  every  piece  of  cloth,  that  the  outer  folds  may  be  as  smooth  and  glossy  as  pos- 
sible The  operation  of  the  common  screw  press  being  found  tedious  and  laborious, 
the  hydraulic  press  is  now  had  recourse  to  in  aU  well  mounted  establishments.  See 

HvDRAULic  Press.  .       j.  .u- 

For  lawns  and  muslins  of  a  light  texture,  the  operation  of  smoothing  requires  a 
different  process  in  some  respects  than  close  heavy  fabrics.  They  only  require  to  be 
slightly  smoothed  to  remove  any  marks  which  they  may  have  received  at  the  bleach- 
in--  and,  as  their  beauty  depends  rather  on  their  transparency  than  their  c  oseness, 
the  more  the  cylindrical  form  of  the  yarn  is  preserved  the  better.  1  hey  are  therefore 
put  through  a  small  machine,  consisting  of  three  rollers  or  cylinders:  and,  as  the 
power  required  to  move  this  is  small,  the  person  who  attends  ,t  generally  driv-es  it  by 
a  small  winch  ;  or  the  same  eflect  may  be  produced  by  passing  the  muslins  between 
only  two  or  three  rollers  of  the  above  calender,  lightly  loaded. 

n  the  thick  fabrics  of  cloth,  including  those  kinds  which  are  used  for  many  parts 
of  household  furniture,  as  also  those  for  female  dress,  the  operation  of  g  azmg  is  used 
^.h  o  add  to  the  original  beauty  of  the  cloth,  and  to  render  ^^^-^^^^^^ 
dust  or  smoke.  The  glazing  operation  is  perfonned  entirely  by  he  °{ 
smooth  substance  upon  the  cloth;  and  to  render  the  g'«^%^|'-'g''  t^ltL  o^^ 
of  bleached  wax  is  previously  rubbed  over  the  surtace.  The  "P^'f °f A 
the  common  plan  is  very  laborious,  but  the  apparatus  is  of  the  most  simple  kind.  A 
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table  is  mounted  with  a  thick  stout  cover  of  level  and  -well-smoothed  wood,  forming 
an  inclined  plane;  that  side  where  the  operator  stands  at  work  being  the  lowest. 
The  table  is  generally  placed  near  a  wall,  both  for  convenience  in  suspending  the 
glazing  apparatus,  and  for  the  sake  of  light.  A  long  piece  of  wood  is  suspended  in  a 
groove  formed  between  two  longitudinal  beams,  placed  parallel  to  the  wall,  and  fixed 
to  it.  The  groove  resembles  exactly  the  aperture  between  the  shears  of  a  common 
turning  lathe.  The  lever,  of  which  the  groove  may  be  supposed  to  be  the  centre  or 
fulcrum,  is  faced  at  the  bottom  with  a  semi-cylindi-ical  piece  of  finely  polished  flint, 
which  gives  the  friction  to  the  cloth  stretched  upon  the  table'  below.  Above  the 
flint  are  two  cross  handles,  of  which  the  operator  lays  hold,  and  moves  them  back- 
ward and  foi-ward  with  his  hands,  keeping  the  flint  pressing  slightly  upon  the  cloth. 
When  he  has  glazed  a  portion  equal  to  the  breadth  of  the  flint,  he  moves  his  lever 
between  the  shears  sidewise,  and  glazes  a  fresh  part :  thus  he  proceeds  from  one  side 
or  selvage  of  the  cloth  to  the  other;  and  when  all  which  is  upon  the  table  is  sufficiently 
glazed,  he  draws  it  over,  and  exposes  a  new  portion  to  the  same  operation.  To  pre- 
serve the  cloth  at  a  proper  tension,  it  may  be  wound  smoothly  upon  a  roller  or  beam 
which  being  set  so  as  to  revolve  upon  its  own  axis  behind  the  table,  another  roller  to 
receive  the  cloth  may  be  placed  before,  both  being  secured  by  a  catch  acting  in  a 
ratchet  wheel.  Of  late  years,  however,  a  great  part  of  the  labour  employed  in  glazing 
cloth  has  been  saved,  as  the  common  four  or  five  bowl  calender  has  been  altered  to 
fit  this  purpose  by  direct  pressure. 

As  a  matter  of  accommodation,  the  different  processes  of  packing,  cordiuff  of  boxes 
sheeting  of  trunks,  and,  in  general,  all  the  arrangements  preparatory  to  shipment,  and 
also  the  intimations,  and  surveys  necessary  for  obtaining  drawbacks,  debentures  or 
bounties,  according  to  the  excise  laws,  are  generally  conducted  at  the  calender  houses 
where  goods  are  finished. 

_  CALICO-PRINTING  is  the  art  of  producing  a  pattern  on  cotton  cloth,  by  printinff 
in  colours,  or  mordants  which  become  colours,  when  subsequently  dyed.  Calico 
derives  its  name  from  Calicut,  a  town  in  India,  formerly  celebrated  for  its  manufactures 
ot  cotton  cloth,  and  where  calico  was  also  extensively  printed.  Other  fabrics  tbnn 
cotton  are  now  printed  by  similar  means,  viz.  linen,  silk,  wool,  and  mixUires  of  wool 
and  cotton.  Lmen  was  formerly  the  principal  fabric  printed,  but  since  molern 
improvements  have  produced  cotton  cloth  at  a  comparatively  cheap  rate,  linen  febdcs 
are  now  sparingly  used  for  printing,  and  then  principally  for  handkerchLfs  Hnen 
cloth  not  producmg  such  beautiful  colours,  in  consequence  of  the  smaU  afflni  y  of  flax 
for  mordants,  or  colouring  matters.  Silk  nrintinp-  nl.;r.  ;=  ^T,;ofl  ^'"""y  oi  nax 
kerchiefs  but  the  prin,in|of  ^ooUen^.^ZTIo:i:^^^^^^^ 

branch  of  the  art.    The  earliest  mode  of  ornamentino-  cloth  witi!  ,i  ""PO't'iiit 
doubt,  by  embroidery  with  the  needle,  and  this  mod^wa^s  a^^rn'osT  tvaf^fi^h  The\n 
of  dyeing,  which  is  of  very  remote  antiquity.    Herodotus  mention«  tW  i       ■    ,  • 
of  the  Egyptians,  sent  to  the  Lacedaemonians  ^pectS  Tf  TnZ'.trl^^^^^ 
figures  of  animals,  woven  into  the  cloth,  and  eSLl  with  golf  aTdl  T^^^^^^ 
colours.    A  simdar  pectoral  was  taken  among  the  spoils  at  the  bntiT  „f  V     ^  I 
presented  to  Alexander  the  Great,  who  wore  it  afte^ids  as  nart  if  h;?  •tv''"^ 
attire.    Cloth  was,  however  stained   in  n  m^I  t    ^    ■  °*  military 

juices  of  plants.  HerXtusVeSn^  a  ScytWan  tHbe  who'j  "7^.'  "^'^ 
with  figures  of  animals  by  means  of  the  Ses  of  a  w  h  T^'  ^u''""  g^^^nts 
figures  would  not  wash  o'ut.  and  Iasted%\Tng1s  the'cloth  "ft"^^^^^^  "^'''^ 

speculation  as  to  what  this  fl  VP  wQc    x  yom.    n  is  an  interesting 

as  in  early  tim^s  the  ou  e^gaTments  ^  rf  a^^^^^^^^  "  olli'"'  -re  probably  wooUen^ 
might  have  been  indigo  in  a  solute    aTe  as  Broducerhif'  Particular  dye 

^ater ;  according  to  Sir  Wimam  Jon  rthrie^aves  the^tTh' b^^  ^"'^ 
m  water,  stain  the  skin  or  nails  orange  and  wonlH  rlnTK.i  ?  f ^'■"'^^"i 
cloth.  The  first  record  of  calico-pSras  InlisTf'  f  °Pr'  ''™f  °°  ^""^^'^ 
the  process  followed  by  the  Egyptians  4h"o  seem  to  hLl  .n  T'"^''  describes 
degree  of  refinement  i'n  the  fr't'  "  Lbes  rd  white  veils  'Cs  hV"^  '^'^-^^^rMe 
Egypt  m  a  wonderful  way.  They  are  first  imhnp^  ^i'  'l^^'^^'  ^''^  pamted  in 
absorbing  drugs,  by  which,  though  thevsrem  To  it '  7"^  ^y''''  ^''^ ''''^^  ^ye- 
for  a  little  while  in  a  cauldron  of  the  bUn"  dye  Lu^^^^^^^^^^  ^'''."^T  ~^''<i 
painted.  Yet,  as  there  is  only  one  colour  in  the  cauS^  W  ^  ^  ff"'"'^  *° 
colours  imparted  to  the  robe,  in  conseq  ence  of  Z  tT'  "  "^'T<^"o"s  to  see  many 
Nor  can  the  dye  be  washed  out.    A  cTulZn  w  th       ?f  ^^<^'^P^^nt  Ami 

the  colours  of  cloths  previously  dyed.Ts  t'us  made  t^  Z  f  "''^'^  "^"^^'^  ^°°f"«e 
a  single  dye-stuff,  pa/«.»,^  a.  ,^io&.''    T  ^a^^^^^^  Pig»>ents  from 

.inh-pla^  of  tl^  ar,  sin^^^T  ^^t.^^ ^^I^  -  Z 
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abundance  of  dye-stuffs,  and  the  facility  with  which  cotton  receives  dyes,  rendered  the 
staining  it  with  figures  a  natural  consequence,  aiM  there  is  good  reason  to  suppose 
that  the  Egyptians  learnt  the  art  from  India,  since  the  Indians  were  highly  civilised 
twenty-two  centuries  ago  ;  and  there  was  undoubtedly  communication  between  India 
and  Egypt  before  the  time  of  Pliny.  There  is  an  account  of  Indian  calico-printing  by 
Father  Coeurdoux,  a  missionary  at  Pondicherry,  and  in  a  manuscript  account  sent 
from  thence  by  M.  du  Fay,  and  communicated  to  the  Royal  Academy  of  Sciences  at 
Paris  by  the  Abbe  Mazeas,  also  from  the  report  by  M.  Beaulieu,  of  operations  per- 
formed under  his  inspection  at  Pondicherry. — Bancroft. 

These  accounts  describe  the  mode  of  producing  the  chintz  calicoes,  which  were 
celebrated  in  Europe  before  the  art  had  been  introduced  and  simplified  there.  From 
these  accounts  of  the  cumbrous  and  tedious  processes  adopted  by  the  natives,  we  have 
no  difficulty  in  understanding  the  necessity  that  arose  for  the  intervention  of  European 
skill  and  science,  and  can  readily  comprehend  how  it  is  that  the  European  printer, 
to  say  nothing  of  superior  artistic  excellence,  can  compete  successfully  in  India  with 
the  proverbially  low-priced  labour  of  Hindostan.  After  the  cloths  were  partially 
bleached,  they  underwent  several  alternate  steeps  in  goats'-dung,  beating,  washing,  and 
drying  in  the  sun  ;  they  were  then  soaked  in  an  astringent  solution  obtained  from 
myrabolams,  mixed  with  buffaloes'  milk ;  squeezed  out  of  this,  they  were  dried  in  the 
sun,  and,  by  pressure  with  wooden  rollers,  made  smooth  enough  to  have  a  pattern 
drawn  on  them  with  a  pencil,  applying  various  mordants  :  the  general  course  was  to 
paint  on  a  mordant  of  iron  liquor,  similar  in  constitution  to  that  at  present  used  in 
calico-printing.  This  formed  a  black  with  the  tannin  substance  previously  applied. 
The  next  step  was  to  give  the  blue,  and  for  this  purpose  the  cloth  required  to  be 
freed  from  the  astringent  by  maceration  in  goats'-dung,  well  washing  and  drying  in 
the  sun ;  the  parts  intended  to  be  white  were  then  protected  by  a  coat  of  melted  wax; 
the  cloth  was  then  dipped  in  an  indigo  vat:  when  dyed,  the  wax  had  to  be  thoroughly 
removed  by  boiling  in  water,  steeping  in  dung,  washing  with  a  sort  of  impure  soda, 
renewed  steeping  in  dung,  washing  and  drying  in  the  sun;  after  this  the  cloth  was 
treated,  as  before,  with  the  astringent  milk  mixture,  dried  and  smoothed.  It  was  then 
ready  to  receive  the  red  and  chocolate  mordants,  the  red  being  simply  alum  mixed 
with  a  little  soda  to  render  it  basic,  and  the  chocolate,  this  red  mixed  with  the  iron 
mordant ;  (the  use  of  acetate  of  alumina  not  being  known,  the  albumen  of  the  milk 
and  the  tannin  combined  with  and  fixed  the  alumina  on  the  cloth).  After  careful  sun- 
drying,  the  cloth  was  well  steeped  and  rinsed  in  water  to  remove  the  excess  of 
mordants,  &c.,  and  then  dyed  with  madder  or  chaya  root.  After  this  they  were  washed 
with  dung  and  soap,  exposed  to  the  sun,  and  watered  occasionally  till  the  white  parts 
were  bleached.  Yellow,  made  from  alum  and  myrabolams  was  now  pencilled  in,  and 
green  formed  by  the  yellow  going  over  the  blue.  This  process  gave  chintzes,  the 
colours  of  which  were  generally  very  bright  and  lively,  and  most  of  them  exceedingly 
durable.  M.  Koechlin  Roder,  of  Mulhausen,  brought  home  from  India  a  rich  col- 
lection of  cloths  in  every  state  of  preparation,  which  are  in  the  cabinet  of  the 
Societe  Industriille  of  that  interesting  emporium  of  calico-printing.  The  native 
implements  for  applying  the  wax  and  colouring  bases  are  placed  alongside  of 
the  cloths,  and  form  a  curious  picture  of  primeval  art.  There  is  among  other 
samples  an  ancient  pallampoor,  five  French  yards  long,  and  two  and  a  half  broad, 
said  to  be  the  labour  of  Hindoo  princesses,  which  must  have  taken  a  lifetime  to 

execute.  .  i.  , 

Calico-printing  was  not,  however,  in  all  oriental  countries  executed  with  the  pencil. 
The  shawl  printers  of  Cashmere  use  small  wooden  blocks  for  their  complicated 
patterns.  Mr.  Buckingham  states,  that  at  Orfah,  in  Mesopotamia,  the  printers  employ 
wooden  blocks  of  4  to  6  inches  square,  and  use  them  nearly  in  the  same  manner 
as  the  block  printers  in  this  country ;  and  it  is  well  known  that  the  Chinese  employed 
block -printing-long  before  any  species  of  printing  was  known  in  this  country.  _ 

Calico-printing  has  been  for  several  hundred  years  practised  by  the  oriental 
methods  in  Asia  Minor  and  the  Levant,  but  it  was  unknown  as  an  English  art  till 
about  the  close  of  the  seventeenth  century.  It  is -believed  that  the  first  attempts  at 
imitating  the  printed  calicoes  of  India  were  made  in  Holland,  the  Dutch  East  India 
Company  having  introduced  the  Indian  chintzes  there  before  their  introduction  into  this 
country  It  is  uncertain  where  or  when  these  first  attempts  were  made  ;  but  it 
appears  the  art  soon  spread  to  Germany,  for  about  the  close  of  the  seventeenth  century 
AuKsburg  had  obtained  a  notoriety  for  printed  linens  and  cottons.  The  art  was  most 
probably  introduced  into  England  about  167G,  by  Flemish  emigrants  Mr.  James 
Thompson,  of  Clitheroe,  one  of  the  most  emment  English  calico-printers,  fi^^d  'le 
date  at  1690,  and  supposed  that  a  Frenchman,  a  refugee,  at  the  time  of  the  revocation 
of  the  edict  of  Nantes,  was  the  first  to  print  calicoes  country,  and  t^^^iat  ms 

works  were  at  Richmond  on  the  Thames;  but  there  is  evidence  to  show  that  pnor  to 
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this  date,  calicoes  were  printed  in  this  country,  for  Sir  Joshua  Child,  a  distinguished 
director  of  the  East  India  Company,  in  a  pamphlet  published  in  IG77,  mentions  that 
calicoes  were  then  brought  over  from  India  to  be  printed  in  this  country,  in  imitation 
of  the  Indian  printed  chintzes.  It  appears,  from  a  petition  addressed  to  the  House  of 
Commons  by  the  East  India  Company  in  1627,  that  Indian  calicoes  were  at  that  time 
imported,  and  in  1631,  in  a  catalogue  of  legal  imports  from  India,  painted  calicoes 
are  mentioned  as  to  be  allowed.  In  1 634,  apparently,  attempts  were  made  to  ornament 
fabrics  with  coloured  patterns  by  mechanical  means,  for  in  that  year  Charles  II. 
granted  an  exclusive  patent  for  fourteen  years,  for  the  art  or  mystery  of  affixing 
wool,  silk,  and  other  materials  of  divers  colours  upon  linen,  silk,  or  cotton  cloth, 
leather,  and  other  substances,  by  means  of  oil,  size,  or  other  cements,  to  make  them 
useful  for  hangings,  &c.,  the  patentee  paying  10/.  yearly  to  the  Exchequer.  Calico-print- 
ing was  commenced  in  1689,  at  Neufchatel,  by  Jaques  Deluze,  a  native  of  Saintonge, 
and  this  establishment  rapidly  became  prosperous,  and  in  time  the  parent  of  numerous 
offshoots  in  Germany,  Portugal,  and  France. 

Some  time  after  the  Richmond  establishment,  a  considerable  printing  work  was 
established  at  Bromley  Hall,  in  Essex,  and  several  others  sprung  up  successively  in 
Surrey,  to  supply  the  London  shops  with  chintzes,  their  import  from  India  having  been 
prohibited  in  1700  by  parliament.  The  art  in  its  infancy  had  to  struggle  with  many 
difficulties  ;  an  excise  tax  on  all  printed  or  dyed  calicoes  of  3d.  per  square  yard  was 
enacted  in  1702,  and  which  was  increased  to  Gd.  per  square  yard  in  1714,  only  half 
these  duties  being  laid  on  printed  linens. 

The  silk  and  woollen  weavers  had  all  along  manifested  the  keenest  hostility  to  the 
use  of  printed  calicoes,  whether  brought  from  the  East  or  made  at  home.  In  the 
year  1680  they  mobbed  the  India  House  in  revenge  for  some  large  importations  then 
made  of  the  chintzes  of  Malabar.  They  next  induced  the  Government,  by  incessant 
clamours,  to  exclude  altogether  the  beautiful  robes  of  Calicut  from  the  British  market 
But  the  printed  goods  imported  by  the  English  and  Dutch  East  India  companies 
found  their  way  mto  this  country,  in  spite  of  the  excessive  penalties  annexed  to 
smuggling,  and  raised  a  new  alarm  among  the  manufacturing  population  of  Spital- 
fields.  The  sapient  legislators  of  that  day,  intimidated,  as  would  appear,  by  the  East 
London  niobs,  enacted  in  1720  an  absurd  sumptuai-y  law,  prohibiting  the  wearinn  of 
all  printed  calicoes  whatsoever,  either  of  foreign  or  domestic  origin.  This  disgraceful 
enactment,  worthy  of  the  meridian  of  Cairo  or  Algiers,  proved  not  only  a  death-blow 
to  rising  industry  m  this  mgenious  department  of  the  arts,  but  prevented  the  British 
ladies  from  attiring  themselves  in  the  becoming  drapery  of  Hindostan 

"  The  effect  of  this  law,"  says  Mr.  Edmund  Potter,  in  his  lecture  on  Calico 

^""'^'y  '"^  ^•eP"''^"-  0°  P™t^d  fabrics  in  the  Exhibition 

of  18ol  was  to  put  an  end  to  the  printing  of  calicoes  in  England,  and  to  confine 
the  prm  ers  to  the  prmting  of  Imens.  In  1736,  so  much  of  this  Act  was  repealed 
as  forbade  the  use  or  wear  of  printed  goods  of  a  mixed  kind,  containing  cotton  ;  and 
these  fj^trics  were  allowed  to  be  printed,  weighted  with  a  duty  of  6rf.  per  square 
yard.  In  1/50  the  entire  production  of  Great  Britain  was  estimated  at  50  000  nieces 
per  annum.  In  1764,  printers  established  themselves  in  Lancashire,  tempted  doubt! 
less,  by  the  cheapness  of  fuel,  and  by  this  being  the  locality  in  which  the  cloth  wa^ 
manufactured.  In  1774,  the  printer  was  released  from  his  fetters  with  regard  toThe 
kind  of  cloth  he  must  use,  by  the  repeal  of  this  law,  so  as  to  leave  him  thrchoice  of 
h.  material;  but  he  was  still  saddled  with  a  duty  of  3./.  per  square  yard,  to  which  i 
halfpenny  was  added  m  1 806.  On  the  accession  of  Lord  Grey's  govLment  o  office 
It  was  one  of  their  farst  acts  to  repeal  this  duty.  Thus,  after  a  neriodTf  nho^,t  i^n 
years  from  its  first  introduction,  the'print  trade  was  allow'erto  ent'er  1  coripetitbS 
with  other  kindred  fabrics  on  a  fair  footing."  competition 

France  pursued  for  some  time  a  similar  false  policy  with  reo-ovH  tn  ^^v,nn  *• 
biit  she  emerged  sooner  from  the  mists  of  man'ufac^uring  n^op  ly  ttn  Knf ' 
Her  avowed  motive  was  to  cherish  the  manufactm-f.  nf  fl.t  """"P"'y  ^^^^  i-ngland. 
of  that  of  cotton,  a  raw  material,  for  whTch  SdiL  ur4d  thnTn'''  "'f  T'  'T''^ 
ported.  Her  intelligent  statesmen  of  that 'day  reS^hat^^^  ^^f": 
m  the  purchase  of  cotton  was  the  product  of  French  indn^rv  lln  fT-  expended 
and  they  therefore  took  immedime  meLires  to  th,^^^^  eniph.yed, 

footing  of  equality.    Meanwhile  the  noiXr  n.l^nr     I  "P^-^  a 

degree",  by  tL  pr'oject  of  V^u^^^inri^l  V^^^^^  -ch  a 

cottons,  that  every  French 'town  possessed  ofa  "hSe    of  °^  P"°'^^ 

strongest  remonstrances  against  it.  The  RoLn  dennttlT,  i  "^^°™™erce  made  the 
"that  the  intended  measure  wo  Id  throw  its  tCitn^  ,     f'^  i°  «o^-ernraent, 
desert  of  the  surrounding  country-"  tW  of    von        i'"  .\^^^^^^^ 
terror  through  all  its  workshop  ?>' Tours  "  ^oret^v    T'  '  had  spread 

the  body  of  the  State  :"  Amienf  said,^'Zt  tS^ la^^ZS'^b':  tEf  yr^Jt 


494 


CALICO-PRINTING. 


manufacturing  industry  of  France  ;"  and  Paris  declared  that  "her  merchants  came 
forward  to  bathe  the  throne  with  their  tears  upon  tbat  inauspicious  occasion." 

The  Government  persisted  in  carrying  its  truly  enlightened  principles  into  eflFect, 
and  with  manifest  advantage  to  the  nation,  for  the  despair  of  these  manufacturing 
towns  has  been  replaced  by  the  most  signal  prosperity. 

France  probably  produces  at  the  present  time  nearly  5,000,000  pieces  of  print  per 
annum,  which,  considering  the  quality  of  many  of  them,  may  be  considered  a  very 
important  manufacture. 

The  great  disadvantage  under  -which  the  French  printers  labour  is  the  higher  price 
they  pa}-  for  cotton  fabrics  and  fuel  above  that  paid  by  the  English  printers. 

The  repeal,  in  1831,  of  the  consolidated  duty  of  3\d.  per  square  yard  upon  printed 
calicoes  in  Great  Britain  is  one  of  the  most  judicious  acts  of  modern  legislation.  By 
the  improvements  in  calico-printing,  due  to  the  modern  discoveries  and  inventions  in 
chemistry  and  mechanics,  the  trade  had  become  so  vast  as  to  yield  in  1830  a  revenue 
of  2,280,000Z.  levied  upon  8,596,000  of  pieces,  of  which,  however,  about  three-fourths 
were  exported,  with  a  drawback  of  1,579,000/.  2,281,512  pieces  were  consumed  in 
that  year  at  home.  When  the  expenses  of  collection  were  deducted,  only  350,000/. 
found  their  way  into  the  Exchequer,  for  which  pitiful  sum  thousands  of  frauds  and 
obstructions  were  committed  against  the  honest  manufacturer.  This  reduction  of 
duty  enables  the  consumer  to  get  this  extensive  article  of  clothing  from  50  to  80  per 
cent,  cheaper  than  before,  and  thus  places  a  becoming  dress  within  the  reach  of 
thousands  of  females  in  the  humbler  ranks  of  life.  Printed  goods,  which  in  1795 
were  sold  for  2s.  3d.  the  yard,  may  be  bought  at  present  for  Od.  The  repeal  of 
the  tax  has  been  no  less  beneficial  to  the  fair  dealers,  by  putting  an  end  to  the  con- 
traband trade,  formerly  pursued  to  an  extent  equally  injurious  to  them  and  the 
revenue.  It  has,  moreover,  emancipated  a  manufacture  eminently  dependent  upon 
taste,  science,  and  dexterity  from  the  venal  curiosity  of  petty  excisemen,  by  whom 
private  improvements,  of  great  value  to  the  inventor,  were  in  perpetual  jeopardy  of 
being  pirated  and  sold  to  any  sordid  rival.  The  manufacturer  has  now  become  a  free 
agent,  a  master  of  his  time,  his  workmen,  and  his  apparatus  ;  and  can  print  at  what- 
ever hour  he  may  receive  an  order ;  whereas  he  was  formerly  obliged  to  wait  the 
convenience  of  the  excise  officer,  whose  province  it  was  to  measure  and  stamp  the 
cloth  before  it  could  be  packed,  — an  operation  fraught  wiih  no  little  annoyance  and 
delay.  Under  the  patronage  of  Parliament,  it  was  easy  for  needy  adventurers  to  buy 
printed  calicoes,  because  they  could  raise  such  a  sum  by  drawbacks  upon  the  export 
of  one  lot  as  would  go  far  to  pay  for  another,  and  thus  carry  on  a  fraudulent  system 
of  credit,  which  sooner  or  later  merged  into  a  disastrous  bankruptcy.  Meanwhile 
the  goods  thus  obtained  were  pushed  off  to  some  foreign  markets,  for  which  they 
were,  possibly,  not  suited,  or  where  they  produced,  by  their  forced  sales,  a  deprecia- 
tion of  all  similar  merchandise,  ruinous  to  the  man  who  meant  to  pay  for  his  wares. 

Calico-printing  was  first  practised  in  Scotland  in  1738,  twenty-six  years  previous 
to  its  introduction  into  Lancashire.  The  following  sketch  of  the  early  Lancashire 
printing  is  taken  from  Mr.  Potter's  pamphlet :  —  "  The  trade  was  established  in 
Lancashire  in  1764,  by  Messrs.  Clayton,  of  Bamber  Bridge,  near  Preston  ;  the  cloth 
that  was  printed  being  made  with  linen  warp  and  cotton  weft,  and  produced  princi- 
pally at  Blackburn  ;  this  was  the  reason  of  many  printers  settling  near  Blackburn, 
which  was  for  a  long  time  the  great  seat  of  the  print  trade.  The  introduction 
of  power-loom  cloth  caused  the  migration  of  a  considerable  print  trade  to  Mocli- 
port,  Hyde,  Staleybridge,  and  North  Derbyshire.  The  Claytons  w-ere  followed 
by  Mr  Robert  Peel,  who  entered  into  the  cotton  business,  and  addea  to  it  tne 
printing  business.  He  carried  on  the  business  for  some  years  at  Brooks.de,  near 
Blackburn,  aided  by  his  sons.  The  eldest  son  afterwards  branched  off  trom  his 
father's  co;cern,  and^  established  himself  at  Bury  with  his  uncle,  Mr.  Haworth,  and 

^-mShVieriod  1796  to  1821,  the  Forts,  Hargreaves,  and  Thompsons  faidy 
established  themselves  as  extensive  and  wealthy  printers,  not  more  ^J^^^^^^^^ 
and  business  talent  than  by  their  scientific  attainments,  and  by  t^e  unbouuded  and 
lavish  support  which  they  gave  to  everything  which  art  and  s^'e^'^^J";!^ 
to  assist  them.    Mr.  James  Thompson,  of  Primrose  near  Clithcroe.  '^as  ^  ^^^^ 

the  recognised  head  of  the  print  trade.    The  era  of  his  ^."^^"^^^j'^ .  ^eienS 
was  the  beginning  of  a  series  of  discoveries  and  new  applications  in  f  ^^"f.^'^^f 
To  the  purp^oses  of  calico-printing.    During  forty  years  he  devoted  /j^^f 
ample  funds  his  business  placed  at  his  disposal  to  the  advancement  of  a^^^^^^^^^ 
nection  with  his  trade.  No  sums,  however  large,  were  spared  to  draw  "to     so'  Mce  me 
talent  even  of  royal  academicians,  and  of  many  other  «n"°ent  mmi  high  .w  t.^^^^^^^^^^^ 
John  Mercer,  of  the  house  of  Fort  Brothers,  and  a  ^^/'^^^P'^^^^.f  .^J^^'j.^c^^^^ 
but  now  retired  from  busine.ss,  for  a  long  period  rendered  valuable  assistance 
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trade  by  the  introduction  of  chemical  novelties  ;  and  many  styles  founded  by  him  are 
still  popular.  The  house  of  Hargreaves  Brothers  and  Co.,  during  the  same  period, 
took  a  prominent  position  in  the  production  of  new  and  original  colours  and  styles. 

In  France  M.  Koechlin  was  looked  up  to  as  the  leader  of  the  trade,  and  was  mainly 
instrumental  in  establishing  sound  scientific  principles  in  the  art.  "  During  the  pro- 
gressive improvement,  dating  from  1831.  one  house  may  be  named,  of  high  standing, 
who  introduced  a  colour  superior  in  brilliancy,  fastness,  and  utility  for  domestic  wear, 
to  any  other  previously  known.  This  was  the  madder  purple  of  Messrs.  Thomas 
Hoyle  and  Sons,  a  colour  which  may  be  said  to  have  superseded  the  old  Navy  blue  print 
in  English  wear.  Messrs.  Hoyle  and  Sons  maintained  their  well-deserved  superiority 
for  many  years.  The  London  printers,  up  to  the  repeal  of  the  duty,  still  held  their 
position  for  first-class  goods.  They  made  great  use  of  the  flat  press  printing  machine. 
Their  plates  were  well  engraved,  and  for  a  long  time  they  succeeded  in  getting  a 
smartness  of  impression,  better  than  any  at  that  time  obtained  from  the  cylinder 
Some  few  of  the  Lancashire  printers  adopted  the  press,  the  better  to  compete  with  the 
town  printer.  The  rapidly  increasing  trade  in  Lancashire,  and  with  it  the  power  of 
so  much  cheaper  production,  gradually  undermined  the  London  printers,  and  brout^ht 
about  a  complete  change  in  their  class  of  work."— The  London  printers  now  print 
line  shawls,  handkerchiefs,  waistcoatings,  and  a  superior  class  of  cotton  prints  for  fur- 
niture hangings.  The  present  annual  production  of  printed  cloth  of  all  kinds  in 
OrreatBritam  may  be  estimated  at  about  20,000,000  pieces.    In  1840  the  auantitv 

Kool^'of  l'f"?'°°°-.i,  1"^''^  now,  probably,  rather  exceeds 

20  000,000  of  pieces;  but,  from  the  absence  of  any  very  authentic  statistics,  the 
quantity  is  very  difiicult  to  arrive  at.    The  print  trade,  according  to  Mr  Bazley 
consumes  a  weight  of  cotton  about  one-seventh  the  entire  import  inTo  this  coimtry 
Owmg  to  her  natural  advantages,  England  has  by  far  the  largest  portion  of  the 

tTriri^r?  """^  '^'P'^'""^  ^^P*"-'  t'-^'^e  ■•        P>-obably  at  the  present 

time  England  produces  as  many  printed  pieces  as  all  the  rest  of  the  world  put  to- 
gether. The  United  States  produces  next  to  ourselves  in  quantity;  France  and 
Switzerland  the  next  to  America  in  guannt,j,  but  far  superior\o  her  in  ouaUty  and 
hZTi^^  ^  °  '°  r^'''       production.     France  is  the  only  compet  fo'r  wJ 

have  to  meet  m  the  neutral  markets  of  the  world.     The  Zollverein  Austr  -i 

failure  :  Egypt  alsf  has  revived  the  art,  wiTh  .'ei^  infS^^^^^^^^ 

doubtedly  practised  the  art  of  calico  printinff  manv  e^Pnf nril  w  Cliinese  un- 

Potter  was  able  to  exhibit  samples  of  Ch  nefe  woA  to        I    ■  ?  fY'^^"^'' 
described  as  of  very  primitive  taste  and  rude  executi*„°n     "  mTJ  °^  ^« 
uninteresting  to  men  ion  "  savs  Mr  Pottpr", .t.  ^"^^^"sen,  it  may  not  be 
in  the  world.    Calico-printfn/w;f  fi  s['  nl^v  Tflu^^  ^''^'^  Pointing 

Koechlin  and  Co.,  and  fs  s  ll^caTrTed  on  ^-^       firm  of 

during  the  whole  period  and  not  e  s  so  now^t'^h    '^'t  ""^'"'^^  = 

deserved  reputation  for  talent  and  taste  "nd^o  the^^^^^^  '  ^"^^  J"^'!^ 

most  deeply  indebted  for  many  valurbl^  prlessS  a^d  SLn  -^V'^"^  i« 

almost  equal  celebrity  followed  and  MulLmpn  >.  •  ''o^^ries  Other  houses  of 
of  being,  for  fine  goo/s,  the  first^T.t  J^itti  ^^^1^^^^  -P"*^'-- 

the^ctot^hfc^h-  dtrbf^^^^^^^^^  the  surface  of 

a  red  hot  semi-circular  plate     The  atter  me  hoH       .  I  !  ^  ^""^  °^  g^^'  °^er 
headof  B.KACHI.G;  the'former  is  peSeS^a  fJlo;' ^ -^V  rst/""''''  ""'^^^ 
of  the  gas-singeing  apparatus.    Its  diameter  is  s.TpV  ^  ^^""'"^"^  ^^^tion 

grea  est  width.  The  pipe  a  runs  along  from  end  to  ^nf  .  ""^T  P'^''^^  °f'  <l'e 
supphedwith  ordinary  gas  ;  the  uwe^^l  n^t  «nder  the  machine,  and  is 

oneachside.    Conne'ctfd  ^ith  th' Kanc,^^^^ 

with  fine  holes  at  distances  of  about  -th  of  an  inch  the  nif™""'  Perforated 
a  a.  Above  the  tubes  c  c  are  the  nines  n  Twh^p^.  ^  P  ^  ^  ^  '""^  furnished  with  tans 
ength  and  communicate  by  the  br'afch  prp;f;?;Th?b?r^°  ^  the  bottom  along  h'e 

velocity  Of  about  .  .et  per  ^^'^^l^Z:^:^^^^ 
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a  belt  and  pulley  ;  the  other  pair  is  moved  hy  belts  -which  embrace  the  under  roller 
of  each  pair,    h  h  are  brushes  in  pairs  which  remove  the  loose  down.    The  rubber 


3-15 


II  of  wood,  covered  with  fustian,  serves  to  extinguish  any  sparks  that  might  be  drawn 
on  with  the  cloth.  In  using  this  machine  the  two  rows  of  gas  are  lighted,  and  the 
size  of  flame  regulated  by  the  taps  till  it  burns  blue,  and  in  one  continuous  line  of  fire, 
the  drawing  rollers  are  then  made  to  revolve,  and  the  end  of  the  first  piece  being  laid 
between  the  left  rollers,  is  drawn  through  by  means  of  a  narrow  piece  of  list  fastened  to 
it ;  the  end  of  the  piece  once  through  the  right  rollers,  the  operation  proceeds  rapidly, 
the  pieces,  of  course,  being  stitched  end  to  end. 

This  gas-singeing  apparatus  has  the  effect  of  making  cloth  appear  thinner  than  it 
really  is,  in  consequence  of  the  flame  passing  through  the  fibres,  and  not  merely  on 
the  surface.  It  is,  therefore,  not  so  much  used  as  the  hot  plate.  In  France  and 
Germany  a  machine  called  the  tondeuse  is  used,  and  which  is  very  similar  to  the  shearing 
machine  used  in  the  manufacture  of  woollen  cloth.  ( See  Woollen  Manufactdee.  ) 
A  series  of  knives,  running  spirally  round  a  roller,  shave  off  the  down  by  the  roller 
revolving  on  its  axis  as  the  cloth  passes  underneath.  This  machine  makes  the  clotli 
smoother  and  more  free  from  flaws  or  lumps  than  either  of  the  other  machines,  but 

is  not  yet  used  in  England.  „       ,  .  x  ^-u  *  « 

The  bleaching  requisite  for  printing  cloths  is  of  much  superior  nature  to  that  suth- 
cient  for  calico  intended  to  be  sold  in  the  white  state.  It  is  sufticient  for  the  latter  to 
be  white  enough  to  please  the  eye,  a  result  easily  obtained  by  chlorine  tyeatment  alter 
a  comparatively  mild  alkaline  boiling;  but  the  former  must  be  so  well  boiled  with 
lime  and  alkali,  as  to  remove  every  particle  of  resinous  and  glutinous  matter  previous 
to  the  chlorine  steep.  This,  if  not  attended  to,  becomes  a  source  of  great  annoyance  o 
the  printer  in  his  subsequent  operations,  from  the  difficulty  of  obtammg  sufficiently 
oood  whites  without  injuring  the  colours.  The  high  pressure  kiers  patented  by 
larlow,  and  which  are  filly  described  in  the  article  Bleaching,  l^^ve  been  found  o 
facilitlte  the  thorough  scouring  of  the  cloth  very  much  at  a  less  cost  than  the  old 

^'tUI  about  the  year  1760,  the  printing  of  linens  or  calicoes  was  by  hand^ 
wooden  blocks  being  employed,  on  which  the  pattern  is  raised  in  iv  lef    About  h.s 

lie  prfncTpal  mode^still^      in  178.5  the  cylinder  P^t-S 

honour  of  the  invention  is  due  to  Great  Britain.    The  mtroduction  o  j 
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machine  gradually  caused  the  disuse  of  the  flat  press,  the  London  printers  continuing 
to  use  them  long  after  the  Lancashire  printers  had  given  them  up  ;  the  first  cylinder 
niachine  was  used  in  London  in  1812.    Blocks  are  still  freely  used  for  some  descrip- 
tion of  prints,  such  as  woollen  or  mousseline  de  laine  goods,  and  also  for  introducing 
colours  after  printing  by  the  cylinder  and  dyeing  &c.  — the  cylinder  not  being  capable 
of  fitting  in  colours,  after  the  piece  has  once  left  the  machine.    A  blocking-machine, 
called  the  Perrotine  was  introduced  in  France  in  1834  by  M.  Perrot,  and  is  siill  ex- 
tensively used  there,  but  though  tried  in  this  country,  it  never  came  into  general  use. 
It  executes  as  much  work  as  twenty  hand  printers,  and  for  the  special  purposes  for  which 
It  was  mvented  is  a  satisfactory  machine  ;  the  patterns  capable  of  being  printed  by  it 
are,  however,  limited  in  size,  in  consequence  of  the  narrow  width  of  the  blocks  Surface 
pnnting,  or  printing  from  cylinders  engraved  in  relief,  was  an  invention  preceding  by 
a  few  years  the  engraved  copper  cylinder,  but  apparently  not  in  general  use.    In  1800 
a  Frenchman,  named  Ebingar,  patented  somewhat  the  same  sort  of  thing,  and  in  ISOs' 
James  Bunon,  of  the  house  of  Peel,  at  Church,  invented  the  mule  ntlchine,  which 
worked  with  one  or  two  engraved  copper  cylinders,  and  one  or  two  wooden  rollers 
engraved  in  relief    This  machine  is  very  little  used  now,  the  impression  produced  by 
it  not  having  the  precision  of  that  from  copper  rollers,  and  improvements  in  eD<.ravini 
copper  roUers  haying  given  the  printer  many  of  the  advantages  possessed  by  the  sur- 
face roller     Quite  lately,  however,  Mr.  James  Chadwick  has  patented  a  species  of 
surface  roller  which  promises  to  become  useful.    The  ordinary  stereotyped  pa  terns 
fhTtf,^'''f''  are  adapted  by  screws  to  a  brass  or  other  metal  roller,  whkh  is 
hen  fitted  on  the  mandrel  used  with  the  ordinary  engraved  rollers,  and  a  firnmess  and 
solidity  thus  given  which  was  never  possessed  by  the  wooden  surface  roUe. 

Printing  by  block  is  thus  performed  :  _  The  hand  blocks  are  made  of  sycamore  or 
7  ^°°f'.0'-  of  leal  faced  with  these  woods,  and  are  from  2  to  3 Tnches 
thick,  9  or  10  inches  long,  and  5  broad,  with  a  strong  box  handle  on  the  b-ick 

tZTv^  '^'"^  '""^  ^^^'•^^l     i-elief  into  the  desired 

design,  like  an  ordinary  wood-cut,  or  the  fio-ure  is  formprl       tl,o  ;„o„,.^-  '■'^'^ 

into  the  wood  of  narro^  slips  of  fl'attened  cop^^V^iJr^hLVti;' fi.^rbS^^^ 

level  on  the  one  edge,  are  cut  or  bent  into  the  proper  shape,  and  forced  into  Z  won  J 

by  the  taps  of  a  hammer  at  the  traced  lines  of  the  confieuration     Th  J. 

surfaces  ai-e  now  filed  flat  and  polished  into  one  horizontaT™for  tfie  sa^ 

equally  broad  as  at  first  ;  an  advantage  which  does  lo?hfuJT  •''^  ''^^r^^^ 

nterstices  between  the  ridges  thus  for^med  are  fiUel  up  Ith  fdt  sl°ff  'C^t' 
c':;prsl^;r  -^^^^  '^''^  -o^^-e-tte.'^and^L't^ b^^h^rsSof 

hy?^s:^rtxns^t=j^^^ts^^  . 
bToytcrVh^rv:;^^^^^^^^^^^^^ 

printer  pLses  the  face  If  ZZo^Zn  ZtnttjlZ  t  tElt "^^^  "^'^^ 
quantity  of  colour,  appUes  it  to  the  surface  of  thp^.i';..  !  ^  f  P  requisite 
covered  with  a  blankef,  and  then  tdkes  the  back  oVthe  W  "^^".^ 
in  order  to  transfer  the  impression  fully  to  the  oloA  tS  s  k  ^  V?^^"" 
requiring  equal  dexterity  and  diligence  To  nrinr-i  operation, 
and  30  inches  broad,  no  less  thanl7r;ppLatTons  of  a  block  0  ^''"S 
inches  broad,  are  requisite  for  each  colour -8^  hat  if  fb.!  '  o  ^""^  ^ 
than  2016  applications  will  be  necessarv     Tht  bwi    i      ^-  ''^^  °°  '^ss 

corners,  by  means  of  which  they  aTadiustrd  L^b^^  pm-pomts  fixed  into  their 

join  the  different  parts  of  the  dlsfgn  Sh  precision  P°/'*'°'^^."P°\the  cloth,  so  as  to 
placed  within  reach  of  his  right  hand    and  f^P^^^^^^^  ^  colour-tub 

separate  sieve.    Many  nianutStSrers 'cause  their  b  o'^ 

wood,  two  of  them  being  deal,  with  the  erahi  crn««^  ?  ^^^^  "^^^''^^  '^^yers  of 

sycamore,  for  engravin|.  ^  '°  P'"«^e°'  warping,  and  the  thirds 

The  printing  shop  is  an  oblong  apartment  li-rV,tP,q  wifi, 
side,  and  having  a  solid  table  oppo'Iite  to  ea  h  itdow  °^"'^'7?,,^>°dows  at  each 
formed  of  a  strong  smooth  flag,  with  a  surface  truIv  DH^;    n  i  ^".^  ^  ^-^ff' 
us  breadth  2  feet,  and  its  thickness  3,  4!or  5  fnches    hL.l    ^'""^'^  «  feet, 

top  about  36  inches  above  the  floor.    At  one  of  its  en5.  /b       °°  f'^^*' 
^.ppo, ting  the  axles  of  the  roller  e,  which  carries  ^^e  ti  l  "''v'''"  ^  fo'" 

The  table  IS  covered  with  blanket  slretched  S/acL^L  P'''"*^^' 
The  hanging  rollers  E  are  laid  across  joists  fixXL  tW^^^^  '"^  *he  side, 

the  printing  shop,  the  ceiling  and  floo.^  het..n1,r^^^^^^^^ 


498 


CALICO-PRINTING. 


the  middle  of  the  room.  Their  use  is  to  facilitate  the  exposure,  and,  consequently,  the 
drying  of  the  printed  pieces,  and  to  prevent  one  <gure  being  daubed  by  another. 


346 
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6 
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.... 


Should  they  come  to  be  all  filled,  the  remainder  of  the  goods  must  be  folded  lightly 

upon  the  stool  d.  ,  .     , ,  ,  •  ^  i 

The  printer  stretches  a  length  of  the  piece  upon  his  table  a  b,  taking  care  to  place 
the  selvage  towards  himself,  and  one  inch  from  the  edge.  He  presents  the  block 
towards  the  end,  to  determine  the  width  of  its  impression,  and  marks  this  Ime  a  b  by 
means  of  his  square  and  tracing  point.  The  spreader  or  teerer  now  besmears  the  cloth 
with  the  colour,  at  the  commencement,  upon  both  sides  of  the  sieve  head  ;  because,  it 
not  uniformly  applied,  the  block  will  take  it  up  unequally.  The  pnnter  seizes  the 
block  in  his  right  hand,  and  daubs  it  twice  in  different  directions  upon  the  sieve 
cloth  then  he  transfers  it  to  the  calico  in  the  line  A  b,  as  mdicated  by  the  four  points 
a  i  c  i  cor  ^sponding  to  the  four  pins  in  the  corners  of  the  block.  Having  done  so, 
he  takes  another  dau^of  the  colour,  and  makes  the  points  a  h  fall  on  c  d,  so  as  to  have 
at  the  second  stamp  a'  U,  covering  a  b  and  c' d' ;  and  so  on,  through  the  rest,  as  denoted 
by  the  accented  leUers.  When  one  table  length  is  finished,  he  draws  the  cloth  along, 
Ko  as  to  brinff  a  new  length  in  its  place.  ,       .  , 

The  gSding  in,  on  re-entering  ^rentragc),  of  the  other  colours  is  the  next  process^ 
The  blocks  used  for  this  purpose  are  furnished  with  pm-pomts  so  adjusted  that,  when 
they  are  made  to  coincide  with  the  pin-points  of  the  former  block,  the  desigu  will  be 
correc  Tat  is  to  say,  the  new  colour  will  be  applied  in  its  due  place  upon  the  flower 
orothei'  Sure  The  points  should  not  be  allowed  to  touch  the  white  cloih,  but  should 
be  made  to  fall  upon  the  stem  of  a  leaf,  or  some  other  dark  spot. 

Every  colour  is  printed  separately,  the  printer  goingall  through  he  P^^ce  with  one 
block    the  rest  of  the  colours  are  ne.xt  separately  fitted  into  their  places  by  the  appro- 
•     'hi^^vf  and  the  niece  is  then  ready  for  the  subsequent  operations  for  raismg  the 
P'r  ..  Sicf  intended  forpSntingb/block  is  always  smoothed  by  the  calender  (see 
f^^^L^^^l'eS^^^  «t'ff'     ^«  to  facilitate  ^e  printer  joining 

.  J-^  .  wLu  imm  essions  When  pieces  that  have  been  printed  by  machine  are 
the  difff  e'^t  ™PVo  Zs\ns™  by  block,  as  for  instance,  the  grounding-in  of 
required  to  have  other  '^^^^^  in  madder  colours,  the  same  sort 

whiuharemtendetlto  be  diockgu.  e  .  »  merely  small  th m  p  ecesofwood, 
dyeins.  f?'""' ?  "Irir^l^L  Solssary  P^^^^^^^  of  .he  patterns,  st.ch  a. 
„l,ieV,  were  dipped  m      «<;S"'^?J       "S^^^^       soon  gave  wSy  toblocksi  but 

•''«tryo":sSnV£U^^^^^^^^^ 
s^r?ypt=SdtoTti':;=^ 
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on  a  plain  block,  and  securely  nailed  down.  It  is  obvious  that  the  matrix  once  made, 
an  infinite  number  of  castings  can  be  easily  produced ;  the  skilled  labour  is  therefore 
reduced  to  a  small  portion  of  what  was  formerly  requisite.  The  ordinary  way  of 
making  the  mould  is  to  draw  or  trace  on  a  small  block  of  pear  tree  (sawn  across  the 
grain,  so  thatthe  pattern  is  put  on  the  end  of  the  grain),  the  pattern  to  be  typed.  Slips 
of  copper  of  varying  thickness,  but  uniform  width,  are  then  driven  down  to  a  certiiin 
distance  in  the  wood,  just  as  in  the  ordinary  way  of  coppering  blocks.  When  the 
pattern  is  thus  completed,  the  slips  are  pulled  out,  of  course  leaving  the  pattern  in- 
dented in  the  wood  ;  the  block  is  now  rubbed  with  chalk,  and  a  border  about  -^th  of  an 
inch  deep  of  card  nailed  round  the  block.  Melted  type-metal  is  now  run  in  level  with 
the  top  of  the  card,  and  when  cold,  a  tap  with  a  hammer  on  the  under  side  of  the  block 
easily  detaches  the  type,  which  requires  very  little  trimming  to  be  ready  for  putting 
on  the  block  ;  when  a  number  of  these  are  arranged  on  a  block,  the  surface  is  filed  and 
ground  on  a  stone  till  perfectly  level.  The  introduction  of  Burch's  patent  typing 
machme,  still  further  sunpLfied  the  stereotyping  process.  In  this  beautiful  invention 
the  matrix  IS  formed  by  steel  punches  of  varying  shapes,  which  are  moved  up  and 
down  by  a  stirrup  and  lever,  and  which  are  kept  heated,  by  a  gas  flame  ingeniously 
applied,  to  the  temperature  sufficient  to  char  wood,  and  by  moving  the  blotk  about 
under  these  punches  and  depressing  them,  the  pattern  is  burnt  into  the  wood  to  a 
uniform  depth,  and  the  labour  of  cutting  and  bending  slips  of  copper,  &c  done 
away  with.  "     *  rr    >  > 

There  are  some  interesting  modifications  of  block-printing  apparatus  which  maybe 
here  described.  In  1 834  Mr.  Hudson,  of  Gale  Print  Works,  near  Rochdale,  patented 
a  mechanical  teerer  which  was  to  dispense  with  the  labour  of  children  The  contri- 
vance consists  m  a  travelling  endless  web,  moved  by  power,  which,  by  passing  pro- 
gressively from  the  colour  vat  over  the  diaphragm,  brings  forward  continuously  an 
equable  supply  of  the  coloured  paste  for  the  workman's  block. 

Fig.  347  represents  the 
construction  of  this  inge- 
nious apparatus,  shown 
partly  in  section,  a  a  is 
a  vessel  of  iron,  supported 
upon  wooden  standards, 
b  b,  over  the  upper  sur- 
face of  which  vessel  a  sheet 
or  diaphragm,  c  c,  of  oiled 
cloth,  or  other  suitable 
elastic  material,  is  dis- 
tended, and  made  fast  at 
its  edges  by  being  bent 
over  a  flange,  and  packed 

such  upward  pressure  as  sLlf^  ^r^g^t^^  lik^^^^^^^^^^ 

thrie\d.t!7frthVi^^^^^^^^  zLS'v^'rs:}:  ''^^'^^'^'^.^ 

colour-troughV   On  the  axle  ofTheti^  Va  pX  the  ^fLT^^h^^^^^  ^^ 

roUer  to  be  turned  by  a  band  from  any  first  mover   or  thp  rnli..     '  ^ 

motion  by  a  winch  fixed  on  its  -ixIp     Or,  f hT.  \    ,  """y  receive  rotatory 

taking  info  d  ^no.^^.r^lZT^^^^^onl^l,^^^^^^  ^Zl  T^'i 

the  colour-roller  i  in  the  one  direction  will  nnnf  tV,  ^'^^f"^'^'  /-  l^ence,  the  rotation  of 

and  to  carryforward  the  endless^Tb^Ie'reVthreS^^^^^^  revolvein  the  opposite. 

with  it  a  stratum  of  colour  received  ftom  die  rol  W  ^'aphragm,  the  web  taking 

face  and  ready  for  the  printer  to  4  hi^Wocktto  '  '''"'^  distributed  over  its  sur- 

moumedtlli;ing\"S;^hataV^^^^^^^^  the  axle  of  A  is 

of  tightening  the  fndles  web    The  axTe  of  the^ln"^      '•^'"'^'^  P^'P^se 
may  be  raised  by  screws  „,  b  order  to  W  ^^^^^^^^ 

endless  web.  To  prevent  too  great  a  quan?itv  '/'f  '"/^.'^  ""^^  '^o^tact  with  the 
web  passes  throug'h  a  long  sll  or  paraM  Ipl ."^^^^^^^^^  ^P- the  endless 

scraper  or  doctor,  and  is  adjustable  bVa  screw  «  t^^^^^  ,  !  ^"T^  °'  ^'^'^'^  as  a 
carried  up.    The  contents  ofHhe  veLef  a  anTof  t^^.  L?^^^^^^^        quantity  of  colour 
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blocks  is  saved,  and,  what  is  of  more  cousequence,  tlie  cost  of  labour  is  very  much 
reduced,  as  one  printer  produces  the  same  result  as  tke  combined  efforts  of  several. 
Whenever  designs  are  composed  of  coloured  parts,  where  each  colour  lies  separate, 

and  -where  the  outlines  of  the  coloured  parts  are  not  too 
close  together,  a  sieve  of  the  following  construction  is 
made  use  of  {fig.  348).  A  block  of  wood  is  scooped  out 
in  hoJlow  compartments  e,  which  vary  in  size  and  num- 
ber according  to  the  number  and  extent  of  the  shades  to 
be  printed;  these  compartments  communicate  by  tubes  B 
at  the  bottom,  with  reservoirs  a,  at  the  sides  of  the  sieve ; 
over  the  compartments  is  then  stretched  tightly  a  woollen 
sieve  ;  the  surface  of  this  cloth  is  cemented  Avith  melted 
resin  string  about  Jth  of  an  inch  thick,  following  the  confi- 
gurations of  the  compartments  ;  the  use  of  this  is  to  pre- 
vent the  colours  mixing  and  becoming  blended  at  the  edges. 
Colours  are  now  put  in  the  reservoirs,  which  are  kept 
filled  up  above  the  height  of  the  cloth,  so  that  a  gentle 
pressure  is  exerted  against  the  under  side  of  the  sieve. 
The  colours  are  made  of  such  a  thickness  as  to  pass 
through  the  cloth,  and  keep  the  upper  surface  moist,  but 
still  not  too  thin,  or  they  would  spread  when  printed. 
The  sieve  being  thus  prepared,  the  block  is  furnished 
with  guides,  which,  working  against  the  sides  of  the  sieve 
frame,  constrain  the  block  to  be  always  dipped  in  one 
place,  and  thus  each  part  of  the  pattern  finds  itself  fur- 
nished with  its  proper  colour.  Sometimes  the  compart- 
ments for  the  colours  are  made  of  metal  when  required 
to  be  durable,  so  as  to  serve  for  a  large  number  of  pieces 
of  the  same  pattern. 

Where  colours  are  required  to  melt  into  one  another, 
technically  called  rainbowed  (J'ondus,  Fr.),  the  fol- 
lowing apparatus  is  used,  a  a  {fig.  349)  is  a  rect- 
angular frame  of  wood,  about  6  inches  deep,  2  feet  long, 
and  about  1  foot  broad.  On  this  frame  is  stretched, 
by  means  of  small  hooks,  a  woollen  cloth,  and  the  frame  then  laid  on  the  elastic 
surface  of  the  usual  swimming  tub,  the  cloth  downwards  and  pasted  or  gummed  to  the 
j)ilskin  cover  of  the  tub.    At  one  end  is  now  put  the  colour  reservoir  b  b,  which 

349 


consists  of  a  wooden  or  metal  box,  divided  into  ^^^^T^f f  f„to  o„e 
tudinally  by  strips  of  thin  metal ;  this  box  is  of  such  a  ^'^th         f  t  as.lj  into  o 
end  of  the  frame,  and  resting  on  a  board  of  the  same  size,  fixed  across  the  iramc  , 
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depth  of  the  box  may  be  about  4  inches,  and  the  width  abdut  8  inches ;  but  this  is 
regulated  by  the  number  of  colours  to  be  blended  or  rainhowed.  A  semi-circular  piece 
of  wood,  of  nearly  the  same  width  as  the  frame,  is  covered  with  printer's  blanket, 
and  a  handle  formed  on  the  top,  so  that  the  teerer  can  move  it  backwards  and 
forwards.  The  colour  lifter,  c  c,  is  aflat  piece  of  wood  just  covering  the  colour  box ;  on 
the  under  side  of  this  are  inserted  wooden  pegs,  as  d,  at  certain  places  determined  by 
the  width  of  the  stripe  of  rainbowed  colour  and  the  number  of  shades  composing  it. 
These  pegs  are  of  turned  wood,  about  |th  of  an  inch  thick  at  the  small  end,  and  about 
jtbs  of  an  inch  at  the  thick  end,  this  end  being  also  recessed  so  as  to  lift  more  colour; 
they  are  nearly  as  long  as  the  colour  box  is  deep.  In  the  figure,  suppose  it  is  desired 
to  produce  on  the  sieve  two  stripes,  say  b  of  dark-green  in  centre,  and  two  shades  of 
^reen  ateach  side,  and  r  of  chocolate  in  centre,  purple  next,  and  drab  next,  at  each 
n  L  9  ^"'""-"-^"^  thus:-in  No.  1  compartment  is  put  the  darkest  green; 

No  .  ^  medium  green  ;  in  No.  3,  the  palest  green  ;  in  No.  4,  the  chocolate  ;  i. 
ISO  5,  the  purp  e  ;  and  in  No.  6,  the  drab.  The  colour  lifter  is  so  studded  with  pegs 
L  ™  I  /"  ^ol°ur-box  the  pegs  1,  2,  3,  4,  5,  and  6  respectively  dip^Lto 
heir  appropriate  colours  The  brush,  or  semicircular  roller,  g,  is  then  moved  up  to 
the  top  as  shown  m  the  dotted  hues,  the  colour  lifter  being  then  lifted  up  out  of  the 
colour-box  IS  held  a  moment  till  the  colour  has  ceased  dropping  from  the  pe<^s  and 

rhi.  t  fl       P'^S'  """"^'^  *°  '^^P^^i'  sieve,  as  shown  by 

the  black  spots  1,  2,  3,  4,  5,  and  6.    The  lifter  is  then  returned  to  the  box  and  a 

^^!  J7'T  1  '^'i'  """^  -  different  part  of  th;  sfeve 
Mcl  wardfnn°  r  "^''^S  f  ^I'^^'^'y      in  straight  lines;  the  brush  o  is  then  moved 

or  h  Y                                   ^--e  sufficiently  rubbed  together 

mnJ  hp      H    '  2f<=.essary  to  observe,  that  the  thickness  of  the  colours 

this  n.P.nI  ^  '-"^d  sufficiently  thin  to  allow  them  to  mix  at  the  edges  By 
T^lf  Z  ,           ""j; "'^'^^  *°  "^"^^  insensibly  into  another,  and  a  beautiful  shaded 

bSd%°p"nir  consequently  on  the  piece',  when  priced  ffom1 

anJ?t^:r:irasVuerw:;r  il-;  :^.rilo"S;?t'7  by  mechamcal  power; 

them  may,  in  su^ession  he  ^0^^,  f ^^'^^  *°  '^''^  '°  *at  each  of 

prism  of  ^iron  crerlTwith  cloth  ^nd  fift?d^'^^^^^^  '''''  '""^  '^^"^  °^  ^  '^"^'^ 
blocks.    The  calico  passes  betw^r  th«  1.  fju  ""P""      ^^'^  ^^^ween  the  said 

successive  impressiLrfrom  tw  ^'^'^P^'™  the  engraved  blocks,  and  receives 
cylinder.    ^^^^^00^  Ire"  eased  a^a  nst  the' c.r'^'f. Y  ^  -^"din| 

-hich  imitate  the  elastic  p^essu  e  Ke  work^  "nVSr/  F  \"if  7  °'  ^P""^^' 
coat  of  coloured  paste  from  a  x^^r.^Lr^l.Zf  ^'^'^^  ^^°<=k  receives  a 

mechanical  brush.'  oL  ma^.w^roie  or  tJ^^^^^^^  -ery  contact  with  a 

giving  surfaces,  can  turn  oS  kholt  ITZcTe^S^JZ'.^^^^^^ 
is  the  work  of  fully  20  men  and  20  chUdren  ^  h  n.V  ^l'^"  ^^^i^b 

some  styles  of  work  to  which  t^e  cySder  ma^^^^^  ^'  ^'^''^"'^^ 

inadequate.  i-^yunaer  macUme,  without  the  surface  roUer,  is 

p  The  annexed  cuts  are  taken  from  the  "  Traite  de  I'Impression  des  Tissus,"  of  M. 

ftsSJon  frri''^^v'"'^°°'  an  elevation. 

the  banket  thrba^^^^^^^^^    and' th^  nt'T.^''"'  -^ch  circulate 

theblockhddersa™^^^^^^^^^ 

against  the  woollen  surface  from  whin^  h^  engraved  blocks,  2,to  move  alternately 
printed,  by  the  action  of  ?he  armsl  aS  JtL"''''^'  the  colours  and  the  stuff  to  be 
A,  and  which  act,  through  thrmedium  of  Vnnn  ?^'''''  ^^'^^K  6,  rest  on  the  frame 
the  slides  c.    The  lowef  of  tLTe  S  °LT.  "'^  7-  keyed  to 

weight  a  retrograde  movem  S  t'^egutteS  bv^'cou^rf''  '''''' 
colour-sieves,  keyed  to  connectin/rofl.  ^^e^.^t^jeight.     bee  are  movable 

machinethe  kin^  of  mov^ent  reauire"^  iT  V^''^'  *° 

and  covered  with  cloth  on  the  snrfmp  ?  ^    ,  ^^"^^^  ^"^^es,  wh  ch  are  flat 

sides  of  the  tables,  and  receive  from  tET"  grooves  on  the 

afterwards  transmii  to  the  blockf  p  J  ^  5"  th  colours  which  they 
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sieves  e,  on  which  it  is  spread  by  the  fixed  brushes,  9.  As  it  is  important  to  be  able 
to  vary  at  pleasure  the  quantity  of  colour  supplied  t»  the  sieves,  and  consequently  to 
the  blocks,  the  rollers,  10,  are  in  connection  with  levers,  11,  which,  by  means  of 

350 


adjusting  screws,  bring  them  into  more  or  less  intimate  contact  with  the  rollers  8, 
and  consequently  vary  the  charge  of  colour  at  pleasure. 

The  blanket,  backcloth,  and  fabric  are  circulated  as  follows  :— At  the  four  angles 
formed  by  the  three  tables,  b,  are  rollers,  1,  armed  on  their  surface  with  needle  points, 
which  prevent  the  cloths  from  slipping  as  they  pass  round,  and  thus  secure  the  regular 
movement  of  the  stuff  to  be  printed,  a  movement  determined  by  the  toothed  wheels 
21  (fig.  351)  fixed  at  the  extremities  of  the  axes  of  these  rollers,    g  is  a  roller  for 
stretching  the  endless  web,  resting  with  the  two  ends  of  its  axes  on  two  cushions 
forming  the  extremities  of  the  screws  12,  by  which  the  roUer  can  be  pushed  further 
out  when  required,  to  give  the  cloth  the  necessary  tension,    h  is  another  tension 
roller,  supporting  the  blanket  and  backcloth.    k  is  a  roUer  which  serves  similar 
purposes  for  the  blanket,  the  backcloth,  and  the  fabric  in  course  of  being  printed. 
T  the  blanket,  which  in  its  course  embraces  the  semicircumference  of  the  roller  g, 
passes  over  the  roller  h,  and  behind  k,  to  circulate  round  the  cylinders  1.  and  over 
the  surfaces  of  the  tables  B.    L  is  a  cylinder  from  which  the  backcloth  is  unwound, 
being  first  stretched  by  the  roUer  h,  and  then  smoothed  by  the  scrimpmg  bars  13, 
from  which  it  proceeds  to  join  the  blanket  on  arriving  at  the  roller  k.    M  a  roller 
from  which  the  fabric  to  be  printed  is  unrolled  by  the  movement  of  the  machine^  first 
pasTing  over  the  scrimping  bars  14,  and  joining  at  K  the  blanket  and  backcloth  which 
Ft  accompanies  in  their  course  till  it  arrives  at  the  roller  g,  when     separates  and 
passes  off  in  the  direction  of  the  line  n,  to  the  hanging  rollers,  where  it  is  dried 
^  The  machine  is  put  in  movement,  either  by  a  ni an  with  a -■nck-hai.d  e^^^^^ 
power  communicated  by  a  strap  which  passes  over  the  P"l'^>' T  «  PuUej  has 
several  diameters,  so  as  to  give  several  speeds;  it  is  loose  on  the  duving  shaft  and 
carries  catches  which  lock  into  those  of  a  sliding  catch-box  on  the  shaft,  "le 
Sne  is  to  be  put  in  movement.    The  movement  of  the  machine  intermittent 

the  extremities  of  the  axis  of  the  cylinders  ^'/"f  '"^ 

teeth,  ■•eceive  their  movement  from  a  central  wheel  toothed  ^^J^^  ^^^^  from  a  n>ck, 
placed  behind  the  wheel  20.    This  last  receives  an  alternating  motion  from 
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24,  fixed  in  a  copper  piece,  25,  and  which  rises  and  falls  alternately,  being  keyed  at 
its  lower  end  to  one  of  the  spokes  of  the  wheel  28.  By  varying  the  position  of  the 
point  at  which  the  end  of  the  rack  is  connected  with  the  spoke  26,  the  length  or 

351 


range  of  its  movement  is  proportionally  changed,  and  more  or  less  of  the  teeth  of 
the  wheel  20  are  made  to  pass,  which  renders  proportionally,  greater  or  less  the 
advance  of  the  cloth  at  each  movement;  and  this  is  further  regulated  bv  a  ratchet 
wheel  placed  at  D.  At  each  half  turn  of  this  last,  the  lever  22  raises  the  catch  or 
pallet,  and  throws  out  of  gear  the  wheels  21  during  the  other  half  turn;  but  as  in  the 
workmg  of  these  wheels  there  would  be  inevitably  a  backward  movement,  this  is 
prevented  by  a  break,  consisting  of  a  pulley,  mounted  on  the  shaft  of  the  axis  of  the 

Twf  •  ^  ^T^l'''^  ^-^'^^  ''^'^'^  "'^''"g  ^  t*^™  ^"d  a  half,  or  two  turns,  on  this 

shaft,  IS  stretched  by  the  weight  23,  which  offers  a  sufficient  resistance  to  an;  recoil 
The  slides  or  block-holders  are  put  in  motion  by  the  wheels  27  and  28,  gearing  with 
larger  wheel  29.  And  to  vary  their  action  at  pleasure,  both  fo;  causin|  t^l  e 
blocks  o  bear  more  or  less  strongly  on  the  sieves,  so  as  to  be  more  or  less  charged 
with  colour  and  likewise  for  attaining  the  exact  pressure,  which  suits  best  for  f  he 
colour  to  be  laid  on,  it  is  sufficient  to  move  the  points  of  junction,  6  and  17  to  a 
greater  or  less  distance  from  the  point  marked  isf  which  constitutes  the  cen  ;e  „f 
Zu  fT!'^  the  beams  that  work  the  slides.  The  movement  of  the  sieves  is  con- 
trolled by  that  of  the  cam  11.  30,  which  works  them  all  three  by  putting  in  motion  a 
shaft  with  which  they  are  respectively  keyed.  The  furnishing^ rollers  receh  e  their 
movement  from  gearing  with  pbions  on  the  axes  of  the  rollefs  8  8.  The  general 
working  of  this  complex  machine  remains  to  be  described     m^r,^,,*  ;r^f„  ^ 

cloth  IS  advancing  as  above  statpd  tliP  cm^oe  t„i,„  *i:     T        ,  .  ,  "^"ile  the 

section,^?,.  350,  Lt  is  to  Lj^^the'fi^^  ^t^e  right M'rfse's  tS  '''^  T^^^^  '° 
left  to  right,  the  third  descends  and  in  ihir^I  .    land  uses,  the  second  moves  from 

furnishing  r'ollers  8,  from Tht^ ^hey U  ."^^^^^^^^^^^^  ^''^'^'^  °°  '""^ 

form  y  by  the  brushes  0     SrH   T„  \-       ^0'°",  which  has  been  spread  uni- 

ward  movement  push  the  blocks  aSinTt''?h  '?''  '^V^'^t'^      blockholdersf  by  a  for- 
the  blocks  atthe  sametle  recc  ve  W  m'^"'^,'  '^'"^  ^'^"^ 

Which  the  sieves  deviate  ^^o^l^J^^I^^ 
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are  drawn  back  again  after  being  applied  to  a  new  part  of  the  colour  surface.  When 
these  simultaneous  movements  have  taken  place,  the^ction  of  the  machine  proceeding 
without  intermission,  the  sieves  move  back  from  before  the  blocks,  and  these  are 
pushed  up  against  the  lailer,  printing  the  position  of  the  fabric  that  is  stretched  upon 
them.  This  brings  the  machine  to  that  position  at  which  the  description  commenced ; 
and  this  succession  of  movements  is  renewed  and  repeated  as  long  as  the  operation 
lasts ;  the  printer  having  it  always  in  his  power  to  suspend  the  advance  of  the  stuff 
whilst  the  working  of  the  blocks  and  sieves  continues,  so  that  the  colour  may  be  re- 
applied to  the  same  part  of  the  fabric  as  often  as  may  be  required  for  a  good  impression. 

There  have  been  several  attempts  at  block-printing  by  machinery  in  this  country, 
amongst  which  the  machines  of  Mr.  Joseph  Burch  have  been  most  successful  ;  but 
from  one  cause  or  another,  none  of  them  have  ever  come  into  general  use,  and  it  is 
unnecessary  therefore  to  particularise  them. 

The  copper-plate  printing  of  calico  is  almost  exactly  the  same  as  that  used  for 
printing  engravings  on  paper  from  flat  plates,  and  being  nearly  superseded  by  the 
next  machine,  need  not  be  described. 

The  cylinder  printing  machine  is  one  by  which  one  or  more  colours  are 
rapidly  printed  from  engraved  copper  cylinders  or  rollers  by  the  mere  rotation  of  the 
machine,  driven  by  the  agency  of  steam  or  water.  The  productive  powers  of  this 
printing  automaton  ai'e  very  great,  amounting  for  some  styles  to  a  piece  of  30  yards 
per  minute,  or  a  mile  of  printed  doth  per  hour.  Fig.  352  will  give  the  reader  a 
general  idea  of  this  elegant  and  expeditious  plan  of  printing. 
The  pattern  is  engraved  upon  the  sui-face  of  a  hollow  cylinder 
of  copper,  and  the  cylinder  is  forced  by  pressure  upon  a 
strong  iron  mandrel,  which  serves  as  its  turning  shaft.  To 
facilitate  the  transfer  of  the  impression  from  the  engraving  to 
the  cotton  cloth,  the  latter  is  lapped  round  another  large 
cylinder,  rendered  elastic  by  rolls  of  woollen  cloth,  and  the 
engraved  cylinder  presses  the  calico  against  this  elastic 
cushion,  and  thereby  prints  it  as  it  revolves.  Let  a  be  the 
engraved  cylinder  mounted  upon  its  mandrel,  which  receives 
rotatory  motion  by  wheels  on  its  end,  connected  with  the 
steam  or  water  power  of  the  factory,  b  is  a  large  iron  drum 
or  roller,  turning  in  bearings  of  the  end  frames  of  the 
machine.  Against  that  drum  the  engraved  cylinder  a  is 
pressed  by  weights  or  screws  ;  the  weights  acting  steadily,  by 
levers,  upon  its  brass  bearings.  Round  the  drum  b  the  end- 
less web  of  felt  or  blanket  stuff  aa,  travels  in  the  direction 
of  the  arrow,  being  carried  round  along  with  the  drum  b,  which  again  is  turned  by 
the  friction  of  contact  with  the  cylinder  A.  c  represents  a  clothed  wooden  roller, 
partly  plunged  into  the  thickened  colour  of  the  trough  d  d.  That  roller  is  also 
made  to  bear,  with  a  moderate  force,  against  A,  and  thus  receives,  hy  friction,  in 
some  cases,  a  movement  of  rotation.  -  But  it  is  preferable  to  drive  the  roller  c 
from  the  cylinder  a,  by  means  of  a  system  of  toothed  wheels  attached  to  their 
ends,  so  that  the  surface  speed  of  the  wooden  or  paste  roller  shall  be  soniewhat 
greater  than  that  of  the  printing  cylinder,  whereby  the  colour  will  be  rubbed,  as  it 
were,  into  the  engraved  parts  of  the  latter.  ....       ,     „    ,  ^  »t 

As  the  cylinder  a  is  pressed  upwards  against  B,  it  is  obvious  that  the  bearers  of  the 
trough  and  its  roller  must  be  attached  to  the  bearings  of  the  cylinder  a  in  order  to 
preserve  its  contact  with  the  colour-roller  c.  6  is  a  sharp-edged  ruler  of  gun -metal 
or  steel,  called  the  colour  doctor,  screwed  between  two  gun-metal  stiflening  bars;  the 
ed-e  of  which  wiper  is  slightly  pressed  at  a  tangent  upon  the  engraved  roller  a.  This 
rufer  viteates  with  a  slow  motion  from  side  to  side,  or  right  to  left,  so  ^  to  exercise  a 
de  kale  shav  ng  action  upon  the  engraved  surface,  as  this  revolves  m  the  direction  of 
the  arrow  c  i!  another  similar  sharp-edged  ruler,  called  the  hnt  <foc<or  whose  office 
t  is  to  rlmove  any  fibres  which  may  have  come  off  the  calico  m  the  act  of  prin  ing 
and  whLh  if  left  on  the  engraved  cylinder,  would  be  apt  to  occupy  some  of  the  lines 
or  at  leas^  to  prevent  the  colour  fi^m  filling  them  aU.  This  hnt  doctor  is  pressed 
verv  sliffhtlv  upon  the  cylinder  A,  and  has  no  traverse  motion. 

What  was  stated  with  regard  to  the  bearers  of  the  colour  trough  d,  namely,  that 
theT  are  connected,  and  m^oved  up  and  down  together  with  the  bearings  of  the 
cylinder  A,  may  also  be  said  of  the  bearers  of  the  two  doctors 

graved  on  that  cylinder. 
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Before  proceeding  to  describe  the  more  complex  machines  which  print  upon  cloth 
several  colours  at  one  operation,  by  the  rotation  of  so  many  cylinders  or  rollers,  it  is 
advisable  to  give  some  insight  into  the  modern  method  of  engraving  the  copper 
cylinders.    These  were  formerly  engraved  altogether  by  hand,  in  the  same  manner, 
and  with  similar  tools,  as  the  ordinary  copper-plate  engravings,  till  the  happy 
invention  of  Mr.  Jacob  Perkins,  of  America,  for  transferring  engravings  from  one 
siirfxice  to  another  by  means  of  steel  roller  dies,  was  with  great  judgment  applied  by 
Mr.  Lockett  to  calico-printing,  so  long  ago  as  the  year  1808,  before  the  first  inventor 
came  to  Europe  with  the  plan.    The  pattern  is  first  reduced  or  increased  in  size  to 
such  a  scale,  that  it  will  repeat  evenly  over  the  roller  to  be  engraved;  and  as  rollers 
are  of  varying  diameters,  owing  to  old  patterns  being  turned  off,  &c.,  this  drawing  to 
scale  has  to  be  adopted  for  every  roller,  the  exact  circumference  of  the  roller  being 
taken  and  the  pattern  arranged  in  accordance  with  this.    This  pattern  is  next 
engraved  in  intaglio  on  a  roller  of  softened  steel,  which  is  of  such  a  size  that  one  repeat 
of  the  pattern  exactly  covers  its  surface ;  generally  these  rollers  are  about  3  inches  long 
and  from  ^  an  inch  to  2  or  3  inches  in  diameter.    The  engraver  aids  his  eye  with  a 
lens  when  employed  at  this  delicate  work.    This  roller  is  hardened  by  heating  it  to  a 
cherry-red  in  an  iron  case  containing  pounded  bone-ash,  and  then  plunging  it  into 
cold  water :  its  surface  being  protected  from  oxidisement  by  a  chalky  paste.  This 
hardened  roller  is  put  into  a  press  of  a  peculiar  construction,  called  the  clamming 
machine,  where  by  a  rotatory  pressure,  it  transfers  its  design  to  a  similar  roller  in 
the  soft  state  ;  and  as  the  former  was  in  itagMo,  the  latter  must  be  in  relievo.  This 
second  roller  being  hardened,  and  placed  in  the  engraving  machine,  is  employed  to 
engrave  by  indentation  upon  the  full  sized  copper  cylinder  the  whole  of  its  intended 
pattern.    The  first  roller  engraved  by  hand  is  called  the  die;  the  second,  obtained 
from  it  by  a  process  like  that  of  a  milling  tool,  is  called  the  mill.    By  this  indentation 
and  multiplication  system,  an  engraved  cylinder  may  be  had  for  1/.,  which  engraved 
by  hand  would  cost  5l.    The  restoration  of  a  worn-out  cylinder  becomes  extremely 
easy  in  this  way;  the  mill  being  preserved,  need  merely  be  properly  rolled  over  the 
copper  surface  again.    The  die  roller  is  made  of  such  a  s'lie  that  its  circumference  is 
exactly  a  fractional  part  of  that  of  the  mills,  say  one-half,  one-third,  one-fourth ;  then 
in  the  clamming  machine  the  die  revolving  in  contact  with  the  mill  repeats  its  surface 
so  many  times  on  the  surface  of  the  miU.    By  this  means  as  little  skilled  labour  as 
possible  is  used.    When  a  pattern  having  more  than  one  colour  is  to  be  engraved, 
the  drawing  is  reduced  to  scale  as  before,  each  roller  being  made  of  the  same  diameter  • 
then  a  tracing  is  made  of  each  colour,  which  is  engraved  on  a  separate  die  and  mill  — 

a  mill  being  required  for  each 

colour — which  engraves  its  separate 

copper  roller  ;  when  these  rollers 

come  to  be  worked  in  the  printing 

machine,  each  roUer  fits  its  part  of 

the  pattern  into   place,  and  the 

original  pattern  is  reproduced.  The 

annexed    drawings  of  engraving 

machinery  are  from  those  made  by 

Messrs.  Gadd  and  Hill,  of  Man- 
chester, to  whose  courtesy  are  due 

also  the  drawings  of  the  printing 

machines   and  their  drying  appa- 
ratus hereafter  described.    Fig.  .353  ^ 

is  a  front  view  of  the  clamming- 

machine,  and  Jig.  354  is  a  side  view 

of  the  same,  a  a  cast-iron  frame- 
work ;  B  a  headstock  screwed  on 

the  frame  work  a  ;  c  a  sliding  piece, 

capable  of  movement  from  back  to 

front  on    the  headstock  b  ;  the 

position  being    determined,    it  is 

secured  by  the  screw  shown  under 

c;  the  roller  d  revolves  iu  bearing 

which  l,a.  .  sliding  m„v™™,'„„  ^.2.^0^  rfbic^T.  ll^J^^^ 

left  by  the  screw  i,  worked  by  the  lever  k    l  iiTa     n?!  mo^ed  from  right  to 

wh.e,„.  and  t.ro.d  h,  the 'wioch 'h.ldS  .V.^^^.r,  irXIV'irriS 
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through  the  wheel  n,  and  carries  the  boss  o,  which  has  a  square  aperture  to  receive 
the  centre  of  the  mill,  -wliich  is  squared  to  fit  into  it-  <l  is  a  screw  used  to  tighten  and 
keep  in  the  desired  position  the  saddle  pieces  e  o,  which  together  are  pushed  up  or 
down  to  meet  the  varying  size  of  the  die. 

The  die  d  having  been  hardened, 
is  inserted  in  the  machine  resting 
on  the  auxiliary  hard  steel  roller  e, 
which  again  rests  on  the  supporting 
piece  E  ;  the  die  being  in  contact 
with  the  hard  steel  roller  d,  the  soft 
steel  roller  or  mill  e  is  next  forcibly 
screwed  up  in  contact  with  the  die, 
rotatory  motion  being  given  to  the 
roller  d  by  the  toothed  wheels,  those 
portions  which  are  in  intaglio  in 
the  die  become  in  relief  on  the  mill. 
It  is  then  ready  for  the  machine 
engraver  to  transfer  its  pattern  to 
the  copper  roller.    Fig.  355  is  an 
elevation  of  the  engraving  machine. 
A  A  is  a  mandrel  which  carries  the 
copper  roller  b  ;  the  mandrel  is 
fitted  in  the  universal  joint  c,  which 
is  secured  on  the  shaft  of  the  wheels 
D  D,  which  are  a  double  pair  of 
wheels  for  the  purpose  of  altering 
the  speed  from  fast  to  slow,  and  are 
moved   by  the  winch-handle  or 
pulley.  The  lever  e  is  fitted,  works 
loosely  on  the  shaft,  on  which  is 
keyed  the  wheel  f.    By  means  of  the  screw  o,  the  lever  e  can  be  secured  to  the  wheel  f. 
By  this  contrivance  the  motion  termed  rocking  is  effected,  that  kind  of  motion  being 


 /  s  .  •  

required  wheu  the  pattern  repeats  at  great  intervals.  The  mill  works  in  bearings 
attached  to  the  pillar  and  carriage  h  h,  which  is  moved  from  right  to  lett  by  the 
screw  II:  the  mill  is  forcibly  pressed  against  the  copper  roller  by  a  u-eiglited  lerer 
which  forces  down  the  bearings  of  the  mill  in  the  pillar  h  ;  this  lever  cannot  be  shown 
in  the  figure,  but  is  at  right  angles  to  the  roller.  The  mill  being  in  contact  with  the 
copper  roller,  revolves  with  it  simultaneously  on  the  roller  being  moved  by  the 
wheels  D  D  or  the  lever  e,  and  consequently  impresses  or  engraves  its  pattern  on  the 
copper  roller;  when  the  mill  has  traversed  the  circumference,  it  is  then  moved  to  ts 
nex?  relative  position  by  the  screw  i,  which  moves  the  pillar  and  carnage  n  ;  the 
exa  t  distance^the  mill  moves  is  determined  by  an  index  on  t>'^^- ■^J-;;^^,' 
divided  into  segments,  corresponding  with  the  number  of  repeats  latci  all)  on  tlu. 
;Xr  iTe  Tplaratus'shown  L  i.  is  Ssed  occasionally  when  the  machine  is  employed 
for  turning  off  an  engraved  pattern,  which,  however,  is  generally  performed  m  a  slide 
lathe,  and  is  unnecessary  further  to  describe  here. 
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Etching  by  nitric  acid  is  largely  employed  in  engraving  for  calico-printing,  the 
following  being  the  process: — The  copper  roller  is  first  coated  all  over  with  a  thin 
coating  of  bituminous  varnish,  and  when  dry  put  in  a  machine  which  rules  Hues  about 
the  gL  of  an  inch  apart  all  over  the  surface,  the  lines  all  j-unning  in  one  direction  and 
diagonally  to  the  axis,  the  varnish  being  cut  through  by  the  ruling  point.  The 
pattern  is  then  traced  on  in  the  usual  manner.  All  the  parts  that  are  intended  to  be 
blank,  are  then  painted  in  with  the  bituminous  varnish  by  hand;  generally  the 
outlines  are  put  in  by  skilled  operatives,  the  filling-in  being  done  by  girls  or  boys  ; 
when  dry,  the  roller  is  immersed  horizontally  in  a  bath  of  diluted  nitric  acid,  and 
kept  there  for  a  few  minutes,  during  which  time  the  acid  attacks  and  deepens  the  lines 
which  are  unprotected  by  varnish;  the  roller  is  then  removed,  well  washed  with 
water,  and  the  varnish  removed  by  oil  of  turpentine;  the  pattern  is  found  etched  wilh 
diaoonal  bars,  which  in  a  good  engraving  should  be  nearly  level  with  the  blank  parts 
of  the  roller,  the  interstices  being  sutiicient  to  supply  the  colour.  The  outlines  of  the 
pattern  are  generally  completed  with  the  graver.  This  mode  is  well  adapted  for 
giving  a  deep  engraving,  which  is  necessary  for  printing  coarse  fabrics.  When  a 
pattern  is  worn  down  it  is  easy  to  renew  it,  by  simply  painting  up  the  blank  parts 
and  etching  deeper  by  nitric  acid. 

In  1854,  William  Rigby  patented  a  mode  of  transferring  patterns  to  copper  rollers 
by  a  modification  of  the  pentagraph.  The  pattern  to  be  engraved  being  drawn  on  an 
enlarged  scale,  and  put  on  a  bed  curved  to  an  arc  of  a  circle,  a  tracer  being  then 
moved  over  all  the  lines  of  the  pattern  by  a  beautiful,  but  simple,  arrangement  of 
machinery,  a  tracer  executed,  on  a  varnished  roller,  a  reduced  copy  of  the  pattern  on 
the  circular  bed.  In  a  patent,  dated  1st  January,  1857,  Rigby  introduced  an  improve- 
ment whereby  any  number  of  tracers  could  be  simultaneously  worked  on  the  roller, 
by  (he  simple  movement  of  the  tracer  on  the  pattern  ;  thus  all  the  repeats  of  the  pat- 
tern could  be  executed  at  once.  The  method  is  becoming  very  extensively  adopted, 
and,  independent  of  several  large  printers  having  begun  engraving  on  this  system,  a 
very  large  establishment,  "  The  Burlington  Engraving  Company"  has  been  com- 
menced with  a  view  to  engrave  on  this  principle.  All  descriptions  of  engraving 
cannot  however  be  done  on  this  plan.    The  process  is  the  following :  

The  pattern  is  first  enlarged  to  five  times  its  size :  this  is  conveniently  done  by  the 
camera.  The  paper  pattern  being  put  in  the  camera,  an  enlarged  copy  is  thrown  on 
a  table  m  a  darkened  room,  and  is  there  easily  traced  on  paper.  It  is  then  trans- 
ferred to  a  thin  zinc  plate,  and  this  plate  is  then  engraved  with  a  coarse  graver  the 
lines  of  the  engraving  being  adapted  for  the  tracing  point  to  work  easily  in  The 
zmc  pattern,  if  of  a  two-  or  more  coloured  pattern,  is  coloured  for  the  guidance  of  the 
operative.  It  is  then  laid  on  the  curved  bed  of  the  pentagraph  machine,  and  a  var- 
nished roller  bemg  mounted  in  the  machine,  a  number  of  tools,  corresponding  in 
number  to  the  repeats  laterally,  and  carrying  diamond  points,  are  placed  in  contact 
with  the  roller.  Ihe  operative  then  carries  the  tracer  successively  into  all  the  lines 
of  the  pattern,  a  lever  allowing  the  points  to  touch  the  roller  only  when  necessarv 
1  he  pattern  is  thus  traced  by  the  etching  points  on  the  roller  one-fifth  of  the  size  of 
that  on  the  zinc  plate,  or  the  same  size  as  the  paper  drawing.  The  roller  is  then 
painted  and  etched  with  nitric  acid,  as  before  described.  A  reference  to  the  annexed 
engravings  will  more  clearly  illustrate  this  system. 

In  figs  356  and  357,  a  represents  the  cylinder  to  be  operated  upon  ;  and  b  the  bed 
or  tab  e  for  the  reception  of  the  enlarged  pattern  or  original  device  ;  c,  the  tracer  which 
is  made  to  traverse  in  the  direction  of  the  arc  of  the  bed  or  table,  and  by  mean's  of  its 
connection  with  the  carriage  h,  the  rail  d,  and  the  connecting  ar^s  e  e,  coXunicates 
part  of  a  revolution  to  the  bar  or  axis/,  and  thence  to  the  cylinder  through  Z  Zl 
g  g  on  which  the  cylinder  rests.  The  cylinder  being  thus  moved  in  a  rolary  direc! 
t  on,  will  receive  from  the  tools  m  contact  with  it  diminished  copies  of  the  transverse 

The  fTnnP.  Tl"  ^''^^^^  °°  the  enlarged  pattern  or  device 

The  tracer  c  being  connected  with  the  carriage  h  which  travels  along  the  rai^  d  Zm 

^^vS  ziv-:.:ui7^'zf^^^^^^         eomS:ai:';  t«s 

which  pass  under  and  over^^t^e  smalfwtdsf  r/nfare  pi;s"^  '''''T' 
the  large  wheel    which  is  mounted  on  the  vert  cal  shaft  m  caJrv^nf..  ,  '"'"''^ 
the  small  drum  m\  round  which  passes  the  XpI  h.lT       '=^"y'"g  at  Us  upper  end 
pieces  o  o.     These  pieces  are  secureTbv  bolt  L  u "''^'^  "''^  t°  the 

which  the  upper  tool  ba   Tba  sr^h^cVlport  tW,  f  ding  frames  p.to 

tools  r  r  r,  J  fixed.  Thus  any  m'^tTon  of  he  la  ^  whe7/ w^^^  ""/^'^'""S 
drum      and  by  it  through  the  steel  band  .  to  tE  i^^g  J/am    r>VZTf  'iV'*^ 

be  evident  that  the  result  of  ^^^'sZSitZ' 
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motions,  by  passing  the  tracer  over  any  diagonal  or  curved  line,  -will  be  the  pro- 
duction of  a  diminished  copy  of  such  diagonal  or  curved  line  by  each  of  the  tools,  s  is 
a  treadle  with  a  vertical  link  and  appropriate  leverage,  by  which  the  tools  may  be 
brought  in  contact  with  the  cylinder  when  required  ;  1 1  are  counterbalance  weights 
for  the  connecting  arms  e  e,  lower  rail  d,  &c.;  u  and  v  represent  a  worm  and  wheel 
for  the  purpose  of  giving  the  roller  an  extra  partial  revolution  when  it  is  required  to 
engrave  upon  a  different  portion  of  the  circumference  of  the  cylinder  ;  and  to  efifect  a 
similar  purpose  in  the  longitudinal  direction,  the  tool  bar  may  be  made  to  shift  in  its 
sliding  frame  with  an  adjusting  screw  attached  to  it,  by  means  of  which  any  degree 
of  exactitude  in  the  setting  of  the  tools  may  be  obtained. 

In  the  machine,  as  shown  in  the  accompanying  drawings^  the  design  executed  on 
the  cylmder  would  bear  the  same  proportion  in  size  to  the  enlarged  pattern  on  the 
bed  or  table  that  the  small  drum  bears  to  the  large  wheel  I,  and  the  radius  of  the 
discs  9  g,  to  the  radius  of  the  circular  bed ;  but  by  the  adaptation  of  wheels  and  discs 
ot  different  diameters,  any  desired  proportion  between  the  pattern  engraved  and  the 
enlarged  pattern  may  be  adopted. 

la  fig.  358  representing  a  mode  of  giving  an  alternate  reverse  action  to  the  tools  and 
bars,  a>  are  the  bars,  to  one  of  which  a  longitudinal  to-and-fro  motion  is  given,  and  a 
reverse  motion  given  at  the  same  time  to  the  other  bar  by  means  of  the  links  or  rods 
b  connected  to  the  beam  or  lever  c\  working  on  the  pin  or  fulcrum  d'  attached  to 
the  framing  e'.    This  arrangement  of  the  machine  is  suitable  for  turnover  patterns 


onoofsX'LZV^^^^^^^^  two  or  more  rows 

according  to  the  pattern.  It  il  evTdInt  thaf  bv  .li^?  ''  '^T''-  otherwise, 
tool  holders  the  tools  rnay  he  ZT  to  nl^j/^^^ 

cylinder,  thus  affording  grLt  fStv  for  n?"^^    *l  °°  '^"^  ''^'•^^'^^  «f  the 

cable  for  step  patterns  i'otherSe  ^keSe^  ""^^"^  '""'^  ^PP"- 

thele  of  fultumS  ^ Tln^e"  not  '.r^'-^^-^"         <=°PPer  roller  • 

tool  holders  with  th^rtroXinl  Hftrd  by^etm'J^  i'"  "^^^^ 
by  the  weights      which  can  befdjifedtS^  nyTequ  e'd  ni^e^  '° 


510 


CALICO-PRINTING. 


In  figs.  361  and  362  is  shown  another  arrangement  of  tools  with  swivel  bars,  the  swivel 
bars  being  show  at  and  placed  and  held  in  tUe  desired  position  by  the  screws  qK 
To  the  bar  is  attached  the  carriage  r',  to  one  end  of  which  is  connected  the  tool 
holder  s\  in  which  is  a  projection  i',  acted  upon  by  a  beam  or  lever  u'  working  on  a 
fulcrum  in  the  carriage  r'.  The  tool  is  lifted  off  the  roller  u'  by  means  of  the  cam  «;', 
yfind  returned  to  its  work  by  means  of  a  spring  or  Indian-rubber  band  i-'  attached  to  the 
)  slide  It  will  be  perceived  that,  independently  of  the  slot  or  slide  in  the  tool 
holder,  great  change  of  position  is  obtained  by  simply  shifting  the  carriages  longi- 
tudinally. 

The  "  excentric  engraving,"  or  etching,  of  Mr.  Locket,  of  Manchester,  produces  on 
a  varnished  roller  the  most  curious  variety  of  configurations,  by  means  of  diamond 
points,  moved  by  very  elaborate  machinery,  the  patterns  being  the  result  of  excentric 
movements  given  to  the  tracer  by  a  combination  of  machinery.  In  this  case  the 
exact  effect  that  will  be  produced  by  any  given  modification  of  the  machine  cannot  be 
determined,  though  an  approximation  can  be  made  ;  but  when  a  pattern  is  produced, 
and  notes  taken  of  the  relative  positions  of  the  wheels,  &c.,  the  same  pattern  can  at 
any  time  be  reproduced.  This  system  is  applicable  principally  to  groundworks,  or,  as 
they  are  termed,  "  covers."  It  is  impossible  in  the  scope  of  this  article,  to  give  a  clear 
idea  of  this  machine,  as  a  very  elaborate  set  of  drawings  would  be  required. 

With  regard  to  the  2  and  3-coloured  machines,  we  must  observe,  that  as  the 
calico  in  passing  between  the  cylinders  is  stretched  laterally  from  the  central  line  of 
the  web,  the  figures  engraved  upon  the  cylinders  must  be  proportionally  shortened,  in 
their  lateral  dimensions,  especially  for  the  first  and  second  cylinder. 

Cylinder  printing,  although  a  Scotch  invention,  has  received  its  wonderful  deve- 
lopment in  England,  and  does  the  greatest  honour  to  this  country.  The  economy  of 
labour  introduced  by  these  machines  is  truly  marvellous  ;  one  of  them,  under  the 
guidance  of  a  man,  to  regulate  the  rollers,  and  the  service  of  two  boys,  to  supply  the 
colour  troughs,  &c.,  being  capable  of  printing  as  many  pieces  as  nearly  200  men  and 
hoys  could  do  with  blocks. 

In  mounting  two  or  more  cylinders  in  one  frame,  several  adjustments  become 
necessary.  The  first  and  most  important  is  that  which  ensures  the  correspondence 
between  the  parts  of  the  figures  in  the  successive  printing  rollers,  for  unless  those  of 
the  second  and  subsequent  engraved  cylinders  be  accurately  inserted  into  their  re- 
spective places,  a  confused  pattern  would  be  produced  upon  the  cloth  as  it  advances 
round  the  pressure  cylinder.  .      .       ,        .  j 

Each  cylinder  must  have  a  forward  adjustment  in  the  direction  of  rotation  round 
its  axis,  so  as  to  bring  the  patterns  into  correspondence  with  each  other  in  the  length 
of  the  piece;  and  also  a  lateral  or  traverse  adjustment  in  the  line  of  its  axis,  to  efi'ect 
the  correspondence  of  the  figures  across  the  piece  ;  and  thus,  by  both  together,  each 
cylinder  may  be  made  to  work  symmetrically  with  its  fellows. 


Fig.  363  is  an  end  elevation  of  a  4-colour  ff'^^^:^^''^^\'\.^l^^^^ 
section  of  same :  the  same  letters  of  reference  refer  to  both.    A  is  the  cast  iron 
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■work,  bolted  to  a  corresponding  framework  by  the  bolts  b,  with  a  space  of  from  3  to 
4  feet  between;  o  is  the  pressure  cylinder,  about  2  feet  diameter,  of  iron,  but  hoUo^r, 
and  between  3  and  4  feet  long,  according  to  the  sort  of  cloth  the  machine  is 
intended  to  print ;  d  are  the  copper  rollers,  the  width  of  a  piece  of  cloth  ;  e  are 
wrought-iron  mandrels  on  which  the  copper  roller  is  forced  by  a  screw  press,  the 
mandrel  being  about  4  inches  diameter  where  the  roller  fits  on,  but  with  journals  of 
smaller  diameter.  The  roller  is  made  with  a  projecting  piece  inside,  about  ^  an  inch 
broad,  and j  of  an  inch  deep,  extending  all  the  width  of  the  roller;  this  tab,  as  it  is 
called,  fits  in  a  slot  cut  in  the  mandrel,  which  causes  it  to  turn  without  slipping  on  the 
mandrel;  the  pressure  cylinder  or  bowl  c,  rests  with  its  gudgeons  in  bearings  or 
bushes,  which  can  be  shifted  up  and  down  in  slots  of  the  side  cheeks  A ;  these  bushes 

364 


are  suspended  from  powerful  screws  f,  which  turn  in  brass  nuts  made  fast  to  the 
trame  a     These  screws  counteract  the  pressure  upwards  of  the  two  lowest  rollers 

thiT  ^'^''^         °f  °f  tlie  rollers,   &c.,  when 

tliey  have  to  be  removed,    g  g  are  sliding  pieces,  moving  in  arms  of  the  frame- 

m^nLlf  TT  °^  '"7'  \  ^^''^  '^''^'"S  pieces  carry  the  bearings  of  the 
mandrels;  to  them  are  also  attached  the  colour  boxes  and  doctors.  The  tcrews  h' 
work  m  female  screws  i',  which  form  part  of  a  system  of  jointed  levers  k  The^e 
levers  are  for  the  purpose  of  giving  an  additional  pressure  or  nip  to  the  rovers  d  the 
pressure  be.ng  also  elastic.    There  are  four  pairs  of  levers,  each  pair  bearing  ^pon 

ciselv  ali?e    Th.T'^  \'  I"''"''',!  *°  '''''  ^'V,  both' sides  b  ing  pre- 

nnnnHi  ^^e  .^wo  highest  roUers  are  pressed  against  the  cylinder  by  the  com- 

pound levers  K',  which  have  attachments  to  the  arms  of  the  framework  atV  and  to  tb. 

but  thf  S^tT"  'T'""''^  ^'  ^  '""^  and  areTorted  S/etheJlt  S 

but  the  bent  levers  h,  g,  t,  merely  fit  into  sockets  i,  of  the  horizontal  levers  m'  r  ' 

convenience  of  removing  the  roUers  coTour  bo^'es         fV,.    }  ^^i" 
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wliich  are  partly  outside  the  machine,  is  best  seen  in  Jigs.  363-364  -where  l  are  the 
■weights,  Q  are  colour  boxes,  the  sides  and  bottomvof -which  are  made  of  sheet  copper, 
and  the  ends  of  gun-metal;  in  each  end  is  a  slot,  -which  receives  the  brass  journals  of 
the  -wooden  furnishing  rollers  r,  -which  are  -wrapped  with  a  few  folds  of  coarse  calico 
and,  by  revolving  in  the  colour  and  against  the  engraved  rollers  d,  supply  it  equally 
all  over  -with  the  colour:  the  superfluous  colour  is  next  -wiped  off  by  the  colour  doctors 
T.  These  doctors  are  thin  blades  of  steel  or  brass,  -which  are  mounted  in  doctor- 
shears,  or  plates  of  metal  scre-wed  together  -with  bolts;  the  shears  have  journals  -which 
rest  in  bearings  movable  backwards  and  forwards  by  the  screws  s ;  the  doctors  are 
kept  in  close  contact  with  the  engraved  roller  by  levers  and  weights,  for  the  way  of 
arranging  which,  see  Jig.  365,  where  A,  b,  c,  are  the  levers  attached  to  the  doctor 
shears.  On  the  ends  of  these  levers,  weights  are  hung,  and  by  this  means  the  doctors 
are  pressed  forcibly  against  the  roller. 

365 


After  printing  the  pattern  on  the  piece,  the  roller  d  is  cleaned  from  threads  or  dust 
by  the  lint  doctors  u,  pressed  against  the  roUer  by  the  screws  s,  fig.  364  ;  any  loose 
threads  from  the  piece  are  prevented  by  the  lint  doctors  from  going  mto  the  colour,  and 
consequently  under  the  cleaning  doctors,  where  by  preventmg  them  from  perfectly 
wiping  the  blank  parts  of  the  roller,  smears  on  the  piece  would  ensue.  The  colour 
boxes  are  mounted  on  wooden  boards,  to  give  them  greater  strength,  and  are  tight- 
ened  up  against  the  roller,  by  the  screws  b  r  and  w  w  ;  the  lower  pair  of  colour  boxes 
are  removed  from  the  copper  roller  when  not  in  use  by  the  handles  v,  after  detaching 
the  screws  w  w.  There  is  a  toothed  wheel  slipped  on  to  each  mandrell,  working  into 
a  toothed  wheel  on  the  axis  of  the  furnishing  roller,  which  ensures  the  copper  roller 
and  furnishing  roller  always  turning  together.  By  means  of  an  excentnc  fixed 
on  the  axis  of  the  pressure  bowl,  and  connected  with  each  cleaning  doctor,  a  icgukir 
vibratory  movement  is  given  to  them,  which  prevents  the  doctor  ^"^^^^^^ 
unequally.  Sometimes  for  the  highest  rollers  and  especially  f'^^^ 
than  four  colours,  the  cumbrous  colour  box  is  dispensed  with,  a^^°f  ^t'^J 
in  a  curved  frame  is  applied  to  the  roller  instead.  In  this  arrangem  nt  t  e  doctoi 
forms  the  bottom  of  the  colour  reservoir,  and  ,s  Pr^^^^d  strongly  aga  nst^t^^^ 
the  curved  frame  stopped  off  at  the  sides  with  a  piece  of  copper  cuned  6^  ^^"^^^ 
roller  and  frame,  and  which  is  padded  with  a  piece  of  folded  ^■°«°\.^  "'Lfig 
colour  box.    This  doctor  box  takes  but  little  room,  and  wastes  but  little  coloui,  but  is 
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only  used  for  the  uppermost  rollers.  Neither  of  these  arrangements  can  be  shown  in 
fff.  Sdi.  The  roll  of  pieces  is  shown  at  a,  wound  on  the  wooden  roller  b,  the  axis  of 
which  rests  in  bearings  at  the  end  of  the  arms.  The  piece  is  conducted  under  a 
small  wooden  roller,  next  over  a  square  iron  bar,  and  next  against  the  scrimpin"-  bar 
Y,  thence  over  the  wooden  roller  x,  round  which  also  pass  the  grey  piece  d,  and  the 
woollen  blanket  e.  The  scrimping  bar  is  a  bar  of  iron  or  brass,  with  curved  surface, 
furrowed  by  grooves,  cut  right  and  left  from  the  centre,  as  in  j?^.  366.  In  passing 
over  this  bar,  the  cloth  is  stretched  equally  from  the  centre, 
and  any  folds  or  creases  removed.  In  order  that  the  piece 
may  be  constantly  stretched,  the  roller  b  is  provided  with  a 
wooden  puUey,  round  which  passes  a  leather  strap,  one  end 
of  which  is  made  fast  to  the  framework,  and  to  the  other  is 
attached  a  weight ;  the  friction  of  the  strap  against  the  pulley 
causes  a  retarding  action  of  the  piece,  and  consequently  keeps  it  stretched 
Fig.  367  IS  an  elevation  of  a  12-colour  machine,  which  is  inserted  to  show  the  way 
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about  these  pinions,  or  box  wheels,'  as  they  '  ^"'^      *  peculiarity 

are  called,  which  may  be  observed  in  fg. 

367,  but  IS  shown  on  an  enlarged  scale  in 
M  368,  which  is  a  box-wheel  detached. 

I  bis  wheel  may  be  compared  to  the  fine  ad- 
justment of  a  microscope,  as  by  means  of 
It  the  rollers  receive  the  final  and  delicate 
adjustment  so  as  to  register  accurately  with 
one  another.  It  consists  essentially  of  two 
parts:  the  disc  a,  carrying  the  cogs  ;  and 
tne  Hollow  axis  b,  carrying  a  disc  at  one 
side,  and  the  connecting  piece  and  screw 
C  D  at  the  other.    The  part  a  a,  or  sheU  of 
the  wheel,  is  about  10  inches  diameter  and 
3  inches  broad  across  the  cogs  ;  one  side  of 
the  shell  IS  cut  out  to  receive  the  plate 
shown  by  dotted  lines.    This  plate  is  pro- 
vided with  the  hollow  axis  b,  which  comes 
wr'^i        '^^l^'  ^"'l  P''°Je«'s  about  3 

mches,thepartprojectingbeingcutthrough  -    U    U  " 
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forms  pavt  of  the  axle  piece,  and  -works  in  the  slide  n.  When  this  wheel  is  used,  it  is 
slipped  on  the  mandrel  which  carries  the  copper  roller,  and  a  cotter  is  driven  through 
the  cleft  axle  and  through  a  corresponding  cotter  hole  in  the  mandrel,  thus  (irmly 
connectino-  the  mandrel  and  wheel  ;  the  mandrel  and  roller  being  put  in  their  place 
in  the  machine,  the  cogs  of  the  mandrel  wheel  work  into  the  main  driving  wlieel,  as 
shown  in^V- '^^^  coarse  adjustment  of  the  rollers  being  made  when  putting 
them  in  their  places,  the  fine  adjustment  is  made  by  turning  the  screw  d.  It  is 
obvious  that  the  screw  v,  by  pressing  against  the  lugs  o  of  the  shell  a,  which  is 
geared  into  the  driving  wheel,  will  turn  the  mandrel  and  roller  without  moving  the 
co"-s.  By  this  arrangement,  any  roller  may  be  moved  round  about  2  inches  at  any 
time  after  being  fixed  in  its  place.  All  machines  of  more  than  one  colour  are  fitted 
with  these  wheels,  which  indeed  are  indispensable. 

369 


In  fig.  367  is  also  shown  a  piece  of  apparatus  attached  to  the  framework  for  the  pur- 
pose of  cleaning  the  cloth  from  dust  and  threads  hefore  printing.  Tjiis  apparatus 
patented  by  John  Coates,  of  Manchester,  is  shown  on  an  enlarged  scale  m  Jig.  369.  it 
consists  essentially  of  a  brush  and  a  roller,  covered  with  card  or  the  wire  material  used 
in  cotton-carding  engines  ;  these,  with  the  gearing,  are  attached  by  the  straps  of  iron 
B  B  to  the  ends  of  the  i>ods  a  a,  care  being  taken  that  the  roller  g  :s  placed  parallel 
to  the  printing  machine,  and  the  apparatus  sufficiently  high  to  be  oyer  the  head  of  he 
person  engaged  at  work  behind  the  machine,  and  convenient  for  him  to  reach  out  the 
roller  and  brush,  when  they  require  cleaning.  The  piece  passes  over  ^m^" 
c,  whether  deUvered  from  the  "roll,"  or  "heam,"  as  at  n  or  o;  '^^^^ 
wooden  rail  d,  and  over  a  brush  e,  and  afterwards,  at  f,  it  comes  on  to  the  card  roUer 
whkh  is  turned  by  the  plain  roller  g  (over  which  the  piece  passes)  the  contrary  way 
to  the  piece,  so  that  the  card  catches  any  loose  material,  and  prevents  it  agam 

''pouS^eltdS-colour  machines,  similar  to  the  above,  are  now  at  work  in  many 
estaSments  in  Lancashire,  which  will  turn  off  a  piece  of  28  ^J^s  p"  ,  ^^^^^^^ 
of  the  three  or  four  cylinders  applying  its  peculiar  part  of  t^^^Pf  ^^'-V^Jj  ra  e  the 
it  passes  along,  by  ceaseless  rotation  of  the  unwearied  wheels.  At  this  rate,  tne 
astSing  length  of  one  mile  of  many-coloured  web  is  printed  with  elegant  flowers 
fnnther  fiffurls  in  an  hour.  When  we  call  to  mind  how  much  knowledge  and  skill 
Le  involved  in  this  process,  we  tn.j  fairly  consider  it  as  the  greatest  achievement  of 

wound  r  a  he^m?  and  iLt  of  fll,  a  few  'yards  of  common  coarse  cotton  o^  calico 

^-t^%le^TOot?^^^^^^^^^^^ 

i^uJ^ll^^^to  guide  tf  clot;  evenly.  ^^^^^^^^^ 

and  fills  them  anew  to  a  bevelled  sharp  edge.  unbleached 
To  prevent  the  blanket  being  too  soon  soiled,  it  is  usual  to^^^^^^  ^^^^^ 

pieces  between  the  blanket  and  the  white  P'^^^t  J  of  drvinJ  Xr^  h^  m«<=l^i"e- 
pieces  are  dried  separately.  There  are  s^ver^U  ways  of  drying  a^^^^^  ^^^^ 
•Vhefg.  370  may  be  taken  as  representing  a  good  and  effective  mctuoa. 


CALICO-PRINTING.  515 

printing  machines  there  is  a  hot  room,  in  which  is  fixed  the  bulk  of  the  drying 
apparatus.  This  room  is  kept  closed,  and  is  ventilated  so  as  to  let  out  the  steam,  &c.; 
it  is  of  necessity  of  much  higher  temperature  than  the  printing  apartment.  Above 
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the  prmtmg  machine  is  fixea  a  framework,  which  carries  the  supports  for  the  rolls  of 
g::ey  pieces,  and  a  long  range  of  steam  chests  a  a.  These  steam  chests  Le  tir  ame 
width  as  the  machme  about  1  foot  broad  and  3  or  4  inches  deep,  and  are  connected 
one  with  another  by  bent  pipes  at  the  end.  The  range  of  steani  chcsfsTs  coSed 
through  an  aperture  in  the  wall  into  the  hot  room,  and  below  the™  ira^arranSment 
of  steam  cylinders,  turning  on  hollow  axes,  through  which  steam  is  adn^ittPr^^hl 

the  shortest  arrow  shows  the  course  of  the  blanket,  the  longest  arr^^  the  couTse  of 
tnIZ  P,r/''  """^  n.iddle-sized  one  that  of  the  grey  pieces  TTie  wl^e  pieces 
leave  the  roll  b,  passing  over  a  wooden  roller,  and  thence  round  the  7vlTn^lt^,i!> 
with  the  grey  and  the  blanket.  After  receiving  the  imnreLZ  tbp  nipl  ^ 
a  small  roller  at  the  edge  of  the  framework,  and  then^ra  on  °'the  ton  of^thfT"" 
chests,  the  roller  being  so  regulated  as  to  keep  .he  pieces  clos^e  to  thePchests  butTt 
touching  them.  It  passes  along  the  straight  length  and  down  the  incline  Tn  leavrn<^ 
the  chests,  it  passes  round  the  cylinders  Nos  fi  ^  nn^  4  .  ^    .  t' , 

as  to  embrace  nearly  the  whole  of  the  cvlinde.4  it  th^t'  nnl^  stretched  by  rollers 
and  up  through  anotir  narrow  a^erZet'tht  wall  bSn'g  c^oXct^dl^roth  a  .77' ^ 
down  apparatus,  which  has  drawing-  rollers  at  the  PnH  dr^^^^  e  '^"^"."S^  <^P'aitV'9- 
segmentof  acii'cle,  and  so  fold  he  ^ece  bfekwards  ^nd  f.r  f™''  T^'"^  ^ 
grey  and  the  blanket,  on  leavinHhe  cyliX  DrooP^f  f     Tl  ^  P""- 

uadersideof  the  ste^m  chests,  llong  wS^^^^^^^^^^^^  °T  ^  n"" 

they  part  company,  the  blankets  passfnj dol  ovl-  ircyHndeL  1 
these  cylinders  and  over  and  under  the  rollerrJ^  tlnv  °      ,         2  thence  under 
chests  round  rollers  e  e,  and  so  ajL  intrtt  maline     Th^  •  "'^^  ^^^^"^ 

ing  the  roller  c,  pass  along  the  u^der  s^^  of'thT'chest  '  toTL  foU^^r'T^wf 
the  cyhnder  3,  the  rollers  g  g,  being  finally  wound  on  a  beam  at  f  ^en  the  roTl  f 
grey  pieces  i  is  exhausted,  the  roU  h  is  put  in  its  nlmp  tha  n.^'      •       ^  •    °^  °^ 
through  the  machine  two  ^r  three  times  accordip'  ^  thU  .r5^ 
and  then  sent  to  the  bleach  house.  ^^coramg  as  they  are  more  or  less  stained, 

Scarcely  any  print  works  are  without  several  5  and  6-oolonr  nrmtir...  -u- 
the  printers  of  goods  intended  for  hanp-in^r  Jl.fT  Pfmting  machines,  and 

designs,  employ^machines  eapabtof  p?  nfngTitm  °'  elaborate  floral 

machines  are  necessarily  of  very  large  dSn  ions  P/fs7^^^  ^^^'^ 
20-colour  machine,  made  by  Messrs  G  add  TnT  Hnf'  Af    I  "       ^""^  "^''^^  ^ 

Ihe  system  of  turning  cylinder  machines  patenteH       M^  t 
several  advantages.    In  this  plan  a  smairhiXpresste^ofollli^- ^  P°'^^=^^« 
directly  to  the  axis  of  the  large  cylinder  theivbJXn    °?°'^'^f^°S  engine  is  attached 
and  shafting  required  when'maSs  Vre"^^^^ 

the  machme  printer  also  has  perfect  command  over  the  sneed  of  ^b!  v.-""^  ' 
fit  the  pattern,  when  it  is  turning  very  slowly  whh^nr!  machine,  and  can 

usual  system.  On  this  system  also  machinrs  can  b^nTr  ^°°.^™'ence  than  on  the 
works,  and  are  independent  of  the  stSary  enLe       '^"^^      ""^^  of  the 

In  surface  printing  the  cylinder  or  roller  is  in  relief  iust     tl,«       a  v, 
by  hand  and  the  manner  of  working  them  is  shown  in  ^  ^79    J°v.''- "««<i 
an  8.colour  surface  machine  of  Gadd's.    1  I  is  ?he  £m!  '  ,  '^'^  of 
cylinder,  whichishollow,  and  made  with^armViLlSe^  ^c^^^^^^^^ 
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Dlied^ith  colour  by  the  endless  weh  or  sieve//,  revolving  round  the  yooden  tension  rol- 
lers B  D  e;  the  roller  e  is  screwed  down  so  as  to  press  the  sieve  on  the  furnishing  roller 
F  which  revolves  in  the  copper  colour  box  g  ;  the  two  tension  rollers  next  to  the  surface 
roller  move  in  slides,  so  that  by  means  of  the  screw  h,  the  sieve  can  be  pressed  against 
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1  screwed  lightly  against  the  sieve  by  the  screw  b.. 
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The  printing  roller  being  in  relief,  there  is  no  necessity  for  the  complicated  arrange- 
ment of  levers  as  in  the  ordinary  machine,  and  consequently  the  surface  machine  is 
much  more  simple.  It  is  only  adapted  for  patterns  of  little  delicacy,  as  the  outlines 
are  apt  to  be  not  well  defined;  the  colours,  however,  from  being  laid  on  the  top  of  the 
cloth,  are  very  rich,  hence  for  woollen  fabrics  the  surface  machine  is  well  adapted. 

I'leces  lor  printing  by  machine  are  stitched  together  end  to  end,  which  is  usually 
aone  by  girls,  but  the  use  of  stitching  machines  is  rapidly  becoming  general,  and 
sho        7  ^7^  aiiversal.    One  of  these  machines,  found  advantageous,  is 


shown  in  Jig.  373 

373 


This  machine  was  the  invention  of  Charles  Morev  in  a     •     ^  , 

fitted  with  leaves  on  their  peripheries  and  *rpnr  In/  ^  P^""      ^'^^els  are 

These  wheels  are  mounted  irsuitable  bearings  fi^.H  T  ^°°|her  like  cog-wheels, 
rotary  motion  by  means  of  a  winch-Sndle  t£  centJe  of  ICtt''^  ^'■'^"^^ 
is  cut  away,  so  as  to  form  a  circular  o-mr^^o  i^tf  ll  ^  ^^^^^  °^  both  wheels 
be  together^  Opposite  torhisg  rve  aK^^^^^^^  teeth  which  happen  to 

carries  a  sliding  piece,  with  a  spiral  snr  nt  l  ! 

sliding  piece,  ^vhich  passes  hrough  the  bracket  thpL'*"  ^^e  end  of  the 

of  a  needle,  the  point  of  which  rests  in  tWrnI'  f  '^  ji  receptacle  for  the  eye  end 
threaded,  and  th'e  fabric  to  t^t  ched  ^  the  neU  is 

motion  is  communicated,  wherebv  the  fahr^^=  behmd  the  wheels,  to  which  rotary 
which,  as  the  operation  Weeds!  are  fo^rced  o^^^^^^^^^  f'lt'^  undulations'^ 

needle  is  fuU,  and  the  piece  at  th^  other  side  of  thp  w>,^  .f  ""'^"^^^  '  ^l^en  the 
"l^^  «P"°#-  removed  from  the  ma  hiL  andIhe  thread  d^  '  ^'"'^'^  "ack 

which  are  then  basted  or  stitched  together  This  is  p  i  ^rawn  through  the  pieces, 
ends  of  pieces  together;  but  where  rnn^Lrifw        ""^'y  mode  of  stitching 

purpose  of  being  put  through  several  onerat^on^^'•t^^'^  *°       for  thf 

scnption  of  stitching  is  required  anTa  mnS  t  ^^t^^^^t  ^^^stitching,  a  firmer  de- 
patented  by  Newton  in  1853.  is  f;equentrus  d  '  Thk"  ^'^''''''^  ""^'^'^^^  and 
ment,  whereby  a  bearded  needle  ireSved  for  .  a°  ^^'^^S^- 
r.  V'''  P''^'''  hungToubfe  on  pinsTrf"  f  «'«<=^es 
racks,  which  move  in  grooves  formed  in  the  fece  of  aXni  -'  f  "circular 
dnven  by  pinions  taking  into  their  teeth  and  th"=  *>-  ^^^'^  "'^"^^  ^re 
he  action  of  the  needlefwhich  having  a'qu^krecpricafin''  P^^^^^  under 
the  needles  of  stocking  frames,  and  being  in  hke  that  of 
passed  backwards  and  forwards  through^he  fabrio^^'Ii,'"PE'^"'^  ^''^  thread,  is 
loops  on  the  inner  face  thereof  OirrlpH  1,1  fi,  '  ^'"^  thereby  leaves  a  chain  nf 
holes  in  the  fabric  to  aUow  of  tS  n  ed^J  pSsinTrT  \^  -Wch  pt  reel 
machine  being  rather  elaborate,  wiS  be  describ  din  th ''^^/^°o"^>^        '^^^  The 

thfrn^Catut»rh7i~ 

.uto  hot  water,  they  J elsi^^^^t^ '^^17^^^'"^'  -^-q-m  opemt^; 
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By  whichever  of  these  modes  the  pieces  are  joined  together,  they  are  then  -wound 
in  rolls  of  about  40  pieces  by  a  machine  called  a  cwidroy,  which  winds  them  on  the 
•wooden  beam  which  lits  in  at  the  back  of  the  printing  machine,  tlie  cloth  during  tiie 
operation  of  winding  becomes  stretched  laterally  quite  smooth,  by  the  aid  of  one  or  two 
grooved  strctclilug  bars,  as  described  in  fiy.  3()6,  a  due  degree  of  strain  being  kept  on  the 
piece  by  it  passing  under  and  over  several  plain  wooden  bars,  and  to  the  axis  of  the 
■wooden  beam  which  receives  the  pieces  being  suspended  weights  which  keep  it  forcibly 
in  contact  with  the  wooden  drum  which  turns  it  by  friction.  In  this  machine  the  ends 
of  the  axis  of  the  beam  pass  through  slots,  which  allow  it  to  rise  as  the  pieces  become 
•wound  on,  and  the  diameter  consequently  increases.  If  fewer  pieces  than  40  are  to  be 
printed  in  one  pattern  or  colouring,  it  is  usual  to  stitch  a  few  yards  of  old  cloth 
between  two  pieces  where  the  change  is  intended  to  be  made;  by  this  means  the 
printer,  on  coming  to  the  waste  piece  stops  his  machine,  and  fits  another  pattern  or 
changes  the  colours  without  damaging  good  cloth. 

The  doctors  used  in  cleaning  off  the  superfluous  colour  from  the  rollers,  are 
generally  thin  blades  of  steel,  of  a  thickness  varying  from  of  an  inch  to  -/gof  an  inch, 
according  to  the  sort  of  engraving  on  the  roller;  but  some  colours,  such  as  those  con- 
taining salts  of  copper,  would  he  too  corrosive  on  a  steel  doctor,  and  in  this  case 
doctors  of  a  composition  like  brass  are  used.  They  are  filed  to  a  bevelled  edge,  and 
require  to  be  retouched  with  the  file  after  printing  from  10  to  30  pieces.  The  cylinder 
or  drum,  in  contact  with  which  revolve  the  copper  rollers,  is  wrapped  round  with  a 
cloth  called  "  lapping,"  which  is  generally  a  coarse  strong  woollen  cloth  of  peculiar 
make,  and  is  folded  tight  on  the  cylinder  about  h  an  inch  thick.  The  blanket  is  next 
put  on  and  drawn  tight:  this  blanket  is  a  very  important  part  of  the  machine  ;  it  is 
a  thick  woollen  web,  about  40  yards  long,  and  requires  to  be  made  with  great  care,  so 
as  to  be  uniform  in  te.N;ture,  thickness,  and  elasticity.  If  the  blanket  is  uneven,  it  has 
the  effect  of  throwing  the  blanket  into  confusion  at  the  uneven  places. 

A  good  blanket  will  serve  to  print  10,000  pieces,  being  washed  whenever  loaded 
with  colour,  and  then  is  suitable  for  covering  the  tables  of  the  block  printer. 

In  the  year  1835  Messrs.  Macintosh  and  Co.  patented  an  Indian-rubber  blanket,  which 
consists  of  several  thick  cotton  webs,  cemented  together  with  dissolved  Indian-rubber. 
This  blanket  is  very  useful  and  economical  for  some  purposes  ;  the  surface  bemg  very 
smooth  great  delicacy  of  impression  is  obtained,  and  when  soiled  it  is  not  nece.'^sary 
to  remove  it  from  the  machine,  as  it  is  easily  washed  with  a  brush  whilst  revolving 
on  the  machine.  An  Indian-rubber  blanket  will  print  20,000  pieces,  which  is  twice  as 
much  as  a  woollen  one  will  do,  the  price  per  yard  being  also  lower.  Several  descrip- 
tions of  these  blankets  are  made  by  Messrs.  Macintosh,  some  of  them  having  a  coating 
of  vulcanised  Indian-rubber  on  the  face  that  is  printed  from,  thereby  giving  a  still  more 
elastic  surface  A  great  improvement  has  been  recently  made  in  these  Indian-rubber 
blankets  by  shrinking  or  preparing  the  cotton  previous  to  cementing,  according  to 
the  patent  process  of  Mr.  John  Mercer,  viz.  by  soaking  m  strong  alkali,  and  a  ter- 
wards  in  dilute  sulphuric  acid ;  this  process  contracts  the  fibre  to  a  certam  extent, 
and  the  cloth  is  found  to  possess  a  great  increase  of  strength.  When  made  into 
blankets  they  are  found  to  be  more  capable  of  resisting  the  severe  strains  of  the 
printing  process,  and  consequently  many  more  pieces  can  be  pnnted  from  them  than 
from  ?he  old  sort.  They  are  made  by  Mr.  Richard  Kay,  of  Accnngton  and  are 
coi^ng  into  general  use.'  The  woollen  blanket,  however,  seems  to  be  Prferred  for 
several  stvles  Several  patents  have  been  taken  out  for  printmg  without  blankets, 
Tut  halfnever  come  into'^general  use  ;  but  recently  a  mode  of  pr  nUn^^^^^^^  ^-y  - 
nnbleached  calico  has  come  into  use,  which  is  very  favourably  spoken  ot.  In  this 
Tethod  a  roU  of  grey  cloth  is  so  disposed  behind  the  machine  that  the  fabric  can  be 
Conducted  five  timi  through  the  machine  before  finally  going  away  to  be  wound  on 
a  beam  for  rimoval.  Therl  are,  therefore,  5  layers  of  cloth  under  the  white  cahco 
when  or°ntinr^hich  gives  a  ufficiently  elastic  bed  for  printing  from;  and  very 
letatrshTef'crn  be  got.  Any  given  /art  of  the  grey  cloth  is  5  tunes  uppermost 
nn  the  nressure  cvlinder,  and  consequently  1  piece  ot  grey  clo  h  is  used  to  print  5 
DkSof  white.  Gutta  percha  pressure  cylinders,  or  "bowls"  have  been  suggested 
^rDaltonran  English  printer;  but,  though  theoretically  preferable  to  iron,  they  do 

""^Z'ZitXT^^''^^-^-  of-li-  P^-^^r^  ^^'"'^^l^  Ten'conJ^iliing'I 

^'Pi^cfs^after  printing  by.either  ^^of  s^S^^^^^^^^^ 
operations  at  once,  but  are  for  the  most  part  hung  in  spacious  airy  cnamo 


CALICO-PRINTING.  519 

from  an  arrangement  of  rails  at  the  top  of  the  room.    Thpse  chambers  are  kept  at  an 
equable  summer  temperature,  and  in  proper  hygroscopic  conditions,  due  ventilation 
being  also  provided.    These  "  ageing  rooms,"  as  they  are  called,  are  in  several  print 
works  of  enormous  dimensions,  and  are  generally  separate  buildings.     Those  of 
Messrs.  Edmund  Potter  &  Co.,  and  Messrs.  Thomas  Hoyle  &  Co.,  in  Lancashire,  may 
be  particularised  as  forming  quite  a  feature  in  the  works.     The  pieces  stay  in  these 
chambers  from  1  to  6  days,  according  to  the  style  of  work,  during  which  time  the 
colour  which  was  deposited  on  the  outside  of  the  fibre  gradually  permeates  it,  and 
becomes  more  firmly  attached,  a  portion  of  the  base  being  deposited,  and  acetic  acid 
given  off  m  vapours.    Where  colours  are  required  to  absorb  a  certain  amount  of 
oxygen  such  as  iron  mordant,  catechu  browns,  &c.,  they  find  the  necessary  conditions 
here.    On  the  proper  ageing  of  printed  goods  'depends  in  a  great  measure  the  success 
of  many  styles  ;  should  the  room  be  too  hot,  or  too  dry,  imperfect  fixation  of  the 
colour  ensues,  and  meagre  and  uneven  tints  are  obtained  in  the  subsequent  operations. 
In  countries  where  in  summer  the  atmosphere  is  dry,  great  difficulty  is  found  in 
ageing  properly     In  America  catechu  browns  have  been  known  to  require  weeks 
before  being  of  the  proper  shade.     These  are  of  course  exceptional  cases  ;  the 
scientific  printer  knows  how  to  combat  these  evils  by  the  introduction  of  waterv 
vapour,  or  even  by  erecting  his  ageing  room  over  a  reservoir  of  water,  with  rather 
open  boarding  for  floor  ;  many  colours  also  may  have  deliquescent  salts  introduced. 
In  England  the  process  of  ageing  is  of  pretty  uniform  duration. 

Quite  recently  several  printers  have  begun  to  adopt  a  method  of  "ageinff  "  which 
promises  to  revolutionise  the  old  way  of  hanging  for  several  days,  and  thus  occupying 
a  large  space  In  a  patent  of  Mr.  John  Thom  for  sulphuring  mousseline-de-lafnes 
a  claim  is  made  for  using  the  same  apparatus,  or  a  modification  of  it,  for  passing  S 
printed  goods  through  a  mixture  of  air  and  aqueous  vapour.  Pieces,  after  feavS 
?  nnr°v.w°'"  ""^^'^  they  are  dried  after  printing,  are  run  over  rolle  s  arranged^a 
a  narrow  room,  above  and  below.  A  very  small  quantity  of  steam  is  allowed  o 
escape  mto  this  room,  which  is  kept  slightly  warm  by  the  steam-pipes.  TheTeces 
on  issuing  from  the  apparatus,  shoidd  feel  soft,  but  not  moist;  they  are  loosely  folded 
together,  and  stay  in  this  state  one  night,  and  ^re  taken  to  the  dyehouse  nex  dav 

d:inydlffX'fi?e"orti':hZrs''4^'^  ^^'^^--^  ^^^l^s 

The  thickening  of  mordants  and  colours  is  a  subject  of  very  great  importance  to 
the  printer.    It  is  obvious  that  a  mere  solution  of  salts  or  colouring  maZs  such  as 

penetrate  as  little  as  possible  to  the  other  side  much  bri°h  er  .hnVp  ' 
In  order  to  obtain  the  most  brilliant  shades  of  co^o„     f-c  '  T  P'"°diced. 

act  as  a  sort  of  mirror  behind  the  colour  vhkh  ctnnot  be  "^^'^'^'y  ''^f  eloth 
perfectly  saturated  with  colour.  Independent  of  this  ™t  o/^''  f^'"'^ 
material  follows  from  the  proper  application  of  thl \  J  <='=o°o™y  of  colouring 
only.  This  is  especially  noLe^bleTn'Sder  gld's  rtrl  Z  mS  V"'-  'T. 
m  excess,  is  apt  to  give  up  a  portion  from  the  clmh  in  the  dvXel  L5  ,? ""'''^ 
suming  a  certam  quantity  of  madder  in  pure  loss  dyebeck,  thereby  con- 

rooTvLTilS^^s^ctfmtn^^thr  °V^e  ground  floor,  with  the 

one  end,  or  down  onj  side  "fi'edtran'e  „f ^^^^^^^  finds  a  speedy  exit ;  at 

plied  with  steam  and  cold  water  ColoSns  art  "^^^^^^^^^  '"7"!^  '°  ''^"^  '^'^d  «"P- 
whei^by  they  are  easily  emptied  and  deaned  TvZfj^"^t  ?  '^'"^  °°  P'^°'«' 
by  Messrs.  Storey  &  Co.,  of  Manehester!l  reprfsented  i^^J  3  °4  '  ^^^^^=^""^^'=''^■•'^1 
sists  of  8  double-cased  copper  pans  conMmin^  f       ,  .  -^^'^  ""^"ge  con- 

at  the  top,  wired  at  the  eJg'S  ^^nl^ZlT^ZllZL^ ^l^^^^^^^  '"'-'^d  together 
cast-iron  pillars,  and  are  so  arranged  or  fitted  as  to  swI  vE    '  supported  on 

colour  IS  required  to  be  emptied,  by  meansTa  LassTtuffin  °\  ^^^"^ 
and  working  in  the  corresponding  part  attaLd  to  nil!.!      .?  ^""^  to  pan, 

at  the  other  on  a  plain  brass  nozzlf  sup,  orted  hv^  n  Ji°°  ^°<i  mo.ing 

the  nozzle  having  a  blank  end,  therebrcuttinfoSht^..  projeeting  from  pillar, 
IS  carried  to  the  following  pan  Thev  arl  nl£  r  ^^'"^"""'ation  of  steam,  which 
off  the  waste  steam  and  laLr.'  Each  P  liar  in  7Z^  "^  ^  °°"^'="«e  t^P  to^a  ry 
-ith  a  brass  tap  on  the  top,  with  3  S g^'  '^Vo^tct'^fe'^tf  'T'  ^"PP'i^d 

as  more  fully  explained  hereafter  ^'^'^"^       cold  water  pipes 

37.,  is  a  copper  pipe,  with  one  blank  end,  and  open  at  the  otW  with  flange 
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for  the  admission  of  steam,  which  passes  through  the  downward-hent  pipe  marked  b, 
in  connection  -with  the  brass  tap  on  top  of  pillar,  flie  plug  of  this  tap  being  open  at 
bottom  to  admit  the  steam  down  the  pillar  as  far  as  the  stuffing  box,  marked  e, 
through  which  it  rushes  into  the  casing  of  pans,  and  out  by  the  condense  pipe  d, 
■when  required,  c  is  a  copper  pipe,  with  one  blank  end  and  open  at  the  other,  for  the 
admission  of  cold  water  for  cooling  the  colour  after  boiling,  and  is  likewise  connected 
with  the  tap  on  top  of  pillar,  as  shown  in  fry.  375,  marked/,  the  water  passing  through 
precisely  in  the  same  manner  as  the  steam  in  a.  d  is  the  condense  pipe,  with  one 
blank  end  and  open  at  the  other,  with  flange,  underneath  the  pans,  to  carry  off  the 

375 


„  of.»Tr,        «  suBDlied  with  ground  brass  nozzles  to  fit  the  condense  tap  at 

centre  ..f  ■,t:,^^Xi'l^r^l.  l^l;.rt°l  SeXVo; 

stoppage  in  pillar,  so  far     is  necessary  i  ^^^^ 

M'"  twSt^  fo™  ly^nf  pan"  w^h^KatL  (one  pipe  to  sup?ry  two  pans), 
elbow  swivel  tap,  tor  suPPiy'^S  exactly  opposite  pillar,  as  further  shown  in  fg. 
and  fixed  on  top  of  ^f.^  .^f^^^^  P^P^j^^t? ran|e!  with  pillar'  cut,  in  order  to  show  the 
376  marked  g.     ^'^vf "     ^^tom  of  pin  and  its  connection  with  condense  pipe  and 

apparatus.  .  ,  stirred  well  all  the  time  they  are  being 

^^he  colours  are  placed  in  *//,^Pf"\^°J,Sure  smooth  colours.  This  was  for- 
boiled;  good  stirring  !f Jut  jaLl^^^^^^^^  printworks  have  been  fitted 
merly  done  by  hand  with  a  flat  stick,  "'"'^^'^f^y  very  eff'ectivc  plan  of  this  sort 

with'maehinery  oyer  the  pans  to  stir  -ch  "ca  y.^  Aje^  ^J^^^^^ 

is  represented  in  figs.  378  and  379.  't  reyersible,  though  the  plan  can  be  just 

Chester,  the  boilers  in  this  drawing  being  not  revere. o  e        g      ^^p^^^.^^  _ 

as  easily  adapted  to  that  d«^«;'%°^^°/S„al  p  an,  (he  same  letters  referring  to  al . 

s-^=t:rs:^^^^s:fi^™^ 


CALICO-PRINTING. 


521 


revolves  -with  it  (see  small  cuts)  ; 
the  catch  box  is  -worked  by  a  lever 
handle  d,  and  thus  motion  is  given 
to  the  vertical  shaft  e.    The  shafts 
a  and  e  are  both  supported  by  the 
framework/,  fastened  to  the  wall; 
the  shaft  e  is  terminated  by  the 
frame  g  h  g,  the  centre  of  which,  h, 
is  a  continuation  of  the  shaft  e  ;  and 
the  wings  g  are  hollow  to  carry  the 
shafts  k,  which  are  surmounted  by 
the  cog  wheels  ii,  which  gear  into 
a  cog  wheel  /  on  the  shaft  c.  The 
agitators  n  n  are  made  of  flat  brass 
rod,  and  are  curved  to  fit  the 
bottom;  they  are  connected  with 
the  shafts  A  A  by  a  hook  joint, 
which  is  steadied  by  the  conical 
sliding  ring  m ;  the  agitators  thus 
hang  from  the  shaft  e,  and  nearly 
touch  the  bottom  of  the  boiler. 
When  the  shaft  e  is  put  in  motion 
the  agitators  have  two  movements 


one  round  each  other  and  ako  pnni,  «r,  •    ^S'tators  have  two  movements. 
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stirred.  When  the  colour  is  made,  the  piece  m  is  slid  up  on  ft,  and  the  agitators 
unhooked  and  taken  out,  the  waste  of  colour  bein^  very  trifling,  in  consequence  of 


the  agitators  being  outlines  only.  The  saving  of  labour  efifected  in  a  colourhouse  by 
this  machinery  is  very  great,  as,  after  turning  on  the  steam,  the  pan  may  be  left  to 
itself  till  the  colour  is  finished. 

From  the  great  vai'iety  of  substances  used  in  mordants  and  colours,  of  very  difiFerent 
chemical  properties,  a  variety  of  thickening  substances  is  required.  Chemical  com- 
bination between  the  mordants  or  colour  and  the  thickening  substance  is  to  be  avoided 
as  much  as  possible,  for  such  combination  may  be  regarded  as  so  much  pure  loss,  the 
fibre  of  the  fabric  not  being  able  to  decompose  and  assimilate  them.  Several  circum- 
stances may  require  the  consistence  of  the  tliickening  to  be  varied ;  such  as  the  nature 
of  the  mordant,  its  density,  and  its  acidity.  A  strong  acid  mordant  cannot  be  easily 
thickened  with  starch ;  but  it  may  be  by  roasted  starch,  vulgarly  called  British  gum, 
and  by  gum  arable  or  Senegal.  Some  mordants  which  seem  sufficiently  inspissated 
with  starch,  liquefy  in  the  course  of  a  few  days  ;  and  being  apt  to  run  in  the  printing- 
on  make  blotted  work.  In  France,  this  evil  is  readily  obviated,  by  adding  one  ounce 
of  spirits  of  wine  to  half  a  gallon  of  colour. 

The  very  same  mordant,  when  inspissated  to  different  degrees,  produces  different 
tints  in  the  dye-copper ;  thus,  the  same  mordant,  thickened  with  starch,  furnishes  a 
darker  shade  than  when  thickened  with  gum.  Yet  there  are  circumstances  in  which 
the  latter  is  preferred,  because  it  communicates  more  transparency  to  the  dyes,  and 
because,  in  spite  of  the  washing,  more  or  less  of  the  starch  always  sticks  to  the 
mordant.  Gum  has  the  inconvenience,  however,  of  drying  too  speedily,  and  forming 
a  hard  crust  on  the  cloth,  which  does  not  easily  allow  the  necessary  capillary  attrac- 
tion to  take  place,  and  the  tints  obtained  are  thin  and  meagre.  The  substances 
generally  employed  in  thickening  are ;  — 


1.  Wheat  flour. 

2.  „  starch. 

3.  Torrefied  wheat  starch,  or  British 

gum. 

4.  Torrefied  potato  farina. 

5.  Gum  substitutes  or  soluble  gums. 

6.  Gum  Senegal. 

7.  Gum  tragacanth. 

8.  Salep. 


9.  Pipe-clay  or  china-clay  mixed 
with  gum  Senegal. 

10.  Sulphate  of  lead. 

11.  Molasses. 

12.  Dextrin. 

13.  Albumen  of  eggs. 

14.  Lactarine. 

15.  Gluten. 

16.  Glue. 


Those  most  used  are  the  first  seven.  The  rest  are  only  adapted  for  special  styles  or 
colours  The  artificial  gums  produced  by  roasting  starch  or  farma  are  very  largely 
in  use  '  The  action  of  heat  on  starch  causes  a  modification  m  it.  According  to  the 
degree  of  heat  and  its  duration  a  greater  or  less  modification  ensues  the  higher  the 
heft,  the  more  soluble  in  water  the  gum,  but  also  the  browner  and  of  least  thickening 
nronerties  The  addition  of  various  acids  and  alkalies  to  starch  or  farina  before  cal- 
cination, causes  them  to  become  soluble  at  lower  temperatures  than  ^>tli°"t  j  /.fferent 
acids  also  produce  dilFcrent  results;  those  most  generally  used  are  a"''^' 
muriatic  oxalic,  and  recently  lactic  acid  has  been  proposed  by  Pocbin.  The  piopor- 
Tn  o  add  used  is  very  small,  and,  though  the  effect  is  produced,  tl-  ac^  disappear 
during  calcination.  Sniall  quantities  of  alkalies  are  also  used  for  special  mod>hcat  on^ 
of  thfse  gum  substitutes.    The  making  of  these  gums  is  a  V-ranch  of  i  do 

and  finds  employment  for  large  capital  and  numerous  hands.  In  fJ'-'S  J'^^^^^^f 
for  the  various  colours,  care  will  be  taken  to  specify  the  nature  and  propoition  ot 
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thickening  to  be  employed  for  each  colour ;  a  most  important  matter,  often  neglected 
by  English  writers  upon  calico  printing. 

It  is  often  observed  that  goods  printed  upon  the  same  day,  and  with  the  same 
mordant,  exliibit  inequalities  in  their  tints.  Sometimes  the  colour  is  strong  and  decided 
in  one  part  of  the  piece,  while  it  is  dull  and  meagre  in  another.  The  latter  has  been 
printed  in  too  dry  an  atmosphere.  In  such  circumstances  a  neutral  mordant  answers 
best,  especially  if  the  goods  be  dried  in  a  hot  flue,  through  which  humid  vapours  are 
in  constant  circulation. 

In  padding,  where  the  whole  surface  of  the  calico  is  imbued  with  mordant,  the 
drying  apartment  or  flue,  in  which  a  great  many  pieces  arc  exposed  at  once,  should 
be  so  constructed  as  to  aflTord  a  ready  outlet  to  the  aqueous  and  acid  exhalations.  The 
cloth  ought  to  be  introduced  into  it  in  a  distended  state  ;  because  the  acetic  acid  may 
accumulate  m  the  foldings,  and  dissolve  out  the  earthy  or  metalUc  base  of  the  mordant, 
causmg  white  and  grey  spots  in  such  parts  of  the  printed  goods.  Fans  may  be  em- 
ployed with  great  advantage,  combined  with  Hot  Flues.    See  Ventixation 

The  mordant  and  thickening,  or  the  dye  decoction  and  thickening,  being  put  in  one 
of  the  copper  pans,  is  stirred  by  hand  or  machinery  and  boiled  till  perfectly  smooth  • 
the  steam  then  being  shut  off,  cold  water  is  admitted  to  the  double  casing,  and  the' 
colour  cooled.  It  is  then  emptied  out  of  the  pan  into  a  straining  cloth,  stretched  over 
a  tub,  and  strained  to  remove  aU  gritty  particles,  which  would  be  very  injurious  to  the 

??^1?f? c  M  n  ^''^/''^  '^^"^'''^         l^een  recently  invented  by 

DolUus  Mieg  &  Co.  and  patented  in  this  country.  This  machine  is  shown  in 
fy.  381.  It  consists  of  a  case  or  eyhnder,  in  which  a  piston  is  worked,  either  by 
hand  or  power,  to  press  the  colour  through  a  cloth  made  of  cotton,  linen,  hair  or 
other  suitable  material  at  the  bottom  of  the  case  or  cylinder;  or,  instead  of  the 
cloth,  a  wire  gauze  may  be  used.  The  bottom  of  the  piston  may  be  made  of  wood 
copper,  brass,  guttapercha  caoutchouc,  or  other  suitable  material.  The  manner  of 
Zltll  the  apparatus  will  be  cleariy  understood  by  reference  to  the  dryings  in 
jh,ch  Jig.  .38  IS  a  side  elevation  of  the  said  machine  or  apparatus,  and  fig.  38Ta  front 
elevation  of  the  same,  a  represents  the  case  or  cylinder,  which  is  stenXned  2 
Its  upper  part  by  he  iron  band  b,  and  also  at  its  lower  part  by  the  rinf  a  The 
ske  etou  plate  b  which  forms  the  bottom  of  the  cylinder,  is  removable  and  sustained 

act  upon  two  of  the  hooks  c,  so  as  to  throw  them  out  from  under  the  erid  i  TTnnn 

ia^ro^the  fonJ  f  "  ".'"'^^  ^"PP°^'^  '"^^  circula;  Ud  e^"  ^iie  JpZ 
parts  ot  the  four  hooks  c  lay  upon  four  inclined  planes  fitted  on  the  nna^  7  tZ 

vessel  under  it  for  the  nurnosp  ■  -inH  K„  o  ^  ^'      °^  received  in  a 

raised  from  the  notch  A  on  the  frnmp  t  /h.i    t        ^""^^^^^  ^-  '^'^'clies  being 

^^^^^^^  ^  -  -    ^  ife 

as^htrtL'maStfiiCetadTt^^^^^^  P^^'  ^^.''^'^-^'^  -       --e  manner 

by  block.    Some  substaLes^ro  can  r^'ed  ^  nn'J  ^^PP''^^ 

to  machine,  such  as  pipe-clay  and  chiWw  wi?"  v,  ^      °^         '^'^  inapplicable 

•pol  but  th.  ,r.d.  h.vi.r.' "  "  P"»<-w„rk,  ,„e  „.Je  on  U,e 

BordaDt,  »iiadecoolion.ofdTC,ood  Ts  not  ,        the  manufacture  of  the  various 

no.  o.„  ...ea  for  h^.elfa  few  '.nS'/oSSttS'^S  ;;,t&f  ^fhS 
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colour  maker,  who  is  generally  a  well  paid  and  r^ponsible  seryant,  is  to  combine 
these  primary  materials  so  as  to  form  the  different  colours  required  for  the  different 
styles  of  work  ;  as  the  taste  of  customers  varies,  he  is  required  to  be  able  to  make  any 
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•  f  „f  sTiidp  at  will  and  be  able  to  judge  of  the  quality  of  the  various 
^at'eYarSLfedt  Mm!  "¥he  ordinary  decocU  that  are  kept  in  stock  in  the 
colour  department  are  :  — 

Gall  liquor. 
Persian  berry  liquor. 
Cochineal  liquor. 
Fustic  liquor, 


Logwood  liquor 
Peachwood  liquor. 
Sapan  liquor. 
Quercitron  bark  liquor. 
And  the  various  mordants  and  solutions  are:  — 
Bed  liquor,  or  acetate  of  1  Protochloride 

alumina, 
Iron  liquor,  or  acetate  of 
iron. 

Buff  liquor,  or  pyrolignite 

of  iron. 
Pernitrate  of  iron. 
Permuriate  of  iron. 
Protomuriate  of  iron. 


Catechu  liquor. 
Ammouiacal  cochineal 

liquor. 
Extract  of  indigo. 


of  tin  in 

solution. 
Oxymuriate  of  tin  in  solu- 
tion. 

Nitrate  of  copper  in  solu- 
tion. 

Acetate  of  copper  in  solu- 
tion. 
Lime  juice. 


Ammonia  liquor. 
Acetic  acid. 
Pyroligneous  acid. 
Nitric  acid. 
Muriatic  acid. 
Sulphuric  acid. 
Caustic  soda  liquor. 
Caustic  potash  liquor. 
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Many  other  dry  acids  and  salts  are  also  kept  in  stock.  For  the  constitution  of  the 
various  mordants  and  their  preparation  see  Mordants. 

It  would  be  impossible  to  particularise  all  the  styles  of  calico  printing.  The  variety 
is  infinite ;  but  they  may  be  broadly  classed  as  follows  :  — 

I.  Madder  styles,  varieties  of  which  are  — 

a.  The  simplest  form  is  a  pattern  printed  in  mordants  on  white  ground,  such  as 
black  and  red;  black,  red,  and  purple;  black  and  two  reds,  &c,  chocolate  being  some- 
times substituted  for  black,  and  brown  from  catechu  being  also  introduced;  these  are 
dyed  with  madder,  the  ground  remaining  white. 

b.  Any  or  all  of  the  above  mordants,  together  with  lime  juice,  technically  termed 
acid,  printed,  and  a  fine  pattern  printed  all  over  or  covered  in  purple  or  light  chocolate, 
then  dyed  madder.  In  this  style  the  red  is  a  peculiar  one,  termed  resist  red ;  and  the 
result  when  dyed  is,  that  the  acid  and  red  have  prevented  the  purple  or  chocolate 
fixing  on  those  parts,  the  red  remaining  pure  and  the  acid  having  formed  a  white,  the 
rest  of  the  ground  being  covered  with  the  fine  pattern  or  cover;  of  this  style  large 
quantities  are  printed  in  black,  purple,  and  acid,  and  covered  in  paler  purple,  the 
cover  roller  being  any  small  full  pattern,  and  this  not  being  required  to  fit  to  the  other 
pattern,  a  great  variety  of  effects  may  be  produced  by  varying  the  cover  :  often  a  still 
weaker  purple  is  padded  or  blotched  in  a  plain  shade  all  over  the  piece,  and  in  this  case 
the  only  white  in  the  pattern  is  that  reserved  by  the  acid. 

c.  The  French  pink  style,  which  is  wholly  various  shades  of  reds  or  pinks,  and  is 
printed  in  one  or  more  shades  of  red  and  acid,  then  covered  or  blotched  in  pale  red, 
then  dyed  madder  and  subjected  to  a  peculiar  clearing  with  soap,  whereby  pink  shades 
of  very  great  delicacy  are  obtained. 

All  these  are  what  are  termed  fast  colours,  and  having,  after  dyeing,  undergone 
severe  soaping,  cannot  be  altered  by  the  usual  domestic  washing  process. 

II.  The  same  styles  are  dyed  with  garancin  instead  of  madder ;  heavier  and  darker 
colours  bemg  employed.  These  goods  are  not  soaped,  garancin  producing  bright 
colours  at  once,  but  the  shades,  though  still  classed  as  fast  colours,  do  not  possess  the 
permanence  of  (hose  dyed  with  madder. 

III.  The  first  style  is  frequently  relieved  by  lively  colours,  such  as  green  blue 
yellow,  &c.,  blocked  in  after  dyeing  and  clearing ;  these  colours  are  generally  what 
are  termed  steam-colours,  being  fixed  by  steaming  the  cloth,  and  afterwards  washinff 
m  water  only,  or  the  prmted  or  dyed  pattern  is  covered  with  a  resist  paste  blocked 
on,  and  various  shades  of  drab,  slate,  buff,  &c.,  printed  with  a  small  pattern  all  over  • 
sometimes  these  colours  are  mordants,  to  be  subsequently  dyed  with  cochineal  auer' 
citron  bark,  &c.,  or  they  may  be  colours  composed  of  dyewood  decoctions,  mixed  with 
mordants,  and  are  fixed  by  passmg  through  soda  or  other  solutions.  The  result  in 
either  case  bemg  that  the  original  pattern,  generally  a  group  of  flowers,  being  pro- 
tected by  the  paste  which  prevented  the  subsequent  colour  fixing  there,  stand  out 
pure  the  rest  of  the  ground  being  covered  by  the  smaU  pattern  or  cover.  White  mav 
be  also  reserved  by  the  paste,  and  frequently  these  white  parts  are  blocked  with  bluT 
yellow,  green,  &c.,  as  before. 

IV.  Padded- styles -In  these  the  cloth  is  first  padded  (as  will  be  hereafter  exnlainedl 
all  over  with  a  liquid  mordant,  dried  and  printed  in  spots  or  figures  wUh  strong  add 
or  discharge  as  it  is  called,  then  put  through  the  dyeing  operations  necessary  for  the 
shade  reqmred;  the  printed  spots  remaining  white,  aSd  the  rest  of  the  piece  one 
plain  shade.    The  white  portions  are  frequently  relieved  by  steam-colours  blocked^ 

V.  Indigo-blue;  a  style  of  considerable  importance.    In  this,  a  resist  paste  eithe; 
alone  or  accompanied  by  resist  yellow,  or  orange  mordant  is  nrS  on  wl"? 

tated'  '"^'^  ^'PP^'  '"-^^  '°^S0  vat,  till^he  shade  ^/bl'uetanted  il  ob 

tamed.    K  yellow  or  orange  is  present,  these  colours  are  raised  with  bichromate  of 
potash  liquor.    The  peculiar  colours  printed  in  this  style  have  the  Dronertl  nf  I 
venting  the  indigo  fixing  on  the  printed^arts,  and  the  re's ult  is  dark  bKou^^^^ 
Vl'  T^F',^"  yellow  spots,  steam  colours  being  sometimes  blocked  in^he  whUe 

VI.  China-blues,  a  modification  of  the  nd  go- blue  stvle  but  in  thw  ^acl  »i  ^^ues. 
is  produced  by  indigo  colours,  printed  on  white  clo  h    the' pieces  are  nex^^^^^^^^^ 

a  peculiar  process  fix  ng  the  indigo  in  the  cloth         1^  u  v  •  ^ 

..hite  grouni    All  indifo  .ijlJ^.Z  o^vtt^^^:,.  '''''''  ^^""^         ^g-res  on 

VIJ.  J  ur/tey  red  and  discharge.— On  dyed  Tuikpv  rprl  M^ti,         •  .  ^ 
acid  solutions  mixed  with  pigments  or  salt  of  IpT  •  . ^° ^ 

through  chloride  of  lime  soluL^n,  wten  ch  o  ne  i  eltittedTv  fJ/'^f  T  ^^^^^^ 
discharges  the  red.  The  pigments  or  \e^A^^u\J  Z  l  a  •  ^  ^""^  colours,  and 
time,  after  washing  and  chE  rwhert  y  L^^^^^^^ 

presents  a  pattern,  bitten  as  it  were!n  the  Tur'k  y  ^^^^  BkT- P'^^« 

along  with  the  other  colours.  A  modification  of  thif,?vi  -  ,f  ^'^^  .'^  also  pnnted 
danna  style  used  for  handkerchiefs.    Tu'rCredllo^L^r^rd a^dtX  p^r^^^ 
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on  a  leail  plate  perforated  witli  a  pattern.  When  a  sufficient  number  of  folds  are 
made  on  tliis  plate,  a  precisely  similar  plate  is  put  cm  the  top,  so  as  to  register  accu- 
rately with  the  bottom  one;  pressure  being  now  applied,  the  cloth  is  squeezed  tightly 
between  the  two  plates,  a  top  being  opened  above  the  upper  plate,  solution  of  chlorine 
is  forced  through  the  perforations,  and  in  its  passage  through  the  cloth,  discharges 
the  dye;  the  chlorine  liquor  is  followed  by  water,  and  the  operation  is  finished:  the 
pieces  when  removed  from  the  press  being  discharged,  according  to  the  pattern  of  the 
lead  plates. 

VIII.  Stcam-cohws. — In  this  style  colours  are  formed  from  mixtures  of  dyewood  ex- 
tracts and  mordants,  together  with  various  acids  and  salts,  and  being  printed  on  calico 
which  has  been  mordanted  with  peroxide  of  tin,  the  pieces  are  exposed  to  steam  at  212° 
in  close  vessels,  which  causes  an  intimate  union  of  the  calico  with  the  dyewood  extract 
and  mordant,  so  that  subsequent  washing  with  water  removes  only  the  thickening  sub- 
stance, and  leaves  the  cloth  dyed  according  to  the  pattern  in  various  colours.  Woollen 
fabrics  and  de  laines,  are  always  printed  in  this  manner,  and  also  often  silk;  animal 
fabrics  not  being  well  adapted  for  mordanting  and  dyeing  in  the  same  manner  as 
cotton  fabrics,  owing  to  the  peculiar  property  of  wool  to  absorb  colouring  matters, 
which  renders  the  obtaining  of  whites  an  impossibility  where  the  wool  is  steeped  in 
a  dye  decoction.  These  steam-colours  are  very  brilliant  and  tolerably  permanent  to 
light,  but  do  not  withstand  hot  soap  solution  which  alters  their  shades. 

IX.  Spirit-colours  are  made  in  somewhat  the  same  manner  as  the  steam-colours,  but 
contain  larger  quantities  of  mordant  and  acid,  and  will  not  bear  steaming,  because  the 
calico  would  be  too  much  tendered  by  the  acid,  and  are  therefore  only  dried  and  hung 
up  a  day  or  two,  and  then  washed  in  water.  They  are  the  most  brilliant  colours,  but 
generally  fugitive  and  are  not  much  used. 

X.  Bronzes,  formerly  a  style  in  large  demand,  but  now  almost  obsolete  ;  done  by 
padding  the  cloth  in  solution  of  protochloride  of  manganese,  precipitating  the  oxide 
by  means  of  alkali,  peroxidising  this  by  chloride  of  lime,  and  then  printing  on 
colours  composed  of  protochloride  of  tin  and  pigments  or  decoctions  ;  the  protochloride 
of  tin  immediately  deoxidises,  bleaching  the  brown  oxide  of  manganese,  and,  where 
mixed  with  decoctions  or  pigment,  leaving  a  dyed  pattern  cutting  through  the  g'  ound. 

XI  Pigment-printing.— The.  colours  in  this  class  are  the  same  pigments  as  used  by 
painters,  such  as  Scheele's  green,  ultramarine  blue,  chrome  yellow,  &c.,  and  being 
quite  insoluble  in  water  are,  so  to  speak,  cemented  to  the  fibre.  The  vehicle  used 
for  fixin"-  these,  is  generally  albumen,  which  coagulates  when  the  cloth  is  steamed,  and 
imprisons  both  cloth  and  fibre  with  the  coagulum  ;  of  course  these  colours,  though  not 
altered  in  shade  by  soap,  are  detached  in  part  by  severe  treatment,  such  as  rubbing,  &c. 

First  Style  :  Madders. 

Madder  stiles  being  the  most  important,  demand  the  most  detailed  descriptions. 
The  colours  used  are  of  the  class  termed  mordants,  which,  not  colourmg  matters  them- 
selves, act  by  combining  with  both  cloth  and  colouring  matter.  They  are  generally 
the  acetates  or  pyrolignites  of  iron  and  alumina.  „  ,     .  ,  ^  ^ 

Red  Liquor  is  the  tlchnical  name  of  the  pyrolignite  of  alumma  used  as  mordant 

^'^^iTmLkiucyr  is  the  pyrolignite  of  iron  used  as  mordant  for  black,  purple,  &c. 

The  preparaUon  of  these  liquors  on  a  large  scale  forms  a  separate  business,  and  will 
be  found  described  under  the  head  Mordants.  nnrnlp 

Fixina  Liauor—Yov  a  long  time  it  has  been  customary  to  add  to  black  and  purple 
co£s  o7  mordants,  some  substance  which  has  a  tendency  to  prevent  the  oxide  of 
colours,  or  '  „  ueroxide.    The  oxide  of  iron  necessary  to  produce 

irbeTre'X^ith  ma?der  is  Tmixfure  of  protoxide  and  peroxide  of  iron  pro- 
bably the  black  m  magnetic  oxide,  though  this  point  is  not  precisely  determined  If 
?he  oxide  should  pass  to  the  red  oxide  state,  inferior  shades  are  produced ;  and  the 
fblect  of  the  printer  introducing  fixing  liquor  into  hL.  colour  is  to  prevent  this  m- 

^'tTc  Sest  fixing  liquor  used  was  a  solution  of  arsenious  acid;  and  though  oth^ 

'In  tH  Mr.  John  Mercer  patented  an  assistant  mordant  liquor  for  the  same 
purpose,  which  was  made  as  follows :  —  o-nllons  nitric  acid,  specific 


gravity 
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amongst  these  ingredients  is  allowed  to  proceed  till  the  nitric  acid  is  destroyed.  To 
the  residuum  thus  produced  is  added  50  gallons  of  pyroligneous  acid,  and  the  com- 
pound is  the  assistant  mordant  liquor  in  a  fit  state  to  add  to  the  various  mordants  used 
in  printing  and  dyeing.  The  intention  in  making  this  liquor  is  to  carry  on  the  de- 
composition of  the  nitric  acid  and  starch  as  far  as  possible  without  forming  oxalic 
acid,  and  as  little  as  possible  of  carbonic  acid,  which  is  gently  aided  by  the  catalytic 
action  of  the  oxide  of  manganese,  preventing  the  formation  of  oxalic  acid.  Appa- 
rently there  is  formed  by  this  process  saccharic  acid,  or  an  acid  in  a  low  state  of 
oxidation,  which  is  the  active  agent  in  preventing  the  peroxidisement  of  the  iron 
when  added  to  purple  mordants.  This  liquor  has  been  largely  used,  and  is  still  pre- 
ferred by  some  printers.  Of  late,  various  fixing  liquors  have  been  made  and  sold  by 
manufacturing  chemists,  pyroligneous  acid  and  arsenious  acid,  or  arsenite  of  soda, 
forming  the  staple  of  them  ;  some  of  these  have  chlorate  of  potash  added,  the  object 
being  the  formation  of  arseniate  of  iron  when  the  cloth  is  dried,  whereby  the  acetic 
acid  IS  more  speedily  driven  off;  and  since  arseniate  of  iron  does  not  pass  beyond  a 
certain  degree  of  oxid^ement  m  the  air,  the  mordant  is  kept  in  a  proper  state  for 
dyeing  good  colours.    The  following  is  also  a  good  purple  fixing  liquor  -  — 

No.  3.  Purple  fixing  Liquor. —Boil  together  till  dissolved  2  gallons  water,  25  lbs 
soda  crystals,  22|  lbs.  arsenious  acid.  When  dissolved,  add  to  50  gallons  wood  acid 
previously  heated  to  120°  F. ;  let  stand  for  a  day  or  two  tiU  the  tar  of  the  acid  is 
settled,  and  add  3  quarts  muriatic  acid. 

The  following  madder  colours  are  from  some  in  practical  use,  and  though  almost 
every  colour-maker  has  different  receipts  for  his  colours,  they  may  be  taken  1^6- 
presen  the  general  pnnciples  on  which  these  colours  are  composed 
V    •/1?„*^'?  the  thickening  substance  is  first  beaten  up  with  a  little  of  the 

31  r  \^°f  r'^^'"'-^''"'^  ^'^P^'  t^*^"  remainder^f  the  liqu  d  added 
itZ  Tootd,  andltrSed^!'"-"'  ^"-^^^^--^  ^'^-P-'  '^^^^ 

r.^^^v'^'  -^'"^'^./°'-,^a^/u„e(JJfarf,/eO.-4  gallons  iron  liquor  at  24°  T  4  gallons 
pyroligneous  acid  4  gaUons  water,  24 lbs.  flour;  boil,  and  add  1  pint  oil.     '  ^ 
24°  T    1 1  inM         Garancm  {Machine).  -  U  gallons  water,  3  gallons  iron  liquor  at 

No  fi  ^if  r  T?^^.''?/  ^''ir'"  24  Its.  flour,  1  pilt  oil.  ^ 

floJ?'     ^"'■^■'■*'^>"  iMachine-).  -  12  gallons  red  liquor  at  18°  T.,  24  lbs 

JNo.  8  and  3  of  gum  water.  No  9  .  ^i".  o  pd,ie  lea  is  i  ot 

JNo.  9.  3  Ibs.'Gum-snbstitute  Waler.  — 10  eallons  wafpr  -in  ik»    ^  t,  • 

No.  5  in  the  list  of  thickeners.  ^  '  ^°  substitute, 

liauor  T'"'^orl"  ''f  ^t'^  iMachine),  see  Mohdants.  -  12  gallons  resist  red 
crystals                    ^°"'*'  '^^-ly        "dl  ^2  lbs.  ^of  muriate  of  tin 

No.  \\.  Dark  resist  red  Machine.  Same  fl<!  Nn  in  K„t  e  r 

gallons  iron  liquor  at  24°  T   Q  ^  '^^ocolale  {madder)  (machine) -.—s 

No.  6  Chocolatr-1  I  galL  i;onS^  at  24°'t    6*  Z      ''i't-  ' 

14  lbs.  flour,  i  pint  oiL  ^  ^"  ^  gallons  red  hquor  at  18°  T., 

gaiLns'tatfrsf  Ibf  flSr  (^^-'"■-)-  1°  gallons  red  liquor  at  18°  T.,  2 

hours,  then  add  4i  gallons  acTtic  act  f       t  i  F  T  '^s.  catechu  ;  boil  6 

out,  and  let  stand  af  hours,  and^d^   n^  the  cleaT^'w  T^'  ^^"""^  ^^^^ 

sal  ammoniac,  dissolve,  and  leave  to  settle  48  hom'.    f     '°  ^-       ^^d  96  lbs. 

^ith  4  lbs.  of  gum  Senegal  per  gallon!  and  thicken  ii 
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No.  18.  Brown  Colour  for  Madder  {Machine)  4  gallons  No.  17,  1  gallon  ace- 
tate of  copper  (No.  19),  2  quarts  acetic  acid,  2  quarts  gum  Senegal,  water  4  lbs. 
per  gallon. 

No.  19.  Acetate  of  Copper.  —  1  gallon  hot  water,  4  lbs.  sulphate  of  copper,  4  Ibf. 
white  acetate  of  lead  ;  dissolve,  let  settle,  decant  the  clear,  and  set  at  1 6°  T. 

No.  20.  Brown  for  Madder  {Machine). —  7  gallons  of  No.  17,  li  gallon  of  No.  19, 
1^  gallon  gum  red  (No.  21). 

No.  21.  Gum  red.— 3  gallons  red  liquor  at  18°  T.,  12  lbs.  gum  substitute;  boil. 

No.  22.  Brown  for  Garancin  {Machine). — 2  gallons  of  No.  18,  1  gallon  4  lbs. -gum- 
substitute  water. 

No.  23.  Brown  for  Garancin  {Machine).— 2  gallons  No.  17,  3|  gallons  4  Ibs.-gum- 
substitute  water,  3  quarts  acetic  acid,  3  quarts  No.  19. 

No.  24.  Drab  for  Madder  {Machine).— 4  gallons  No.  17,  1  gallon  protomuriate  of 
iron  at  9°  T.,  3  gallons  No.  19,  1  gallon  4  Ibs.-gum-substitute  water.  .For  garancin, 
add  4  gallons  gum  water  instead  of  1  gallon. 

No.  25.  Drab  for  Madder  {Machine).— 5  gallons  No.  24,  1  quart  muriate  of  iron 
at  9°  T.,  5  gallons  4  Ibs.-gum-substitute  water,  3  quarts  No.  19. 

No.  26.  Madder  Fawns  are  made  by  adding  to  madder  drab  -^th,  or  so,  of  red 
liquor,  according  to  the  shade  wanted. 

No.  27.  Madder  Purples. — Iron  liquor,  mixed  with  purple  fixing  liquor,  is  diluted 
with  gum  water  according  to  the  shade  wanted.  For  instance,  No.  4  purple  for 
madder  {machine) : — 1  gallon  of  iron  liquor  at  24°  T.,  2  gallons  No.  3,  4  gallons  farina 
gum  water  No.  28.  No.  12.  purple  : — 1  gallon  iron  liquor  at  24°  T.,  2  gallons  No.  3, 
12  gallons  No.  28. 

No.  28.  Dark  Farina  Gum  Water. — 10  gallons  water,  60  lbs.  dark  calcined  farina; 
boil. 

No.  29.  Garancin  Purples  are  reduced  from  iron  liquor  to  the  shade  wanted  with 
the  following  gum: — 20  lbs.  light  British  gum,  8  gallons  water,  1  gallon  purple  fixing 
liquor  No.  3  ;  boil  well,  then  take  out,  and  let  stand  3  or  4  days  before  using.  Colour: 
1  measure  iron  liquor,  8,  10,  20,  30,  &c.,  of  the  above  gum,  according  to  shade  wanted. 

No.  30.  Padding  Purples.  —  Reduce  to  shade  with  the  following  gum: —  6|  gallons 
water,  1  gallon  No.  3,  1  quart  logwood  liquor  at  8°  T.,  9  lbs.  flour ;  boil,  and  add  5 
quarts  farina  gum  No.  28.  For  instance,  70-padding  purple  for  machine  : — 1  gallon 
iron  liquor  at  24°  T.,  70  gallons  of  the  above  gum. 

Block  colours  are  made  from  any  of  the  preceding  receipts,  by  making  them  a  little 
thinner. 

No.  31.  Alkaline  red  Mordant.  —  In  a  vessel  capable  of  holding  12  gallons,  put 
10  lbs.  alum,  and  dissolve  with  5  gallons  boiling  water,  then  add  gradually  3  quarts 
caustic  soda  at  70°  T.,  mixed  with  1  gallon  cold  water,  fill  up  with  cold  water;  let 
settle,  decant  and  repeat  the  washing  till  the  clear  liquor  is  tasteless  ;  filter  to  a  pulp, 
take  off,  and  add  to  it  5  pmts  caustic  acid  at  70°  T.  ;  boil  down  to  3  gallons,  add  9  lbs. 
dark  gum  substitute,  and  boil  again  a  short  time. 

No.  32.  Pale  red  Alkaline  Mordant.  —  1  measure  of  the  above  colour  and  2  or  3 
measures  of  dark  gum-substitute  water. 

No.  33.  10  Acid.—\  gallon  lime  juice  at  10°  T.,  lib.  starch  ;  boil. 

No.  34.  20  Acid. — 1  gallon  lime  juice  at  20°  T.,  1  lb.  starch  ;  boil. 

No.  35.  30  Acid. — 1  gallon  lime  juice  at  30°  T.,  I  lb.  starch  ;  boil. 

No.  36.  Acid  Discharge. — 1  gallon  lime  juice  at  22°  T.,  1  lb.  bisulphate  of  potash; 
filter,  and  thicken  the  clear  with  1  lb.  starch. 

No.  37.  Acid  Discharge. — 1  gallon  lime  juice  at  28°  T.,  2  lbs.  bisulphate  of  potash; 
filter  and  thicken  the  clear  with  5  lbs.  dark  British  gum. 

In'the  last  two  colours,  the  bisulphate  throws  down  a  quantity  of  flocculent  matter, 
which  has  to  be  filtered  out  _  „  r„     ,     „  .  , 

No  38.  Reserve  Paste. — 3^  gallons  lime  juice  at  50°  T.,  2^  gallons  caustic  soda  at 
70°  T  ;  heat  to  boil,  then,  in  a  separate  vessel,  beat  up  56  lbs.  pipeclay  with  3f  gal- 
lons boiling  -water,  and  add  3^  gallons  6  lbs. -gum-Senegal  water ;  add  to  the  other 
solution,  and  boil  20  minutes.  _  .  . 

No  39  Reserve  Paste  4  gallons  lime  juice  at  60°  T.,  3  gallons  caustic  soda  at 

70°  T.  ;  boil,  and  add  48  lbs.  pipeclay  beat  up  with  2  quarts  boUing  water,  and  4  gal- 
lons 6  lbs.- gum-Senegal  water ;  boil  20  minutes. 

The  above  two  pastes  are  used  for  blocking  on  madder-work,  to  protect  the  pattern 
from  the  following  covering  shades,  which  are  raised  with  quercitron  bark,  &c.  &c. 
No.  38  is  a  paste  used  where  there  are  only  black  and  reds  to  preserve,  and  No.  39  is 

used  where  there  is  also  purple.  .  , 

Covering  Shades. 

No.  40.  5  Drab.  —  1  quart  iron  liquor  at  24°  T.,  5  quarts  water,  2^  lbs.  light 
British  gum. 
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No.  41.  10  Drab.  — I  quart  iron  liquor  at  24°  T.,  10  quarts  -water,  4AIbs.  light 
British  gum.  ° 

No.  42.  5  Drab.  —  1  quart  iron  liquor  at  24°  T.,  1  quart  red  liquor  at  20°  T.,  5 
quarts  water,  2^  lbs.  light  British  gum. 

No.  43.  10  Drab.  —  1  quart  iron  liquor  at  24°  T.,  1  quart  red  liquor  at  20°  T  10 
quarts  water,  5  lbs.  light  British  gum. 

r  P^'^e-— 2  gallons  red  liquor  at  12°  T.,  1  gallon  iron  Uquor  at  14°  T.,  6  lbs. 

light  British  gum. 

V  ^X^^''  P''"^— 3  gallons  red  liquor  at  18°  T.,  2  gaUons  iron  liquor  at  8°  T.,  10  lbs. 
light  British  gum.  >  " 

lighlVritishlu,^^  ^°       ^  •J"^'"'         ^^l""""      12°  T.,  4  lbs. 

lightVrLhlu "^""'^  ^'  '°    -  '  at  12°  T.,  5^  lbs. 

24o^^.,io^ttht^H:;r/u^:^^^^^^^^^         ^  ^^^^^  ---i'^-  at 

No.  49.  Slate.— 3  quarts  logwood  liquor  at  8°  T.,  2  quarts  iron  liquor  at  24°  T  i 
quart  red  liquor  at  18°  T.,  1  quart  No.  50,  7  gaUons  wlter,  18  lbs.  li^rBritiSh  Jum^ 

stir''o;e?sioS[;^?rX7d;^,;X^^^^^^^  '  ^^'^"^  gallons  water; 

No.  51.  Hazel.— 4  quarts  brown  No.  18,  2  quarts  bark  linuor  at  10°  T    i  T,;.t  i«„ 

S?'~i'T'j°'?"'i,°'J''"  "  >  P»'  -'""t  of  copper  at  100°  T 

ceased,  boil  down  to  3  gallons    ^'^'^''''"y  ^ ^"S^' '  ^^^^'i  tl^e  etfervescence  has 

I  f  •  ef  h|raf  r^^^^^^^^^^^^^^  (-3^,  per  .^on,  2,  quarts  No.  55. 

brow"  No.fr-~'  ^'"""^  '''''''  '  ^^'^""^^  8oz.-gum-tragacanth  water,  ^  gaUon 

fo.  11:  %t;7'agf^ZX!t%  '  gfj''^i-g--t-gacanth  water, 
powder;  stir  occasionally  for  3  days"       ^       '  ^        ^'^'^  tragacanth  in 

perl°:  sl-lb'IS^^SS;^^^^^^^^  --^'go  -  pulp,  24  lbs.  cop. 

off  the  clear  liquor,  and  reverv  10  ealloL  ^"'-^         ^^t  settle,  and  draw 

filter  on  flannel  to  a  thick  Jlste    ^         ""^^  ^  P""*  muriate-of-tin  liquor  at  120°  T.; 

qua";";  of  w2n  ^"^'^"^-^  No.  60,  6  oz.  muriate-of-tin  crystals,  3 

yellow,  when  put  on  a  piece  of  glass  an  iron  pot  till  perfectly 

No  62.  (Block).— 1  quart  No  62  19  •  ,     .  • 

""K?  ?rten -i-i^p  ii^i-™—  o.-. 

of-tin  crystals.  ^       '  ^  q'larts  lead  gum  No.  64,  i  lb.  muriate- 

disS-4'anii^^^^ 

of  tht  mX:  ar^'XXing^h^^  ^;o'ds^'e  V'"^''  I '°  «  °-  ^  -re 

or  two,  then  brought  to  the  d/e-ho^use    S  fir  t  oZiZ      'T^'S  ^  day 

which  IS  the  same  in  principle  ^or  all  ^arietiL  of  '"'"^d 
It  IS  an  operation  the  carefiU%erformance  of  which  i^^^^^^  g*'"'^^'  and  as 

oXtr's-r?S;i„?^^^^^^ 

^Z^d^t^^^^'  p-o«  on. 

'  rs.4ixHF  " 

MM 
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4.  Neutralising  the  acids  which  may  have  been  added  to  tlie  mordants,  and  which 
otherwise  would  dissolve  in  the  water  and  weakei^^the  eolours. 

5.  The  formation,  in  the  case  of  iron  mordants,  of  a  compound  of  oxide  of  iron,  and 
certain  organic  or  inorganic  acids  which  will  not  become  peroxidised  beyond  a 
certain  point.  The  use  of  cow's  dung,  derived  from  India,  has  been  continued  down 
to  the  present  time,  though  for  several  years  printers  have  largely  introduced  various 
substitutes. 

No  very  exact  analysis  has  been  made  of  cow  dung.    Morin's,  which  is  the  most 
recent  and  elaborate,  is  as  follows  :  — 

Water  70-00 

Vegetable  fibre  24-08 

Green  resin  and  fat  acids  -      -       -      -      -      -  1-52 

Undecomposed  biliary  matter    -----  0-60 

Peculiar  extractive  matter  {bubuline)  -      -       -       -  1-60 

Albumen  0-40 

Biliary  resin    -       --       --      --      -  8-80 

According  to  M.  Koechlin's  practical  knowledge  on  the  great  scale,  it  consists  of  a 
moist  fibrous  vegetable  substance,  which  is  animalised,  and  forms  about  one-tenth  of 
its  weight;  2,  of  albumen  ;  3,  of  animal  mucus;  4,  of  a  substance  similar  to  bile ,  5, 
of  muriate  of  soda,  muriate  and  acetate  of  ammonia,  phosphate  of  lime,  and  other 
salts  ;  6.  of  benzoin  or  musk. 

Probably  the  hot  water  in  which  the  calico-printer  diffuses  the  dung  exerts  a 
powerful  solvent  action,  and  in  proportion  as  the  uncombined  mordant  floats  in  the 
bath  it  is  precipitated  by  the  albumen,  the  animal  mucus,  and  the  ammoniacal  salts  ; 
but  there  is  reason  to  think  that  the  fibrous  matter  in  part  animalised  or  covered 
with  animal  matter,  plays  here  the  principal  part;  for  the  great  affinity  of  this  sub- 
stance for  the  aluminous  salts  is  well  known.  .  ,     ,  v  j 

It  would  appear  that  the  principal  function  of  dunging  is  to  hinder  the  uncombined 
mordant  diffused  in  the  dung  bath  from  attaching  itself  to  the  unmordanted  portion 
of  the  cloth,  as  already  observed;  for  if  we  merely  wished  to  abstract  the  thickening 
stuffs,  or  to  complete  by  the  removal  of  acetic  acid  the  combination  of  the  akiminous 
base  with  the  goods,  dung  would  not  be  required,  for  hot  water  would  suffice.  In 
fact,  we  may  observe,  that  in  such  cases  the  first  pieces  passed  through  the  boiler  are 
fit  for  dyeing ;  but  when  a  certain  number  have  been  passed  through,  the  mordant  now 
dissolved  in  the  water  is  attracted  to  the  white  portions  of  the  cloth  while  the  free 
acid  impoverishes  the  mordanted  parts,  so  that  they  cannot  afford  good  dyes,  and  the 

blank  spaces  are  tarnished.  ,       j         *  v;T,n 

It  seems  to  be  ascertained  that  the  mordant  applied  to  the  cloth  does  not  combine 
entirely  with  it  during  the  drying ;  that  this  combination  is  "^"f  ^^J^f ,  P'^^"!* 
cording  to  the  strength  of  the  mordants,  and  the  circumstances  of  the  drymg  ,  that 
the  operation  of  dun^  or 

the  cloth  with  the  aluminous  base  now  inso  uble  m  water;  J^^^* 
contain  a  very  minute  quantity  of  acetic  acid  or  sulphate  of  dumina  ;  that  a  long 
Z  lTtion  In  L^er  impoverishes  the  mordant  but  a  little;  and  that  even^^^^^^  the 
liquid  does  not  contain  any  perceptible  quantity  of  acetate  or  B">Ph*te  o^  akmina 

A  very  able  and  learned  memoir  upon  this  subject  by  M.  P^not  Protessor  oi 
Chtmistry  appeared  in  the  Bulletin  of  the  Society  of  Mulhausen,  "J,0«t°^.e,y^^|34  X 
an  iSeSli^commentary  upon  it,  under  the  title  of  a  Report  by  M.  Camille  K<Bchhn, 

ExoerVnce  has  proved  that  dunging  is  one  of  the  most  important  steps  in  the  proeess 

^Thttotal  constituents  of  100  parts  of  cow  ^-g  -  -  fonow.^m^^^^^^^ 
matter,  0-74 ;  sweet  substance,  0-93  ;  ^^orophyU^  0  28   album.ne  0^^ 

;£pSrof«;r^^^^^^^^^ 

'''t  dunging  calicoes  the  excess  of  uncombined  — ^y^",,^^^^^^^^^^^  IVt 
soluble  matters  of  the  cow's  dung,  ^^^^  forms  ^  .'"^^^^^^^^^^^  the  dung,  which 

affinity  for  the       h,  especiaUy  in  p^^^^^ 

strongly  attracts  alumina    The  ^o^* '"PP^J^^^^^^^     ^Vey  are  dissolved  by  the  water 

-  do^h  impossible,  it  is  omy  m 
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the  deposit,  therefore,  that  the  matters  carried  oflf  from  the  cloth  by  the  dung  are  to  be 
found. 

M.  Camille  Kcechlin  ascribes  the  action  of  cow  dung  chiefly  to  its  albuminous  con- 
stituent combining  with  the  alumina  and  iron,  of  the  acetates  of  these  bases  dissolved 
by  the  hot  water  of  the  bath.  The  acids  consequently  set  free  soon  become  evident  by 
the  test  of  litmus  paper,  after  a  few  pieces  are  passed  through,  and  require  to  be  got 
rid  off  either  by  a  fresh  bath  or  by  adding  chalk  to  the  old  one.  The  dung  thus  serves 
also  to  fix  the  bases  on  the  cloth,  when  used  in  moderation.  It  exercises  likewise  a 
deoxidating  power  on  the  iron  mordant,  and  restores  it  to  a  state  more  fit  to  combine 
with  colouring  matter.    See  Covy  Dung. 

The  use  of  cow  dung  is  open  to  some  objections,  amongst  which  are  its  giving  a 
certain  amount  of  greenish  colouring  matter  to  the  white  mordants,  and  its  being  apt 
to  vary  in  its  constituents  from  differences  in  the  food  of  the  animals,  their  health,  &c. ; 
the  method  of  using  substitutes  for  it  being  now  well  known,  and  better  colours  and 
whites  being  more  easily  obtained  from  them  than  with  dung,  it  is  probable  that  cow 
dung  will  in  a  short  time  cease  to  be  used  in  calico-printing  processes.  The  dunging 
operation  ought  to  be  a  definite  chemical  decomposition,  which  cannot  be  the  case  with 
a  variable  substance  like  dung.    The  substitutions  for  dung  in  use  are  :  

1.  Phosphate  of  soda  and  lime. 

2.  Arseniate  of  soda. 

3.  Arsenite  of  soda. 


4.  Silicate  of  soda. 

5.  Silicate  of  lime. 


Each  of  these  has  its  peculiar  virtues,  and  the  printer  determines  for  himself  which 
IS  best  adapted  for  his  styles.  The  first  was  patented  by  John  Mercer,  about  1842,  and 
IS  made  by  calcining  bones,  then  decomposing  them  with  sulphuric  acid,  filtering  out 
the  sulphate  of  lime,  and,  to  the  clear  superphosphate  of  lime,  adding  carbonate  of  soda 
till  slightly  alkaline ;  the  resulting  mixture  of  phosphate  of  soda  and  phosphate  of  lime 
IS  dried  down  to  a  powder ;  the  use  of  arseniates  formed  part  of  the  same  patent. 
Arsemte  of  soda  followed  as  a  matter  of  course,  though  not  so  safe  in  use  as  phos- 
phates and  arseniates.  Silicate  of  soda  was  suggested  by  Adolph  Schlieper,  of  Elber- 
feld,  and  patented  by  Jiiger  in  1852.  It  is  the  ordinary  soluble  glass  dissolved  in 
water.  It  is  open  to  the  objection  of  being  too  alkaline,  and  requires  care  in  the  use 
The  silicate  of  lime  was  suggested  by  Higgin  with  a  view  to  remove  this  objection. 
The  silicate  of  lime  is  formed  in  the  dung  cistern,  by  mixing  silicate  of  soda  and 
muriate  of  lime,  when  sparingly  soluble  silicate  of  lime  is  formed;  the  quantity  in 
solution  at  one  time  being  never  so  much  as  to  be  dangerous,  and  fresh  portions 
being  dissolved  as  wanted.  Dungmg  salts,  or  liquors,  are  now  made  by  the  manu- 
fectunng  chemist  contammg  various  mixtures,  arseniates,  phosphates,  arsenites,  &c., 

°'  °^  "^""S'^g-  ^'^ono'^y  of  ti>^e  and  mate! 

m  result  from  the  use  of  these  dung  substitutes.  In  some  of  the  largest  print  works 

ZTL°c!\%nn'^-  °^       «P™'-duDg  cistern  after  passing  through 

from  100  to  200  pieces,  and  having  to  fill  again,  and  heat  to  the  proper  temperature 

t  IS  found  possible  to  run  pieces  through  the  same  cistern  char|ed^with3stitu^e 
at  the  rate  of  a  piece  per  mmute  half  a  day,  and  with  light  goods  a  whole  day-before 

etting  off,  of  course  occasionally  adding  some  of  the  fubstitute;  to  make  up  for  hat 
saturated  by  the  mordants.  The  dunging  process  is  always  performed  twice  the 
first  time  m  a  cistern  with  rollers;  and  the  second,  in  a  beck  similar  to  a  dye  beck 

Thru  ^''T        ^     ^'l'     '^"'''^■^^  °ther,  second  dungfng  ' 

_  The  manner  of  immersing  the  goods,  or  passing  them  through  the  dune  bith  is  in 
important  circumstance.  They  should  be  proptrly  extended  aid  free  from 'folds 
which  IS  secured  by  a  series  of  cylinders      "        •>  "'^'^  lows, 

dee?"  tVI^^  *°  ^2  feet  long,  4J  feet  wide,  and  6  or  8  feet 

tr^f'  Pa«^e«  alternately  over  the  upper  rollers  and  under  rollers  near  th^ 

well  as  the  uncombined  mordant,  become  free  would  snreaH  tW  ^"a'^®"^' 
have  time  to  dissolve  the  aluminous  subsarnow  cSn  "^^^^^^^^ 
inequalities  and  impoverishment  of  the  colours  would  ensue  ' 

1  he  fly-dung  cistern  should  be  set  with  about  30  gallons  of  dune-  to  i  nnn  „  ii 
water;  or,  to  the  same  quantity,  3  to  4  ffallon<!  nf  r}„rZ    Z      .  °°  gallons  of 

is  added,  to  make  the  cisJem  sliSitly  mtlf  f  Thfheat  vS  fnr  .'^^^  '  "  i'"^^  '^^^^ 
150°  P.  to  boil.  Where  there  is  Lid  ^charge  or  resi  t  a^d  tt  oT*  ''^'^'T^'o^ 
fly-dungmg  at  boil  is  necessarv  tnor^^ht^  »i,      ■  j  .  '^na  tbe  colours  are  heavy, 

th'e  nea^rer^o  150^  F.ThTt^TSth  til/g-^^^^  ^he  colour"'; 

subsequent  dyed  colour.    With  cow  dung^an  efcel  Tf^lffs  i:;j:;i;uTbo\h 'lo  wht 
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and  colour  ;  but  -with  a  tolerably  neutral  substitute,  excess  does  no  harm.  The  pieces 
sliould  run  at  the  rate  of  50  to  60  per  hour.  On^leaving  the  cistern,  they  are  well 
■winced  in  water,  and  -washed,  and  are  then  second  dunged,  which  is  generally  per- 
formed in  a  beck  similar  to  a  dye  beck,  which  will  be  found  described  further  on. 
This  beck  is  set  with  about  1  quart  of  dung-substitute  liquor,  or  12  gallons  of  dung 
to  250  gallons.  From  12  to  24  pieces  are  put  in  together,  and  made  to  revolve  over 
a  reel  for  about  20  minutes  or  half  an  hour,  the  heat  being  about  150°  F.  They 
are  then  well  washed,  and  are  ready  for  dyeing.  This  second  dunging  is  principally 
for  the  purpose  of  removing  the  thickening  substance  from  the  cloth,  and  it  should 
feel  quite  soft  when  well  done.  An  improved  method  of  dunging  adopted  by  some 
extensive  firms  consists  in  arranging  a  fly-dung  cistern,  a  wince  pit,  a  machine  similar 
to  the  bleacher's  washing  machine,  and  containing  the  second  dunging  solution  and 
one  of  the  dye  house  washing  machines  all  in  a  line  ;  the  pieces,  being  then  stitched 
end  to  end,  are  drawn  through  the  series;  first,  extended  and  free  from  folds,  through 
the  fly-dung  cistern  ;  thence  dropping  into  water  in  the  pit ;  from  that  being  worked 
spirally  from  end  to  end  of  the  second  dunging  vessel,  which  runs  at  such  a  speed 
that  one  piece  is  about  1 5  minutes  in  traversing  it  ;  from  that  into  a  water  pit  again,  and 
finally,  spirally,  through  the  waBhing  machine,  when  they  are  ready  for  dyeing.  By 
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thorough  cleansing  from  loosely  attached  mordant,  and  especiaUy  thickening,  depends 
a  good  deal  of  the  success  of  the  dyeing,  and  this  process  is  one  that  requires  to  be 
carefully  attended  to. 

*i,  '^1^^  gashing  processes  in  the  dye  house  have  undergone  great  modifications  within 
the  last  few  years.  Formerly  dash  wheels  <«ee  Dash  Wheel)  were  exclusively  em- 
^v.°?-  u'  ^"V"""^  considered  far  too  slow,  and  expensive  in  labour,  and  are  nearly 
abolished,  being  substituted  by  various  washing  machines.  A  great  number  of  ma- 
chines have  been  invented,  which  all  have  their  admirers.  Three,  which  have  been 
lound  very  eincaeious,  are  here  given. 

th^-tTptf  P^Pf  >^  ^^r:  ^^/ff-/^^  a  section  of  the  machine  patented  by  Ma- 
thei  and  Piatt.    The  pieces,  fastened  end  to  end,  are  run  spirally  through  the  machine 

Fig.  385  is  a  machine  patented  by  Whitaker,  and  possesses  the  merit  of  great  sim- 

ttn  c^:™",!  nT^'^'T'^^  t°getheriith  great  efficTenTy   T^e  inven 

tion  consists  of  a  peculiar  arrangement  of  the  material  to  be  washed,  by  which  inslead 

,.»di.s  U..         of  tte  ™,er  or  ,,Jt^  'Z  'S^Zili^  S'S^  S'So 

385 


1 

^uu,  dna  communicates  with  the  space  for  over  water    Tl,.  • 

by  spur  wheels,  represented  by  the  dotted  circ7es  r«.  ^  ^     •    i'' P"' 

m  is  put  upon  the  main  shaft  or  shafts  connp'^tll   '-f^^  385  ;  the  wheel 

piece  0  is  introduced  into  the  machine  a  that  erff  ^^  "^''^  Po^er.  The 

and  threads  through  the  peg  rail  p  ojresste  y  to  th/of),'^'  °f  1'      ^'-^'^  Placed 

the  fresh  water  is  introduced  just  upo^tl  e  cKth  ^  •  machine,  where 

machme  is  in  motion,  the  cloth  m^l!,  material  as  it  leaves     wLn  tv, 

by  the  varying  dimensC%ntTq7arrb°^^^^^^^  -  «  Ty^at: 

mterial  against  another  part,  by  beilg'c^oSitn  TcSdlt^        ''''  °^ 

M  SI  3  ^'^^  °^  '^"^  square  bowl,. 
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aud  washes  in  the  same  niannei-  as  a  woman  would^do  in  ordinary  domestic  washing. 
And  it  will  be  observed  that  when  a  corner  of  the  square  bowl  is  at  the  bottom,  the 
material  is  then  below  the  surface  of  the  water,  and  when  the  side  of  the  square  bowl 


386 


B 


is  at  the  bottom  the  cloth  is  above  the  surface ;  thus,  for  each  revolution  of  the  square 
bowl,  the  cloth  is  plunged  four  times,  which  action  encloses  air  withm  the  lolded 
material,  and  opens  it  out  between  the  peg  rail  and  square  bowls,  sometmies  as  large 
as  a  man's  hat.  The  water  is  preserved  clean  at  that  end  of  the  machine  where  the 
material  leaves  it,  by  its  being  brought  in  there,  and  allowed  to  escape  where  the 
dirty  material  enters,  and  by  the  shallowness  of  the  water  cistern  the  water  is 

''"fS'ss?  ^epresInteThe  machine  patented  by  Mr.  David  Crawford  of  the  Barrowfield 
Printworks.  It  is  said  to  answer  well  for  all  sorts  of  fabrics,  the  finest  mushns  not 
being  torn  by  this,  as  is  the  case  with  most  washing  machines.  This  machine 
consists  of  a  rectangular  frame,  fitted  up  with  rollers,  dashboards,  a  dashing  frame 
and  driving  gearing  The  frame  is  divided  into  a  series  of  stories  or  flats,  one  above 
anotheriKhe  flLs  of  a  house,  each  flat  having  a  dashboard  or  a  fixed  platform 
dS  down  the  centre,  towards  which  division-line  each  half  inchnes  downwards 
The  goods  in  a  continuous  length-like  form  are  passed  first  of  all  round  a  tak.ng-m 
rolled  wh  ch  directs  the  cloth  round  a  long  horizontal  roller  of/°°«'d«'.^^'%tTab,  [c 
which  Tuns  in  bearings  at  one  side  or  end  of  the  lowest  of  the  series;  the  tabiic 
^sses  ^^d  this  roller,  and  there  proceeds  horizontally  along  and  through  the  flat 
arthat  le^l  passing  in  its  way  through  a  vertical  traversing  frame  which  works  be- 
the  conSous  edges  of  the  platforms  or  d'ashboards  of  aU  the  flats  ^bere  the 
boards  are  divided  as  before  explained.  In  the  centre,  at  the  opposite- end  of  he  f^at 
?here  is  a  co^reTponding  horizontal  roller  round  which  the  P^^^^vS  hf 

tbrouffh  the  flat  and  through  the  vertical  traversmg  frame  to  the  hist  roller  tne 
Sbric'passes  agtin  round  thl  roller  and  again  through  the  flat,  and  so  on  u^t  the 

As  the  cleansmg  liquid  falls  down  >t  'S  f^ceivea  upon  i  ^^^^^^ 
until  it  pours  off  at  the  centre  :  the  s  riking  «<=^tion  causes  the  iiqi^^^^^  ^  ^^^^^^^ 

into  the  fabric.    When  the  water  falls  away  at  tue  ' .j ' 

fabric,  as 

duct  and  conveyed  away  to  a  bottom  «de-chambei  '"to  which  diamber  ^^^^ 
primarily  washed  in  the  bottom  fiat,  is  first  ot  all  deiivtrea  irom 
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next  flat  on  the  series,  where  it  is  treated  in  a  precisely  similar  manner ;  and  this- 
routine  is  continued  throughout  the  whole  of  the  flats  until  the  fabric  finally  emerges 
from  the  top  of  one  of  the  series  in  its  completely  cleansed  condition.  Each  flat  is 
supplied  with  jets  of  water,  and  it  is  obvious  that  as  the  fabric  passes  through  and 
beneath  these  jets,  and  is  violently  struck  upon  the  dashboards,  a  most  powerful 
washing  and  cleansing  action  is  secured :  provision  is  made  for  varying  the  length  of 
traverse  of  the  vertical  dashing  frame  and  the  rapidity  of  its  traverses. 

Fig.  387  on  the  drawings  is  a  sectional  elevation,  and  fig.  388  is  an  end  view  cor- 
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carry  internal  bracket  flanges  for  supporting  the  four  dashboard  floors,  o.  All  the 
driving  movements  are  actuated  from  a  bottom  llorizontal  shaft,  carrying  a  bevel 
■>vheel,  Q,  in  gear  with  a  corresponding  -wheel,  n,  fast  on  the  lower  end  of  a  vertical 
shaft,  8.  This  shaft,  by  means  of  the  two  pairs  of  bevel  wheels,  w,  drives  the  two 
large  end  rollers,  n,  carried  in  end  bearings  external  to  the  main  framing.  The 
lower  end  of  the  shaft  rests  in  a  footstep  bearing  on  the  floor,  whilst  the  upper  end  is 
supported  in  a  collar  bearing,  carried  by  a  bracket,  t,  bolted  to  the  frame.  At  this 
part,  a  third  pair  of  bevel  wheels,  tr,  forms  the  driving  communication  between  the 
shaft  and  the  end  conical  roller  pulley,  l,  working  the  dashing  movement.  All  the 
stories  or  dashboards  of  the  machine  are  plentifully  supplied  with  water  by  the  pipe 
D,  having  a  regulating  stop-cock  at  its  upper  or  lower  branch.  From  this  main  pipe, 
cross  branches,  D,  pass  into  and  through  all  the  divisions  discharging  the  water  by  the 
jets  upon  the  goods  passing  through  the  machine.  A  guide  ring  is  attached  to  the 
ceiling  of  the  workshop,  v,  for  the  passing  through  of  the  goods,  b.  From  this  ring,  the 
line  of  goods  passes  in  the  direction  of  the  arrow,  down  and  round  a  guide  roller 
arrangement,  so  as  to  be  directed  through  the  water  in  the  small  bottom  chamber,  z. 
On  leaving  this  chamber  the  fabric  passes  through  a  delph  eye  in  the  end  boarding  of 
the  machine,  and  thus  reaches  the  lowest  division  of  the  series.  As  it  continues  its 
course  it  passes  between  the  lowest  pair  of  rollers  or  bars,  e,  of  the  vertical  traversing 
frame,  F,  which  gives  the  necessary  dashing  action,  then  proceeds,  guided  by  the  pin 

0  round  the  bottom  back  roller  n,  corresponding  to  the  lowest  of  the  front  rollers  n. 
On  rounding  this  roller,  the  fabric  repeats  the  circuit  already  described  three  or  more 
times,  as  indicated  by  the  turns  upon  the  roller,  in  the  view  of  fig.  2.  After  the 
completion  of  this  traverse,  the  line  of  fabric  ascends,  as  shown  by  the  arrow  being 
drawn  out  between  the  nipping  roller  p  and  the  bottom  roller  n.  The  fabric  again 
ascends  for  the  last  time  and  passes  through  the  third  and  fourth  divisions,  being 
delivered  in  a  cleansed  condition  at  g.  The  dashing  action,  as  already  explained,  is 
worked  from  the  conical  pulley  J,  the  spindle  of  which  runs  in  pedestal  bearings 
immediately  above  the  centre  of  the  machine,  A  sliding  rod,  with  a  double  sti'ap 
fork,  M,  is  fitted  up  for  enabling  the  attendant  to  set  the  drawing  belt,  k,  at  any  part 
of  the  conical  pulley,  so  as  to  vary  the  rate  of  revolution  of  the  driving  pulley  J,  that 
of  L  being  constant.  The  spindle  of  the  pulley  J  carries  at  each  end  an  adjustable  disc 
crank,  i,  the  face  slots  of  these  discs  having  crank  stud-pins  set  in  them  for  working 
the  upper  ends  of  the  pendant  connecting  rods,  h.  The  lower  ends  of  these  rods  are 
similarly  jointed  to  stud  G  upon  the  opposite  edges  of  the  traversing  dashing  frame  f. 
These  studs  work  through  vertical  slots  in.  the  main  standards,  and  as  the  disc  crank 

1  revolves  at  a  rapid  rate,  it  follows  that  the  corresponding  rapid  traverse  of  the 
dashing  frame  energetically  dashes  the  lines  of  fabric  passing  between  its  rollers 
npon  the  several  dashboards  of  the  machine.  The  cleansing  water  falling  from  the 
several  jets,  is  conducted  from  flat  to  flat  by  conductors,  t,  thoroughly  washes  the 
goods,  whilst  this  is  going  on,  and  it  finally  falls  through  the  central  openings  in  the 
dashboards,  and  is  received  into  the  bottom  central  trough,  whence  it  flows  away 
by  the  duct,  and  is  delivered  into  the  chamber  z.  The  lever  x  in  connection  with 
pulley  P  is  to  enable  the  attendant  to  rise  up  pulley  p  in  threading  the  machine. 
This  machine  is  beautifully  adapted  for  bleaching  purposes,  as  from  the  peculiarity  of 
its  action  it  answers  as  a  perfect  Bleaching  Machine  in  itself.  The  slots,  grooves  m 
the  disc  cranks,  afford  a  ready  means  of  varying  the  length  of  the  traverse  of  the 
dashing  frame  ;  and  this  adjustment,  coupled  with  that  of  the  rate  of  revolution  of  the 
central  conical  roUer,  affords  the  greatest  possible  nicety  of  adjustment  of  the  powers 
of  the  machine,  which  the  manufacturer,  bleacher,  or  finisher  can  ever  require, 
either  for  light  or  heavy  goods.  .  •       j  j 

Up  to  this  point  there  is  scarcely  any  difference  m  the  operations  on  pieces  destined 
for  styles  1  a  b  &c.,  and  2.  Those  intended  for  dyeing  with  madder  are  printed  in 
stronger  colours  than  those  for  dyeing  with-  garanein,  since  the  soaping  process 
reduces  the  strength  of  colour  considerably,  and  garanein  colours  undergo  no  severe 
treatment  after  dyeing.    The  general  process  of  dyeing  is  thus  performed  :-- 

Fia  389  represents  a  front  elevation  of  a  pair  of  dye  becks,  with  automatic  winch 
reel  and  Rq.  390  is  an  end  elevation  of  one  of  them.  The  drawing  is  kindly  supplied 
by  Messrs.  Mather  and  Piatt,  of  Salford.  a  a  is  a  cast-iron  cistern,  8  feet  long  by  4 
feet  deep  by  3  feet  wide,  with  curved  bottom ;  brackets  b  b  are  east  on  the  ends  to 
support  the  cistern  on  the  stone  foundation.  The  beck  is  fixed  ov;er  a  channel  c, 
wMch  communicates  with  the  system  of  drains  which  carry  away  the  waste  liquors 
into  the  river.  There  are  two  holes  in  the  curved  bottom-one  at  each  end-which, 
when  the  beck  is  in  use,  are  stopped  with  movable  plugs  ;  one  of  these  holes  comm"ri  - 
cates  direct  with  the  drain  and  the  other  with  a  trough  d,  which  <=o°^"";°«=«tf^  '^J^f 
pit  outside  the  dyehouse,  and  where  the  spent  madder  can  be  run  f""-  /''^  P"' P 
making  into  garanceux.  E  is  a  water  pipe,  with  a  branch  into  each  beck,  with  a  sciew 


CALICO-PRINTING. 


537 


tap  attached  ;  f  is  a  main  steam  pipe,  which  divides  into  the  branches  g,  furnished  with 
■valves  at  h  ;  the  pipes  a  subdivide  in  branches  i,.  one  of  which  goes  down,  each  end 
of  the  dye  beck,  the  perforated  pipe  k,  which  traverses  the  beck  from  end  to  end, 
connecting  them  ;  a  perforated  iron  diaphragm  is  placed  across  the  beck  from  end  to 


389 


end  ;  above  this  is  a  strong  rod  m,  from  end 
angles  from  it.    Bolted  on  the  ends  of  the 
the  bearings  of  the  shaft  Q  of  the  winch 
reel  ;  keyed  on  the  shaft  are  three  sets  of 
cast-iron  arms  r,  which  terminate  in  forks, 
m  which  fit  the  spars  s ;  the  reel  is  boarded 
between  the  spars,,  as  at  t.    The  frame- 
work o  of  the  two  dye  becks  is  connected 
by  the  piece  v,  which  carries  the  bearings 
of  the  short  shaft  v,  on  which  is  keyed  one 
of  a  pair  of  mitre  wheels  w  w  ;  there  are 
sliding  catch  boxes  x  x,  on  this  shaft, 
which  revolve  with  it ;  there  are  corre- 
sponding catch  boxes  keyed  on  the  ends  of 
the  shaft  q  ;  the  connecting  piece  u  carries 
also  the  pillar  p,  which  carries  the  bearings 
ot  the  vertical  shafts  t,  and  also  of  the 
horizontal  shaft  z;  keyed  on  the  shafts  y 
and  z  are  bevel  wheel  a  a,  and  at  the  bot- 
tom of  shaft  Y,  the  mitre  wheel  w.  Per- 
manent motion  being  given  the  shaft  vv, 
by  this  gearing,  either  of  the  reels  can  be 
put  in  motion  or  stopped  by  the  catch 
boxes  X  X,  worked  by  lever  handles,  in  or 
out  of  the  catch  boxes  on  the  ends  of  the 
reels     In  working  the  becks,  two  pieces 
are  knotted  end  to  end,  and  each  length 
passed  over  the  reel  down  between  two 
1 1 l*"'  V"''^'-  the  steam  pipe  k, 
up  behind  the  diaphragm  l,  being  then 
knotted  together  so  as  to  form  an  endless 

of  the  beck.    The  drawing  shows  a  beck 
30  pieces.   About  200  gallons  of  water 


to  end,  carrying  pieces  N  projecting  at  right 
dye  beck  is  the  framework  o,  which  carries 


390 


adapted  for  15  lengths  of  2  niecps 
are  put  in  the  becl  before  ^h^pS' 'a" 
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put  in ;  and,  after  the  pieces,  the  dye  stuff  is  added,  the  reel  set  in  motion,  and  the 
steam  gently  turned  on  ;  from  the  steam  going  iil»at  each  end,  the  beck  is  unifonnly 
heated ;  the  heat  is  then  gradually  raised  to  boil,  generally  in  about  two  hours,  the 
pieces  continually  revolving  with  the  reel  so  as  to  bring  each  portion  successively 
into  the  air,  agitating  the  dyeing  materials  at  the  same  time.  When  the  dyeing  is 
finished,  the  steam  is  shut  off,  the  knots  untied,  and  the  pieces  pulled  over  mto  a 
pit  of  water  surrounded  by  a  winch  reel,  which  is  always  placed  behind  every  dye 
beck.  After  wincing  in  this,  the  pieces  are  fastened  together  again,  and  put  through 
the  washing  machine  two  or  three  times;  they  then  are  ready  for  the  subsequent 
operations.  Maddered  goods,  on  issuing  frorii  the  dye  beck,  are  far  from  possessing 
the  beauty  that  they  afterwards  show,  the  colours  are  dull  and  heavy,  and  the  white 
part  stained  with  a  reddish  shade  ;  various  clearings  are  required,  in  which  soap  plays 
a  principal  part.  Garancined  goods  show  pretty  nearly  the  colour  they  are  intended 
to  be ;  but  as  the  white  is  also  stained,  a  peculiar  clearing  is  given  them  which  will 
be  described  further  on.  Madder  goods  are  cleared  with  soap  in  a  beck  similar  to  a 
dye  beck.  They  receive  generally  two  soapings  of  about  half  an  hour,  with  from  ^ 
to  i  lb.  of  soap  per  piece  each  tinie,  washing  between.  If  the  white  is  not  sufificiently 
good,  the  pieces  are  spread  out  on  the  grass  for  a  day  or  two,  and  are  afterwards 
winced  in  hot  water  to  which  a  little  solution  of  chloride  of  lime  or  soda  is  added. 
They  are  then  washed  and  dried.  Chintz  work  is  dyed  with  from  1  lb.  to  5  lbs  madder 
per  piece  of  30  yards,  according  to  the  pattern  ;  generally,  a  little  chalk  is  added,  and 
if  there  is  no  purple  in  the  pattern,  some  sumac,  which  is  found  to  econornise  madder, 
but  will  not  do  where  there  is  purple,  the  shade  of  which  it  deadens.  Pieces  of  any 
style,  after  undergoing  the  final  process,  are  passed  through  a  pair  of  squeezing 
rollers,  or  put  in  the  hydroextractor,  when  the  moisture  is  driven  out  by  centrifugal 
force  (see  Hydeoextractob)  ;  they  are  then  dried  on  the  cylinder  drying  machine. 

Plate  Purple  is  a  style  composed  of  black  and  one  or  more  shades  of  purple  only, 
and  requires  a  little  different  treatment.  Print  in  black  No.  4,  dark  purple  to  shade 
No.  27  and  acid,  say  No.  3.5,  cover  pad  in  pale  purple  No.  30,  age.  Fly  dung  at  170° 
F.,  second  dung  at  165°  F.  half  an  hour  ;  wash  and  dye  with  ground  Turkey  madder 
root  giving  JL  of  its  weight  in  chalk,  and  3  quarts  of  bone  size  to  the  beck ;  bring 
to  175°  F.  in  2  hours,  and  keep  at  175°  F.  half  an  hour  ;  wash  well  and  soap  15  pieces, 
Jths,  30  yards,  half  an  hour  at  boil  with  5  lbs.  soap  to  15  pieces ;  wash  well  and  wince 
5  minutes  at  140°  F.  with  2  quarts  chloride  of  lime  liquor  at  8°  F  to  300  gallons  ; 
wince  and  soap  again  at  boil  half  an  hour  with  3  lbs.  soap  to  15  pieces  ;  wash  and 
wince  5  minutes  in  4  quarts  chloride  of  lime  at  8°  F.  and  2lbs.  carbonate  of  soda 
crystals  to  200  gallons  water;  at  160°  F.  well  wash  and  dry. 

In  this  style,  as  in  any  where  there  is  severe  soaping,  it  is  necessary  to  give  a 
slight  excess  of  madder  in  the  dye,  so  as  to  ensure  perfect  saturation— if  this  is  not 
done,  the  colour  speedily  degrades,  and  becomes  impoverished.  It  may  be  observed 
here  that  the  style  plates  are  such  as  formerly  were  printed  by  the  plate  or  flat  press, 
and  are  generally  small  patterns,  with  padded  or  well  covered  grounds,  the  colours 
being  few,  and  frequently  only  different  shades  of  one  colour.  _ 

Plate  Pinks  or  Swiss  Pinks— a.  style  imported  from  Switzerland,  consistrag  of 
various  shades  of  red  and  delicate  pinks,  produced  as  foUows.  Print  in  No.  6  with 
second  or  third  shades  as  No.  7— acid  No.  34  may  be  also  printed  and  a  very  pa  e 
shade  of  red  covered,  aged  two  or  three  days,  dunged  at  160°  F  -if  dung  substitute 
is  used,  care  must  be  taken  to  use  one  that  is  not  caustic  from  free  alkali:  the 
dyeing  must  be  done  with  the  finest  quality  of  French  or  Turkey  madder.  The 
nfeces  must  have  sufficient  madder  allowed  to  overdye  them,  or  dye  a  heavy  brownish 
red  For  a  full  plate  pink  on  ^ths  cloth,  from  4  to  6  lbs.  of  French  madder  will  be  re> 
au  red  About  I  per  cent  of  chalk  may  be  added  to  the  dye  where  the-water  is  soft. 
Thrh;atVhould  b^  raised  to  150°  F.  in  2  hours,  and  kept  at  that  heat  half  an  hour 
It  is  necessary  to  keep  the  heat  low  in  dyeing  French  pinks,  to  preven  t^e  impunt  es 
J  om  fixbg  on  the  mordants,  as  only  the  very  finest  portion  of  *e/o\XTb^ou7S 
S  be  fifed-after  dyeing  the  Peces  are  -11 -sh^  ::\Z^t7t:'Z^ 

termed  cu«.n5  is  the  one  that  decides  ^J^^/^f  f  ti,',\*e^^^^^  pale?  and  more 
longer  the  pieces  are  kept  in  the  beck        *  are  put  in  a  beck 

delicate  the  shade  of  pink  obtained.    Aftei  f", '^''3°  ,  '  i_^„  stronp:  pan  charged 
with  soapand  boiled  for  an  hour, taken  out,  ^^'^fjf^^'^fj^,'^,^^^^^^^^ 
with  soap  and  water,  the  lid  screwed  do>pn,  and  boiled  at  a  prtssuic 
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either  by  direct  fire  or  high  pressure  steam,  for  two  or  three  hours,  then  taken  out, 
washed,  and  put  in  a  beck  with  water  at  160°  F.  charged  with  a  little  hypochlorite  of 
soda :  they  stay  in  this  about  ten  minutes,  and  are  then  washed  and  dried.  In  some 
print  works,  after  the  high  pressure  boil,  the  pieces  are  spread  out  on  the  grass  for  a 
night  or  two,  and  then  cleared  in  hypochlorite,  &c.  The  use  of  the  acid  here  is  not 
very  clear,  it  probably  completely  purifies  the  colour  from  iron  which  may  have  been 
in  the  mordant,  but  it  also  seems  to  render  the  combination  of  alumina,  tin,  lime, 
colouring  matter  and  fat  acid  a  definite  one  by  removing  a  small  quantity  of  the  mor- 
dant. The  French  chemists  assert,  that  after  the  final  process,  a  definite  atomic  com- 
pound of  lime  and  alumina,  colouring  matter,  and  fat  acid  remains. 

The  quality  of  the  soap  used  by  printers  is  of  great  importance.  It  is  madefor  them 
specially  from  pahn  oil,  and  requires  to  be  as  neutral  an  oleo-stearate  as  possible;  an 
alkaline  soap  like  domestic  soap  would  impoverish  and  degrade  the  shades. 

The  soaping  process  has  a  two-fold  action  :  

To  clear  the  white  by  decomposing  the  compound  of  lime  and  colourin"-  matter 
which  forms  the  stain ;  this  it  does  by  double  decomposition,  forming  oleo-stearate  of 
lime,  which  dissolves  or  forms  an  emulsion  with  the  excess  of  soap ;  and  a  compound 
of  soda  and  colouring  matter,  which  dissolves.  In  its  action  on  the  dyed  parts  it 
probably  first  removes  resinous  and  other  impurities  which  are  loosely  held  by  the 
mordant,  and  secondly  gives  up  a  portion  of  its  fat  acid  to  the  dyed  parts  — the 
resinous  acids  or  possibly  phosphoric  acid  from  the  dyed  parts,  by  combining  with  the' 
soda,  settmg  free  fat  acid  for  this  purpose. 

Second  Style  :  Garancin. 
Almost  all  the  madder  styles  are  imitated  by  dyeing  with  garancin,  a  concentrated- 
preparation  of  madder  (see  Madder),  which  dyes  fine  brilliant  colours  at  once  not^ 
requiring  to  be  soaped  to  develope  the  shades,  but  not  possessing  the  extreme  solidity' 
of  madder  colour.  Garancin  dyeing  is  the  most  economical  way  of  usins  madder  ■ 
since  more  colouring  matter  is  obtained  in  this  way  than  by  using  madder  direct  and- 
consequently  garancm  is  principally  used  for  full  heavy  colours,  Tvhich,  if  dyed'with^ 
madder  and  soaped  would  be  to  a  certain  extent  abraded  and  not  stand  so  finely  on^ 
tTtrt  f  T}-  S  °f  °''''f  S™""^'-  ^^"""^^  ^^d'  chocolate,  with  brown  or 
fhp  nl     ^"""P  '  ^1^"^  '""^  S""""""^'  dyed;  in  short,  wherever' 

the  pattern  is  very  ful  and  cheapness  essential,  garancin  is  resorted  to.  The  colours 
or  mordants  for  garancin  are  usually  about  two-thirds  of  the  strength  of  similar  co  ou^s 
for  madder  (see  the  list  of  colours),  the  ageing  and  dunging,  &c.:  are  the  same  as  for' 
madder;  the  dyeing  is  performed  in  the  stme  manner,  usin|  from  one-fourth  to  one 
third  the  quantity  that  would  be  used  of  madder.  A  little  fhalk  is  also  added  where" 
190°  K  -  Vf''  ^""l*"  "^y"'"®  is  commenced  at  110°  F.,  and  carried  to  I  850  F  or 

n  Lnt   f     ^r'"'  ^^'"^  ^^"^  ^^^^  ^^^l^^'i  a"'^  rinsed  in  water  at  40°  f"  m 

a  beck,  for  10  minutes,  then  squeezed  and  dried     The  white     nlw,vc      •  1 
httle,  though  not  to  the  same  extent  as  in  maddered  goodi  and  thi   siLht  ^ 
removed  by  a  process  peculiar  to  garancin  goods     In  S  nf..^v^-^  f>\ 
dry  ing  machine  is  placed  a  paddinf  apparatuTand  be\w  ^  tfnd  ZdttS 

fora  ed  steam  pipe  at  the  bottom  of  the  chest  allows  stel  to  blow  freeTy  '     Th':  ' 

rollers,  they  proceed  on  to  the  cXders  of  tL         ®       ^-'''"^  '^""^"^  squeezing  > 

darltfl  bTckrihSolLTand  rfd  ITth  t'^ntr  ^b^Va ^ 

a  garancin  termed  chocolate  garknc  n  made  from^he^  ""^^^^ 

madder,  answers  very  well  and  this  Hm^  ,    ■     '^o^'nonest  descriptions  of 

garancin,assistedbysUlqCntit  e  of  s^ac  o^^^^^^^^^^  Tf^  ^^'^  «l^°'=°'ate 

additions  give  full  rich  shaded  WhereTere'  ifn     ,  P^achwood,  which 

used,  and  the  garancin  requires  to  be  m5de  frn^^^'"'  t^ese  adjuncts  can  be 

Within  the  last  three  or  four  years  rreaHmnrorm''  '^^^'^ription  of  madder! 

garancins  have  been  made.    The  aKu TC^''^^^  the  manufacture  of  purple 

property  of  dyeing  at  once  purples  as  0^'^  ,^  ^  {  and  Schunck,  has  the 
the  disadvantage  "of  not  dyein7good'^  b kck  and  rot  ''"^/^  r^''''  '^'^^'^^ ' haa 
freely  mtroduced  along  wifh  pip\  ^l^^^ 
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required,  the  general  effect  being  still  very  good,  but  the  purple  not  quite  so  fine. 
The  garancin  patented  by  Higgin  dyes  very  good«T)urple,  with  black,  chocolate,  and 
red  also.  Both  these  improved  garancins  stain  the  white  grounds  very  little,  and 
produce  considerably  faster  work,  than  the  ordinary  garancins  ;  the  goods  may' even 
be  soaped  to  a  considerable  extent.  A  garancin  that  will  bear  as  severe  soaping  as  mad- 
der, or  a  method  of  so  dyeing  with  garancin  as  to  produce  the  same  effect  is  still  a  desi- 
deratum. When  this  can  be  accomplished,  there  will  be  an  end  of  dyeing  with  madder, 
which  will  be  considered  a  raw  material,  and  be  all  manufactured  into  garancin. 

Garanceux.  —  In  ordinary  madder  dyeing,  the  madder  can  never  be  made  to  give 
up  all  its  colouring  matter  ;  when  all  colouring  matter  soluble  in  water  has  been  ex- 
hausted, there  still  remains  about  a  quarter  of  the  whole  quantity  combined  with  lime 
and  mixed  with  the  woody  fibre.  This  madder  is  turned  to  account  by  converting  it 
into  garancin,  or,  as  this  preparation  is  called,  garanceux.  The  spent  madder  is  run  off 
into  a  pit  outside  the  dyehouse,  where  it  is  mixed  with  a  small  quantity  of  sulphuric 
acid,  to  precipitate  any  colouring  matter  in  solution.  It  is  then  allowed  to  drain  dry ; 
removed  from  the  pit,  it  is  boiled  in  a  leaden  vessel,  with  more  sulphuric  acid,  for 
several  hours,  then  washed  on  a  filter  till  free  from  acid,  and  after  draining  is  ready 
for  use.  It  dyes  to  about  one-third  the  strength  of  ordinary  chocolate  garancin,  and 
is  principally  used  for  the  commoner  garancin  styles.  Mr.  John  Lightfoot,  of 
Accrington,  has  patented  an  improvement  in  the  ordinary  process  of  making  garan- 
ceux. He  recommends  large  vats  to  be  provided,  two  or  more  in  number,  each  suffi- 
ciently large  to  contain  all  the  waste  dyeing  liquor  produced  in  the  dyehouse  in  one 
day,  and  so  arranged  that  the  liquor  runs  from  the  dyebecks  into  them ;  at  a  certain 
point  in  the  trough  that  conducts  the  liquor  to  the  vats  is  placed  a  lead  cistern  with  a 
valve  and  perforated  bottom ;  this  cistern  holds  a  regulated  quantity  of  concentrated 
sulphuric  acid,  and  whenever  a  dyebeck  is  let  off  and  the  liquor  flowing  down  the 
trough,  a  quantity  of  acid,  proportionate  to  the  quantity  of  madder,  is  allowed  to  run 
down  through  the  perforated  bottom  and  mix  with  the  hot  liquor;  the  acidulated  liquor 
then  runs  into  the  vat,  a  tightly  fitting  cover  on  which  keeps  the  liquor  hot  \^'Tien 
the  day's  dyeing  is  done,  the  vat  is  left  covered  up  all  night;  next  day  the  lid  is  raised, 
and  by  means  of  holes  and  pegs  in  the  side  of  the  vat,  all  the  clear  liquor  is  drained 
away,  the  vat  filled  anew  with  water,  stirred  up,  and  when  settled,  the  clear  drawn 
off  again  ;  this  washing  being  repeated  till  all  the  acid  is  washed  away,  the  garanceux  is 
then  run  on  a  filter  to  drain  for  use.  The  advantages  of  this  plan  are,  first,  the  saving 
of  fuel,  by  economising  the  heat  of  the  waste  liquor,  and,  secondly,  the  production  of 
one-fourth  more  colouring  matter. 

TTiird  Style :  Reserved. 

Maddered  or  garancined  goods  are  often  left  with  white  spots,  as  leaves,  &c., 
and  when  dyed  these  spaces  are  filled  with  various  bright  colours,  such  as  green, 
blue,  yellow,  &c.  These  colours  are  the  ordinary  steam  colours  described  hereafter, 
and  are  fixed  in  the  same  manner. 

Another  way  of  combining  madder  or  garancin  colours  with  steam  colours  is  by 
blocking  on  the  dyed  object,  generally  groups  of  flowers,  a  reserve  paste  (No.  .39),  and 
when  this  is  dry,  covering  by  machine  in  small  patterns  with  various  shades  of  drab, 
olive,  &c.  (Nos.  5,  44,  46,  &c.),  which  then  are  dunged  and  dyed  with  quercitron  bark, 
cochineal,  madder  and  bark,  &c.  &c.  "Where  the  paste  has  been  applied,  the  colours 
underneath,  or  the  white  spots  reserved,  are  unaffected  by  the  covering  colour,  and 
stand  out  clear  surrounded  by  the  covering  colour.  In  the  white  spaces  reserved  are 
now  blocked  steam  colours,  which  are  raised  by  steam  as  described  further  on. 

Fourth  Style:  Padded. 

In  this  style  the  white  cloth  is  mordanted  all  over  by  padding  in  red  or  iron  liquor, 
or  mixtures  of  them,  drying  in  the  padding  flue ;  then  a  pattern  is  printed  on  in  acid, 
and  the  usual  dunging  and  dyeing  operations  performed,  the  result  being  a  dyed 
ground  with  a  white  pattern.  _  _         ,  ■  i 

Fiq  391  represents  a  section  of  the  padding  flue  used  m  mordantmg  to  this  style. 

It  consists  of  a  long  vaulted  chamber,  about  35  yards  long  by  5  yards,  and  4  yards 
hieh  cut  in  two  at  nearly  half  its  length,  by  6  small  arches  built  in  an  opposite 
direc'tion  to  that  of  the  chamber,  the  object  of  which  is  to  preserve  the  principal  arch 
from  the  action  of  the  heat,  and  to  hinder  the  dried  pieces  from  being  exposed,  on 
pominp-  to  the  hisher  part,  to  moisture  and  acida,  which  are  disengaged  in  great 
ZndL  e  aSd  mfght  condense  there,  cc  is  a  long  furnace  the  flue  of  which  forms 
?he  bottom  of  the  chamber;  the  top  of  the  flue  is  covered  with  plates  of  cast  iron 
fitLs  one  into  another,  and  which  can  be  heated  to  near  red  heat  by  the  flame  of  the 
See  Hs  an  arched  passage  by  which  the  interior  of  this  store  can  be  reached 
/,/,  are  ventilating  holes  in  the  lateral  wall  which  can  be  opened  and  ^  osed  at  will 
by  means  of  the  rod;,  which  is  connected  with  sliding  doors  over  the  apertmes. 


CALICO-PRINTING. 


541 


kk  are  cast  iron  supports  for  turned  copper  rollers,  ■which  are  fixed  to  the  cross 
pieces  and  serve  to  conduct  the  piece.  //  are  bars  of  iron  which  carry  the 
fans  mm,  which  are  covered  by  gratings,  and  make  about  300  turns  per  minute. 

In  front  of  this  hot  flue  is  placed  all  the  apparatus  necessary  for  padding  the  pieces, 
and  moving  them  through  the  drying  chambers.  This  movement  is  caused  by  pulleys 
R  K  driven  from  a  prime  mover. 

391 


ip^; — ,  

The  mordant  liquor  bemg  put  in  the  box  of  the  padding  machine,  the  pieces 
wound  on  a  beam  and  placed  above  the  machine  are  conducted  through  the  box  then 
between  the  two  lowest  rollers  above  the  box,  from  them  through  the  liquor  agafn 
passing  next  through  the  highest  rollers,  and  so  into  the  flue,  theifcourse  being  eSily 
traced  by  the  arrows  ;  on  leaving  the  flue  dry,  they  are  wound  on  a  beam,  or  plated 

chZ  are  mTiT  ^'^''^T  3  rollers  of  the  padding  ma- 

chine are  made  of  brass,  and  are  wrapped  with  a  few  folds  of  calico  ;  the  iron  iournals 
of  them  work  in  slots  the  lowest  one  being  at  the  bottom  of  the  slo  workingin  brass 
bearings;  a  weighted  lever  presses  the  top  roller  in  forcible  contact  with  Sthers 

Padded  goods  after  printing  in  acid  are  hung  2  or  3  days  in  the  aseine  room 
dunged  and  dyed.    A  few  of  these  shades  are  here  given  ^  ^  ' 

liquor  drT  "coo^'f^k  ''^I'T'  ^'y'  pad  again  insame 

ernd  d^^'.  at  60°  P  ^"Zur  ^  ^''^S  at  boil,  wash, 

bsLODQ  Qung  at  160  t.,  i  hour,  wash,  dry,  and  singe,  wash  and  dve  12  nieces  7  ft  8  in 

wiSTa^:' iThlt?rp"tinh^rr'      ^^^^^  -  ^  -^-p^i 

the  wood  dyes  f^rlher  after  STproLss^  '  """^  ''''''' 

wifh  Slfi^"itchtd7eft5t^?)%r^^'^  ^1^-  ^0  pieces  dyed 

>vith  3  quarts  bone  s'^e   bH^^^i''!;  crop  madder,  71bs.  peach  wood,  4  lbs.  sumac 

wash  and  bran,  &c  ^      ^  ^""^        ^  l^^rter  of  an  hour; 

^^^s.'':!:^^^^^^^^  dye  10  pieces  with 

dry;  then  p'ad  in  redTquoTat  lo'o '^^^/^^^'iJ?^'^^^^        l^^'  ^T^'^'  bran,  and 

water  at  120°  10  minut^dye  10  pi;;'!  withfo  I'h^^  ^°^-f  ^"'^  ^""^  ^''^ 

1  houn  keep  at  120°  15  minute^  wTsh  and  drv         l"^''"*'-'"^         ^'^^     120°  in 

niadder,  18  lbs.  peachwood,  l|lbs  loVwood  n       '         ?  P""''  ^''^  ^«  French 
>n  1^  hours,  boil  a  quarter  of  an  hour  las^a'nd  JrnnTK'  "1  Tr^''^  ^^^^ 
e.  Tyrian  purple  and  while.  -  Pad  Tc   as  for  .1  /°  ^^^'^  dry. 

prepared  logwood,  5  lbs.  Dutch  crop  madder  and  7  Ih^  '^^'i  '°  ^^^^  "''^ 
3  quarts  bone  size.    Brinff  to  boil  in  1 3  t      '  I     ^        Peachwood,  21bs  bran,  and 
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igronnd  cochineal,  1  lb.  ground  galls,  4  lbs.  prepared  logwood,  3  lbs.  peachwood,  heat  to 
170°  in  1  hour,  and  20  minutes,  keep  at  170°  <10  minutes,  wash,  bran  at  100°  10 
minutes  ;  wash  and  dry. 

g.  Amber  and  tvliite.  —  Pad,  &c.  as  for  clarets;  dye  10  pieces  with  20  lbs.  quer- 
«itron  bark,  10  lbs.  Dutch  crop  madder,  2  quarts  bone  size.  Heat  to  1 60°  in  1  hour  and 
15  minutes,  keep  at  160°  15  minutes,  wash,  bran  10  minutes  at  150°  ;  wash  and  dry. 

h.  Peach  and  white.  —  Pad,  &c.  as  for  clarets;  dye  10  pieces  with  2  lbs.  ground 
cochineal,  2  lbs.  peachwood,  6  oz.  logwood,  heat  to  140°  in  1^  hours,  wash,  bran  at 
140°  10  minutes  ;  wash  and  dry. 

i.  Black  and  white — Pad  in  red  liquor  at  20°  T.  once,  print  in  No.  36,  age  3 
nights,  fly  dung  at  boil,  second  dung  at  140°,  20  minutes,  wash,  dry,  and  singe,  wash 
and  dye  10  pieces  with  60  lbs.  prepared  logwood,  4  gallons  of  bone  size,  and  6  oz. 
carbonate  of  soda  crystals,  heat  to  boil  in  1  hour  and  10  minutes  ;  wash  well  and  dry. 

h.  Olive,  drabs,  Sfc.  with  white.  —  A  great  variety  of  shades  may  be  obtained  by 
varying  the  mordants.  For  drabs  pad  in  iron  liquor  diluted  about  10  times  accord- 
ing to  the  shade  wanted,  and  dye  in  bark,  or  bark  and  logwood.  For  olives,  pad  in 
mixtures  of  red  liquor  and  iron  liquor,  diluted,  and  dye  in  bark,  or  bark  and  logwood. 
The  acid  used  may  be  No.  33. 

/.  Bark  dyeing.  —  Dye  10  pieces  with  25  lbs.  bark,  and  3  quarts  bone  size;  heat 
to  190°  in  I5  hours,  and  keep  at  190°  10  minutes,  wash  and  bran  at  160°  10  minutes 
wash  and  dry. 

m.  Bark  and  Logwood  dyeing.  —  Dye  10  pieces  with  20  lbs.  bark,  and  30  oz.  pre- 
pared logwood,  with  3  quarts  bone  size  ;  heat  as  in  bark  dyeing. 

Fifth  Style:  Indigo. 

The  indigo  dyehouse  is  always  on  the  ground  floor  of  a  building,  and  is  fitted  up 
with  a  number  of  stone  vats  let  into  the  ground.  There  are  generally  several  rows  of 
these  vats,  about  3  feet  apart.  They  are  about  8  feet  long  by  4  feet  wide,  and  8  to 
10  feet  deep.  Some  of  them  have  steam  pipes  inserted,  which  go  to  near  the  bottom, 
so  that  they  can  be  heated  when  necessary.    There  are  about  10  vats  in  a  row. 

A.  Blue  and  white.  The  simplest  form  of  blue  styles  is  blue  and  white  ;  darkblue 
ground  with  white  figures.  The  cloth  is  printed  in  one  of  the  following  reserve  pastes : — 

No.  65.  Reserve  paste  for  Block.  —  3  lbs.  sulphate  of  copper  dissolved  in  1  gallon  of 
water,  1 5  lbs  pipeclay,  heat  up  with  some  of  the  liquor  ;  1  gallon  of  thick  gum  Senegal 
solution,  and  1  quart  of  nitrate  of  copper  at  80°  T. 

No.  66.  Reserve  paste  for  Machine. — ^  lbs.  sulphate  of  copper,  1  gallon  of  water, 
thickened  with  9  lbs.  flour,  and  2  lbs.  dark  British  gum. 

.  No.  67.  Reserve  paste  for  Machine.— 5  lbs.  sulphate  of  copper,  2  lbs.  white  acetate 
of  lead,  2  gallons  water  dissolve  and  thicken  the  clear  with  3  lbs.  flour  and  2  lbs.  pale 
British  gum ;  when  cold,  add  half  a  pint  of  nitrate  of  copper  at  80°  T.,  to  every 

2  gallons  of  colour.  011.  e 

No  68.  Reserve  paste  for  Machine.  — i  gaUons  boiling  water,  16  lbs.  of  sulphate  ot 
copper,  8  lbs.  white  acetate  of  lead,  let  settle  and  pour  off  the  clear  liquor ;  thicken  3 
gallons  of  this  with  8  lbs.  of  flour,  and  4  lbs.  pale  British  gum.  When  boded  add 
4  lbs.  sulphate  of  zinc,  and  dissolve.  The  foregoing  are  aU  to  resist  deep  shades  ot 
blue,  for  light  shades  of  blue  dipping  any  of  the  following.  ,     v  •! 

No  69.  Mild  paste  for  Block.— 25  lbs.  dark  British  gum,  15  quarts  of  water,  boil 
10  minutes  and  add  7^  lbs.  soft  soap  ;  stir  well  in,  and  when  mixed,  add  20  lbs.  sul- 
phate of  zinc,  stir  well  in,  and  add  10  lbs.  pipe  clay  beaten  up  into  7i  quarts  of  water, 
and  7*  gills  of  nitrate  of  copper  at  80°  T.    Mix  all  well  together. 

No  70  Mild  paste  for  Machine. -8  lbs.  dark  British  gum  ;  3j  quarts  water  ; 
boil  and  add  2  Ib^  soft  soap,  cool,  and  add  6  lbs.  sulphate  of  zmc  dissolved  in  2  quarts 
of  boiling  water  and  1  quart  of  nitrate  of  copper  at  80   T.  v o 

After  printing  in  one  of  these  reserves,  hang  in  a  rather  humid  atmosphere  for  2 

^Tdfg^fS  use'fn  theVhonse  is  ground  with  water  to  a  fine  pulp  ;  a  series  of  c^t- 
iron  miUs  with  curved  bottoms,  are  arranged  in  a  line  :  one  or  wo  iron  ro  lers  are 
moved  backwards  and  forwards  on  the  curved  bottom  m  each  mil  by  an  upr-ght  "od, 
whTch  isSnished  with  a  roller  at  the  bottom,  and  \«  ^^'^rl^  left  1™!  m^^^^ 
worked  bv  an  excentric.  Indigo  and  a  certain  quantity  of  water  are  left  in  these  imiis 
TvSda^ys  tillTe  pulp  is  perfectly  smooth.  .  The  method  of  blue  dippmg  is  as  foUows. 

IVo'^'tooi^r^f^S^^^^^^^  or  lime  Slaked  to  a  dry 

^"S'inljr;^ ^a^y  Ictordtg  t^^he  style  of  work ;  for  deep  blue  and  white,  or 
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J70  lbs.  lime  ;  dissolve  the  copperas  in  the  water,  then  add  the  indigo,  stir  well  up,  and 
add  the  lime,  previously  riddled,  to  separate  small  stones.  Rake  up  every  two  hours  for 
two  days,  and  let  settle  clear.  The  clear  liquor,  when  taken  up  in  a  glass,  must  have  a 
deep  yellow  colour,  be  perfectly  transparent,  and  be  immediately  covered  with  a  pellicle 
of  regenerated  indigo  when  exposed  to  the  air.    Eight  or  nine  vats  are  all  set  alike. 

The  pieces  to  be  dipped  are  hooked  backwards  and  forwards  on  a  rectangular 
frame  which  just  fits  the  vats,  so  that  the  cloth  can  be  immersed,  but  still  not  so  deep 
as  to  touch  the  sediment  of  the  vats.  The  process  is  thus  performed :  —  The  lime-vat 
No.  1  being  stirred  up,  the  frame,  which  contains  two  pieces,  is  lowered  down  into  it, 
so  as  to  completely  immerse  the  pieces ;  a  gentle  up  and  down  movement  is  given  by 
hand.    The  frame  is  aUowed  to  stay  10  minutes  in,  is  then  lifted  out  and  supported 
over  the  vat  by  rods  put  across.    After  draining  here  a  few  minutes  it  is  then 
removed  and  immersed  in  vat  No.  2,  or  the  first  indigo  vat.    It  stays  here  seven 
minutes,  is  lifted  out,  and  drained  as  before  over  the  vat  8  minutes,  then  removed 
to  No.  3  vat,  and  so  on  till  it  has  gone  through  the  whole  series,  or  till  the  shade  of 
blue  is  considered  strong  enough.    After  the  last  dip  the  pieces  are  unhooked  and 
"^'•"■"f  is         of  water,  then  winced  about  10  minutes  in  a  pit  containing  sulphuric 
acid  at  6°  T.,  washed  well  m  the  wheel,  squeezed,  and  di-ied.    In  large  dvehouses 
there  is  an  arrangement  for  collecting  all  the  waste  indigo  which  is  washed  off  the 
pieces,  by  running  all  the  water  used  into  a  vaulted  chamber  under  the  dvehouse 
where  it  passes  from  one  compartment  to  another,  gradually  depositing  the  suspended 
mdigo,  which  is  periodically  removed.  fcuucll 
In  heavy  bodies  of  colour,  the  paste  sometimes  slips  or  the  shapes  become  irregular  , 
this  IS  counteracted  by  usmg  the  first  indigo  vat  raked  up  instead  of  clear.    The  vats 
are  used  till  nearly  exhausted,  and  then  the  clear  liquor  pumped  off  to  be  used  instead 
of  water  for  setting  fresh  vats  with.  ^uaieau 

B.  Blue  and  Yellow,  or  Orange.  —  Print  in  one  of  the  reserve  pastes,  and  yellow  or 
orange  colour  made  as  follows  :  —  if  yeiiow  or 

bofh^'l^-;  <;'''-7f^f°"'./°'-,^'^^A^«e--2  gallons  water,  20  lbs.  sulphate  copper 

o?i!!rd  Emsf  Kntre^hr"'  '  '^te 

draTneVt"o??^icf  paTte.'"'  ''^  '^■P''"*'"''*  ""^^'"^  --"i-*  No.  8,  and  is 
1  Orange. -Make  a  standard  liquor  by  dissolving  24  lbs.  white  acetate  of 

SSeraL^rcS  '"^^  '''"--^  tillWtl/wLrthet  iJ 

of  tU'Lr  fbotTIllo^^^^^^  ^'"^  g^lo- 

S^.*^r'!.:°ri!li!^f?5fe^V  -  for  Wue  and  white.    After  wincing 


and  wash  well,  and  dry.  ^  ^  ^^'g^t ;  then  take  out 

Other  varieties  of  blue  dyeing  are  •  — 
c.  Two  blues. 

D.  Two  blues  and  white.  •  « 

E.  Two  blues,  white,  and  yellow  or  orange  * 

F.  Dark  blue  and  green. 

G.  Two  blues  and  yellow. 

thZs^Iompotd  =  1^^^^  '''''''  °'  ^^-^^     fi-' the  eloth.    The  light  blue  vat  is 

(No.  3.)  Light  Bine  Vat.  1000  gallons  water  4n  1^=  ;„^- 
I.me.    Fore.  Dip  light  blue  by  tLee  immersions  drawfnf"  n^''  ''"PP^™^.  80  lbs. 
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dark  British  gum,  raise  this  as  described  under  the  head  Bronzes,  dry  and  block  in 
a  reserve  paste  No.  65,  tlien  lime  and  dip  in  the  diy-k  blue  vat,  letting  stay  in  half  an 
hour,  remove,  oxidise  in  the  air,  wash  and  sour  with  dilute  muriatic  acid  to  which 
some  muriate  of  tin  liquor  has  been  added,  wash  and  dry ;  where  the  peroxide  of 
manganese  had  been  is  now  dark  blue,  the  ground  pale  blue  with  white  object. 

For  E.  Print  as  d,  with  yellow  or  orange  in  addition,  and  after  the  sulphuric 
sours,  raise  yellow  or  orange  as  before. 

Dip  light  blue;  print  reserve  paste  and  yellow,  dip  dark  blue;  wince;  sour  in 
eulphuric  sours  at  6°  T. ;  wince  in  water;  chrome  at  140°  F.  10  minutes  at  2  oz. 
bichromate  per  gallon  ;  "wince,  wash,  and  sour  in  the  following :  —  7  lbs.  oxalic  acid, 
8  lbs.  strong  sulphuric  acid ;  dilute  with  water  to  standard  6°  T. ;  wince  till  the 
yellow  is  bright ;  then  wash  and  dry. 

A  style  formerly  very  much  in  vogue,  but  now  scarcely  ever  used,  is  the  neutral  or 
Lazulite  style.  It  consists  in  combining  mordants  with  reserves,  and  dipping  blue; 
the  colours  throw  off  the  blue,  and  are  subsequently  dyed  with  madder. 

Neutrals  are  of  two  sorts — 

1.  Where  reds  and  chocolate,  or  black,  with  resist  white  are  printed,  and  dipped 
light  blue,  the  resist  white  being  only  required  to  resist  the  blue. 

2.  Where  the  white  is  required  to  cut  through  the  block,  reds  or  chocolate  in  addition 
to  the  blue. 

The  following  are  examples  of  lazulite  colours  for  the  first  variety. 

No.  73.  Black  (Machine).— 4:  quarts  logwood  liquor  at  12°  T.,  1  quart  gall  liquor 
at  9°  T.,  1  quart  red  liquor  at  20°  T.,  1  quart  iron  liquor  at  24''  T.,  1  quart  acetic  acid, 
thicken  with  3  lbs.  flour,  and  8  oz.  starch :  when  boiled,  add  1  pint  Gallipoli  oil, 
and  1  pint  turpentine.  .  „  m  , 

No.  74.  Chocolate  (Machine).  — 5  quarts  red  hquor  at  12°  T.,  1  quart  iron 
liquor  at  24°  T.,  U  lbs.  sulphate  of  copper,  24  oz.  measure  of  nitrate  of  copper  at 
100°  T.,  thicken  with  2i  lbs.  flour,  and  ^  lb.  dark  British  gum.  _ 

No.  75.  Chocolate  (5focA).  — 5  quarts  red  liquor  12°  T.,  1  quart  iron  liquor  24°  T., 
2i  lbs.  sulphate  of  copper,  36  oz.  measure  nitrate  of  copper  at  100°  T.,  9  lbs.  pipe 
clay  beat  up  well,  and  add  3  quarts  of  gum  Senegal  solution  at  5  lbs.  per.  gallon. 

No  76.  resist  i?ed(B/ocA).- 2  quarts  red  liquor  22°  T.,  5f  oz.  white  ace- 

tate of  lead,  4A  oz.  sulphate  of  copper,  dissolve,  and  beat  up  m  it  6^  lbs.  pipe  clay. 
Thicken  separately  2  quarts  red  liquor  at  12°  T.,  with  12  oz.  flour  and  add  when 
boiliuK  hot  8  oz.  of  soft  soap  melted  ;  mix  well,  add  the  pipe  clay  mix  ure  o  this,  and 
then  2  quarts  red  liquor  at  2°  T.,  thickened  by  dissolvmg  gum  Senegal  in  it.    Stir  the 

whole  ^f^^j;^'^;^;^^  (Machine).-20  quarts  nitrate  of  zinc  at  36  B.,  10  quarts 
water  coloured  with  a  little  peachwood,  12^  lbs.  alum,  10  lbs.  acetate  of  lead;  dis- 
so£  an  together  with  heat,  stir  till  cool,  thicken  aU  together  with  8  lbs.  flour,  and 

'*No%t'\uy  SdfoTpale  red  is  made  for  block  by  substituting  the  -d  liquor  in 

colou^  No  76  by  the  mordant  No.  8.  reduced  with  water,  according  to  the  shade  wanted. 
No  79  An/shade  of  pale  red  for  machine  is  made  by  reducing  the  quantities  of 

alum  and  acetate  of  lead  in  colour  No.  77. 

ThPwldte  reserve  for  this  variety  of  neutrals  is  either  of  the  mild  pastes.  _ 
S  80  %s™or-2gallonl  water,  24  lbs  catechu,  6  lbs.  sal  ammoniac,  1 

ga?oa  ac;tSdrboil  15  minutes,  and  add  7^  gallons  gum  solution,  5  quarts  nitrate 

°^prm.-Tre  Colours  after  printing  are  aged  3  days,  then  dipped  light  blue  in 
'''\So7?!^!^aZat.-lOOO  gallons  water,  120  lbs.  indigo,  135  lbs.  copperas,  150 

through;  after  leaving  the  vat,  they  "^^"^f  °ater,  from  that  into  a  beck 

""■ll  ."f.».nl  SSro't^u'Si.  the         «  '»  """"" 

blue,  and  is  made  thus  :  —  n„orts  lime  iuice  at  30°  T.,  1  quart  water. 
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be  in  a  pattern  -which  should  register  accurately  with  the  subsequent  colours,  as  it 
must  be  dried  perfectly  before  the  other  colours  are  printed,  to  avoid  obtaining  irregular 
shapes  ;  the  above  reserve  colours  are  then  printed  over  the  neutral  white.  Mild  paste 
Nos.  71,  72  may  also  be  printed  along  with  the  other  colours,  to  reserve  a  white  under 
the  blue  only.    The  subsequent  process  is  the  same  as  for  the  first  variety. 

After  dyeing  madder  and  garancin,  and  clearing  with  soap,  &c. ,  steam  or  spirit  colours 
are  generally  blockedin.  Parts  of  the  yellow  being  made  to  fall  over  the  blue  form  green. 

Sixth  Style  :  China  Blues. 

China  blues,  so  called  from  the  shade  of  blue  resembling  that  on  porcelain.  In  this  style 
mdigo  IS  pnnted  on.and  made  to  penetrate  and  fix  in  the  cloth  by  the  subsequent  process. 

The  colour  is  made  thus  :  — 
_  No.  83.  StaTidard  China  Blue.—  In  an  indigo  mill  are  put  45  lbs.  indigo,  9  gallons 
iron  liquor  at  24°  T.,  and  18  lbs.  copperas,  the  whole  ground  till  quite  fi£^e  ;  thin  add 
7j  gallons  gum  Senegal  solution  at  6  lbs.  per  gallon;  grind  an  hour  longer,  take  out 
and  wash  the  mill  with  6  quarts  hot  water,  and  add  to  the  above 

No.  84.  China  blue  gum. -Gum  Senegal  solution  at  3  lbs.  per  gallon,  containing 
4  oz.  copperas  per  gallon.  t>       >  " 

Colours  are  made  by  reducing  the  standard  blue  with  the  gum,  according  to  the 
pattern  and  strength  required.    For  instance,  for  two  blues  of  medium  shades^:  _ 
-WO.  fe5.  tstrong  Blue.~\  volume  standard,  2  volumes  gum. 
No.  86.  Pale  Bliie.—l  volume  standard,  10  volumes  gum 

After  printing,  age  one  night,  and  raise  as  follows  :  —  Two  vats  similnr  to  inrlio-r. 
vats  are  set.  No.  1.  1000  gallons  water,  500  lbs.  slaked  anrdrrit  -  N^  2  S^o- 
Xr.t  f  PP"f/,,S°  T.  In  each  vat  is  lowered  a  frame,  which  is  provided  with 
friz  ■        k"*^  ^T"^'        '°  '^^^  ^         of  bushes  at  each  side  of  the 

frame  just  above  the  surface  of  the  liquor,  in  which  are  put  beams,  on  which  he 
ZfZ  nn^T^  alternately;   the  bearings  of  the  beams  being  jist  above" 
surface  of  the  liquor,  allows  the  roll  of  pieces  to  be  always  half  in  and  ha  f  out  of  e 
w  '^^Vvoc^^img  is  this.— A  beam  containing  two  or  threJ  pieces 

stitched  end  to  end  is  placed  on  a  small  frame  at  one  side  of  v.<it  No.  1  Ld  by  menns 
of  a  cord  previously  threaded  through  the  rollers  in  the  vit  thl  JL       ^  ?  ? 
wound  through  the  vat  and  on  to  a  beam  plae  d  n'Ve  JaS^S  Vthron^^^^ 

then  put  nto  sulphuric  sours  it  ino  t  ■'  "etaoh  and  wince  m  water ; 

white^  appear  quL  clLrthen  w"sh  wk  " 1  SSt.o'o  ^""1  ^'''"T 

'w^r  iigtr^f°si'ch ''^p;"^  difficult 

indigo  and  sulphate  of  irof  ternaTei?™p^^rto  tL         ''1"%°" -'^^ 
lime,  the  blue  is  deoxidised,  because  a  fitoVf  the  sulnhni  .^^        • 'Pf 
protoxide  of  iron  comes  forth  to  seize  hTovvo^l  ■  ."""^     decomposed,  and 

green,  and  soluble  at  the  same  time  in  HmeSr     tL  *°  "^^^^  >'<^"°^- 

ofthe  fibres,  and,  on  exposure  to  L°r  Tbsorbf;.  ^hen,  it  penetrates  into  the  heart 
andfixedwithintheirporL  On  dinni^rro  1  -^^^^  ?  *°  ''^'^^^^  insoluble 
of  iron,  a  layer  of  oxidfis  formed  its  wh^^^^^^  T  '^'T''^  of  sulphate 
action  only  upon  those  parts  th^are  cove  ed  iuh  ""i  ""^'^  """'^^  '^^^••«''«^s  an 
It;  thus  rendering  a  secLd  dose  solX  bv  IjlV^  ^^T-'  leoxidises  a  portion  of 
hme  bath.  Hence  we  see  tharwhne  fhl<f/  u  'ntervention  of  the  second  dip  in  the 
of  deoxidisement,  solutTon   and  J  -^Seme^^^^^      '"'"''''""^  ^^^^  '^^^  ^e'-iea 

"orj  '  h'^'""  ^V"'^'^"" '-"^^^^^^^^^^  '  progressively  in- 

^eT^::l'^^^:'^T'^  -^discharge. 

copperas,  65  lbs.  lime,  dry  slaked  rih'r..  ^-^^"?' 25  lbs.  indigo,  45  lbs 
and  settled  clear.  ^  <=^"stic  soda,  24°  T. ;  raked  up  2  days' 
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pieces  to  be  dipped  are  stretched  end  to  end,  and  a  length  of  cord  being  threaded 
through  all  the  vats  and  fastened  to  a  drawing  rolloi-  H  tliG  end  of  the  foiirlli,  the  pieces 
are  drawn  slowly  through  between  the  first  and  second;  the  cloth  is  made  to  travel 
several  yards  so  as  to  ensure  oxidation  of  the  indigo  before  going  into  the  lead  vat; 
after  leaving  the  fourth,  they  are  detached,  winced,  and  washed  well. 

For  dipped  greens,  either  white  cloth  is  printed  in  patterns,  as  spots,  &c.  with  mild 
paste,  Nos.  69,  70  ;  or  a  pattern  previously  printed  in  madder  colours  and  dyed,  &c. 
is  covered  up  with  mild  paste  by  block  ;  the  cloth  being  now  dipped  green,  the  pattern 
or  spots  are  reserved  or  untouched  by  the  green :  a  very  good  ettect  is  produced  by 
dipping  tbe  Burgundy  and  acid  No.  4,  green,  -when  the  Burgundy  part  comes  out 
a  beautiful  chocolate,  and  the  white  part  green. 

Acid  Discharyc  on  Blue. —  A  blue  and  white  style,  but  which  permits  the  most  deli- 
cate pattern  to  be  printed,  which  is  not  the  case  with  the  ordinary  blue  and  white 
style.  The  cloth  is  first  dipped  a  medium  shade  of  blue,  washed  and  dried,  then 
padded  in  bichromate  of  potash  at  6°  T.,  and  carefuUy  dried  in  the  shade,  without 
artificial  heat,  and  printed  in  the  following  colour :  — 

No.  87.  White  Discharge  for  Blues. — 1  gallon  water,  thicken  with  2  lbs.  flour, 
and  2  lbs.  dark  British  gum ;  when  partly  cooled,  add  2  lbs.  oxalic  acid,  and  when 
quite  cold,  7^  oz.  measure  sulphuric  acid.  A  few  seconds  after  the  colour  is  printed 
on  the  padded  cloth  the  blue  is  discharged,  and  a  dirty  white  left  in  the  printed 
parts;  after  printing,  the  pieces  are  dried  so  as  to  leave  them  slightly  damp,  and  im- 
mediately winced  in  chalk  and  water,  then  winced  in  sulphuric  sours  at  2°  T.,  winced 
and  well  washed;  the  printed  pattern  is  now  a  pure  white,  and  if  care  has  been 
taken  not  to  dry  the  bichromate  too  hard,  and  not  expose  it  to  sunlight,  the  blue  is 
bright  and  good. 

This  ingenious  process  was  the  invention  of  Mr.  John  Mercer.  At  the  moment  the 
block  applies  the  preceding  discharge  to  the  bichromate  dye,  there  is  a  sudden  de- 
coloration, and  a  production  of  a  peculiar  odour. 

Tbe  pieces  padded  with  the  bichromate  must  be  dried  at  a  moderate  temperature, 
and  in  the  shade.  Whenever  watery  solutions  of  chromate  of  potash  and  tartaric  acid 
are  mixed  an  effervescence  takes  place,  during  which  the  mixture  possesses  the  power 
of  destroying  vegetable  colours.    This  property  lasts  no  longer  than  the  effervescence. 

Seventh  Style :  Discharge  on  Turkey  Red  Ground. 

No.  88.  Wliite  Discharge  {Machine). — 8  lbs.  light  British  gum,  1  gallon  tartaric  acid 
liquor  62°  T.,  1  gallon  acetic  acid  6°  T. 

No.  89.  White  Discharge  (Block).  —  The  above  colour  a  little  thinner. 

No.  90.  Black  for  Turkey  Bed.  — 7  gallons  logwood  liquor  at  8°  T.,  1  gallon  pyro- 
ligneous  acid,  10  lbs  starch;  boil  and  add  2  lbs.  10  oz.  copperas;  boil  again  and 
cool,  then  add  3^  pints  pernitrate  of  iron  at  80°  T.,  and  1  gallon  of  blue  paste. 

No.  91.  Blue  Paste.— (a)  6  lbs.  copperas,  2  quarts  water;  dissolve,  (b)  4lbs.prus- 
siate  of  potash,  1  gallon  of  water;  dissolve.  Mix  a  and  b  together,  and  add  1  quart 
standard  red  liquor  No.  8,  1  quart  nitric  acid  60°  T. 

No  92.  Yellow  Discharge  (Block).— 1  gallon  lime  juice  at  50  T.,  4  Ibs.tartaric  acid, 
4  lbs.' nitrate  of  lead;  dissolve,  thicken  with  6  lbs.  pipeclay,  and  3  lbs.  gum  Senegal. 

No.  93.  Yellow  Discharge  (ilfac/izne).— Thicken  the  above  with  1^  lbs.  starch,  mstead 

of  the  pipeclay  and  gum.  _  _  „  rr.     ,  i,. 

No  94  Yellow  Discharge  (Machine).— I  gallon  lime  juice  at  40°  T.,  4^  lbs.  tartaric 
acid,  5  lbs.  white  acetate  of  lead,  1^  lbs.  starch;  boil  and  cool,  then  add  1  lb.  14  oz. 

nitric  acid,  at  60°.  .    , ,     ,  ,t  , 

No  95  Blue  Discharge  (Machine).  —  (a)  1  lb.  Prussian  blue,  1  lb.  oxalic  acid,  1  quart 
hot  water-  erind  well  together,  and  leave  to  react  on  each  other  24  hours;  then  (b) 
3  quarts  of  water,  1^  lbs.  starch;  boil,  and  add  2  lbs.  tartaric  acid,  and  mix  a  and  6 

*°  NoTe  Green  Discharge  (Machine).—!^  gallons  No.  95  blue,  1  gallon  No.  94  yellow. 
Process  Print  in  any  of  the  above  colours,  and  as  soon  as  dry  from  the  machme, 
nut  through  the  decolouring  vat.  i  ii 

CNo  9^  2)ecoto<rmff  F«i.- 1000  gallons  water,  1000  lbs.  chloride  of  hme;  rake  w.ll 
ni^  till  quite  smooth  and  free  from  lumps,  then  immerse  a  frame  with  rollers  top  and 
bottom  as  in  dipping  greens,  &c.;  keep  the  vat  stirred  up  so  as  to  be  milky,  and  run 
fhe  S^^es  hrough  at  The  rate  of  1  piece  of  28  yards  in  3  minutes  ;  on  leaving  the 
snueezS  rollers,  conduct  into  water  and  riuce,  then  wince  10  minutes  in  bichromate 
of  not' sh  at  4°  T  ;  wash  and  wince  in  very  dilute  muriatic  acid  ;  wash  well  and  dry 

fn  his  7ty\e  suih  is  the  permanence  of  the  Turkey  red  dye,  that  it  is  not  much 
alte  ed  by  passing  through  chloride  of  lime,  whilst  in  the  parts  printed  in  the  discharge 
coCi  L^iStaneoifs  disengagement  of  chlorine  takes  plaee,  -  '-J.^'l-",^'■- 
the  dyed  ground,  and  where  a  mineral  colour  or  momant  foriued  J''^  '^^ 
charge,  it  is  left  in  place  of  the  red  dye.    This  style  was  mvented  in  1811  by  M.  D. 


CALICO-PRINTING.  547 

Koechlin,  and  patented  in  England  by  Mr.  James  Thompson,  of  Primrose,  who  printed 
immense  quantities  of  it. 

The  Bandanna  printing,  being  a  business  of  itself,  is  more  fitly  described  in  another 
place.    (See  Bandanna.) 

Eighth  Style :  Steam  Colours. 

The  printing  of  steam  colours  may  be  considered  as  a  mode  of  dyeing  at  one  oper- 
ation, tor  m  most  cases  one  or  more  mordants  are  mixed  with  dye-wood  decoction."! 
and  prmted  on  the  cloth,  the  subsequent  steaming  causing  the  mordant  to  combine  with 
the  colounng  matter,  and  both  with  the  cloth.  Steam  colours  in  some  cases  are  made  so 
as  to  produce  a  fa,r  colour  when  printed  on  ordinary  white  calico;  but  much  superior 
fib  e  nnd'  l^f^^  ^7,.  mordantmg  the  cloth  first,  so  as  to  fix  peroxide  of  tin  in  the 
fibie;  and  as  this  IS  ^the  almost  universal  rule,  it  is  this  sort  of  steam  printing  alone 
that  will  be  described.  Woollen  fabrics,  indeed,  require  a  good  prepaS  by  ti^ 
Th  f"',T  ''^^'y.^^f  substantial  colours  can  be  fixed  on  them  by  steam  ^ 

Ihe  following  IS  the  mode  of  preparing  calicoes  for  steam  colours  — 

a  .nlnVnn  '  f  ^T^'"'''  P^'^'""^  "^^'^^^  ^^'1^  WOOdeU  bowls,  thrOU-h 

a  solution  of  stannate  of  soda  at  10°  T.  twice  over,  letting  them  lie  wet  an  hoir  be- 
tween;  immediately  after  padding  the  second  time,  run  thfongh  a  cistern  whh  rollers 
con  aming  d.lu  e  sulphuric  acid  at  U°  to  3°  T.,  thence  into  a  pi  of  water  w  nee 
ct:^  '^r'f^^  f  ^"^'^''^S  It  has  been  observed  by  Mr  James 

tonn7,'    '  ^"'^  °f  precipitated  on  k  ifs^Wed 

Sus7be7;e™&ta?e'tb  '        '^"^^'^  1-^"^  -        no  ^ore 

thr^inti,^  i  stage  than  will  remove  the  free  sulphuric  acid.    It  appears  that 

wash  t '  Tfti"'^'""^       "^■'^'^  '°  P^'-'^''"^  the  oxide  again  by  seveS 

Then  ltfl  t  ^        '"f'       ^'^""^       unstitched,  and  put  in  the  hydro- extractor 

ThP  fnuF?  ^"r'"/'''  '''^"^  cylinders,  and  are  then  ready  for  pr  ndng 
calTco :  -  °'  ^'"^^  ^"'^P"^^^  '1^-  -ual  variety  o/shades%rinted  on 

liaS,r  Vt'JT\^^''''l  1  gallon  logwood  liquor  at  12°  T.,  1  quart  irill 

i  pin?  ntr'ate'^^f  '11^!^'  '  '      ^'^'^^  '  ^"'^  ^ «  minu'te^'^and  fdd 

Steam  Black  Mordant. —  1  quart  acetic  arid    ii  *  ^  <. 

No.  99.  Z)a?-/i  Blue  (Mnrh:„^\     •?  „  11  potasli,  2,  ibs.  red  prussiate. 

niac  ;  boil,  and  'add  whS  "  l^s'  y'^ lt%7utl'J:;tf 'r''  '""t 
prussiate  of  potash,  6  lbs.  tartaric  aci?  rd'XTtarlr  P^^'f^  ' 

(specific  gravity  1-85),  lib.  oxalic  acid  dis.nlvp.l  "n  o  !  '.T..''?^'^'.'  ^       ^I'phunc  acid 


No.  100.- 
British  gum 
alum. 


ilum,  4  oz.  oxalic  acid,  4  oz.  sulphuric  acid  at  1 70° V  .    "^'""^^      ammonia,  8  oz. 

No.  101.  Cir,nan,on:-^  quartVoch  n^l  liquo  atl'^  T  '^TT  '^r'"" 
8°  T.,  1  quart  berry  liquor  at  10°T   6  oz  Xm  4         '     ^"''i''  ^""i^^^^  ^mor  at 

'  Nriio"";]^*     '  --i;ti:f:tiu  c";yjtri:: « °-  ^^--^ ; 

hoi,  20  mlnuSrs^rai;.,';  ^ad^fq^i^S  m^"^^  f  =  -ter; 

''To'  To.'V  f'Y^'  '"-'^  gn-rbiutfii  wa"et°'        ''''  '       ^'^^  =  till 

of  potash  in  sXtX^rwmKrpSetlllftir^^^^^^^  ^^''^^  P™--te 

decantation,  and  filtered  to  a  stiff  paste  ftrroprussiate  ;  this  is  washed  by 

gumUs'uut^watc?.'"  >^  i»/ac/„V.._i  gallon  dark  blue  No.  99,  3  gallons  4..1b 

4 -alJ^fl^aff  S'^^  liquor  at  .0      , , 

of-tin  crystals,  2  lbs.  oxalic  acid.  ^      substitute  ;  boil,  and  add  2  lbs.  muriate- 

^^i-^^:oS:t::';;;^,^^^^  at  eo  T..  2  lbs.  alum,  2  lbs. 

No.  J07.  fW/,;«<>^    o     11  M     ^         e:um-Senegal  water 

red  prussiate  of^ot  r:ti;7a  ic^acM  12  o- 'alun,  g  o. 

''No^r8'"T  inst::ro/fg'a^,^:;^^  ^um-substitute  water.   If  ',,1^ 

liq«o":at  8°T  tn^n'  /^"'''™'^^--'  '^"^'•'^  Sapan  liquor  at  12°  T    o  „     .  . 
i„\l  /  '    ^"arts  nitrate  of  alumina  No  ino  Ki       \     ,    "  ^  Quarts  bark 

tute,  4  quarts  water,  4  oz.  chlorate  of  po^sh  12      aSm  ^  e"n..snbsti- 
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No.  109.  Nitrate  of  Alumina. — 8  gallons  boiling  water,  24  lbs.  nitrate-of-K'ad  crys- 
tals, 24  lbs.  alum,  5  lbs.  carbonate -ot'-soda  crystals;  let  settle,  and  use  the  clear. 

No.  110.  Blue  Standanl. — 1  gallon  water,  12  oz^aluin,  4^  oz.  oxalic  acid,  l|  lbs, 
yellow  prussiate  of  potash,  1  gallon  giini-substitute  water. 

No.  111.  Lavender  Liquor.  —  2  gallons  red  liquor  at  18°  T.,  G  lbs.  ground  logwood; 
let  steep  for  48  hours,  then  strain  off  the  liquor. 

No.  112.  Lavender. —~  i  gallons  lavender  liquor  No.  Ill,  4  gallons  blue  standard 
No.  110,  from  24  to  48  gallons  gum  water,  according  to  shade  wanted. 

No.  113.  Drab. — 4  gallons  lavender  liquor,  4  gallons  blue  standard,  1  gallon  bark 
liquor  at  8°  T.,  from  40  to  70  gallons  gum  water,  according  to  shade  wanted. 

No.  114.  Stone. — 4  gallons  lavender  liquor  No.  111,6  gallons  blue  standard  No.  1 1 0, 
1  gallon  bark  liquor  at  12°  T.,  reduced  same  as  drab. 

No.  115.  Sage  Green  for  Blotch  Grounds  2  gallons  yellow  No.  48,  2  gallons  blue 

standard  No.  110,  from  28  to  56  gallons  gum  water,  according  to  shade  wanted. 

No.  116.  Yelloiu.—  A  gallons  berry  liquor  at  12°  T.,  li  lb.  alum. 

No.  117.  Brown  Standard. —  14  quarts  bark  liquor  at  12°  T.,  3i  quarts  Sapan 
liquor  at  12°  T.,  1^  quarts  logwood  liquor  at  12°  T.,  12  quarts  8-lb."gum-substitute 
water,  3j  lbs.  alum,  2  oz.  chlorate  of  potash,  5  oz.  red  prussiate.  All  shades  of 
light  browns  are  made  from  this  by  reducing  with  gum-substitute  water,  according  to 
shade  wanted. 

No.  118.  Yellow. — 4  gallons  bark  at  8°  T.,  2  quarts  red  liquor  at  18°  T.,  2  quarts 
nitrate  of  alumina  No.  109,  12  oz.  tin  crystals,  5  lbs.  starch. 

No.  119.  Green  for  Block. — 28  lbs.  yellow  prussiate  of  potash,  6  gallons  hot  water  ; 
in  a  separate  vessel  10  gallons  6-lb.  gum-Senegal  water,  2  gallons  water,  1  gallon 
muriate  of  tin  at  120°  T. ;  mix  the  prussiate  solution  with  the  tin  and  gum  by  pouring 
one  into  the  other,  and  violently  agitating ;  when  quite  fine  and  free  from  fiocculent 
matter,  add  12  gallons  berry  liquor  at  10°  T.,  then  add  12  lbs.  and  2^  lbs.  oxalic  acid 
dissolved  in  5  gallons  water,  then  3  quarts  acetic  acid,  and  2i  gills  extract  of  indigo. 

No.  120.  Brown  —  6  quarts  berry  liquor  at  20°  T.,  6  quarts  Brazil-wood  liquor  at 
8°  T.,  3  lbs.  alum,  3  quarts  lavender  liquor,  6  quarts  6-lb.  gum-Senegal  water,  24  oz. 
nitrate  of  copper  at  100°  T. 

After  printing,  the  pieces  are  hung  for  some  hours  to  equalise  their  temperature, 
and  are  then  steamed. 

There  are  two  methods  of  steaming  now  commonly  employed  —  the  column  and 
the  chest.  The  column  is  a  hollow  cylinder  of  copper,  from  3  to  5  inches  in  diameter, 
and  about  44  inches  long,  perforated  over  its  whole  surface  with  holes  of  about  Vg^h 
of  an  inch,  placed  about  ^  of  an  inch  asunder.  A  circular  plate,  about  9  inches 
diameter,  is  soldered  to  the  lower  end  of  the  column,  destined  to  prevent  the  coil  of 
cloth  from  sliding  down  off  the  cylinder.  The  lower  end  of  the  column  terminates 
in  a  pipe,  mounted  with  a  stopcock  for  regulating  the  admission  of  steam  from  the 
main  steam  boiler  of  the  factory.  In  some  cases,  the  pipe  fixed  to  the  lower  surface 
of  the  disc  is  made  tapering,  and  fits  into  a  conical  socket,  in  a  strong  iron  or  copper 
box,  fixed  to  a  solid  pedestal ;  the  steam  pipe  enters  into  one  side  of  that  box,  and  is 
provided,  of  course,  with  a  stopcock.  The  condensed  water  of  the  column  falls  down 
into  that  chest,  and  may  be  let  off  by  a  descending  tube  and  a  stopcock.  In  other 
forms  of  the  column,  the  conical  junction  pipe  is  at  its  top,  and  fits  there  mto  an 
inverted  socket  connected  with  a  steam  chest,  while  the  bottom  has  a  very  small 
tubular  outlet,  so  that  the  steam  may  be  exposed  to  a  certain  pressure  in  the  column 
when  it  is  encased  with  cloth.  . 

The  pieces  are  lapped  round  this  column,  but  not  in  immediate  contact  with  it ;  tor 
the  copper  cylinder  is  first  enveloped  in  a  few  coils  of  blanket  stuff,  then  with  several 
coils  of  white  calico,  next  with  the  several  pieces  of  the  printed  goods,  stitched  end- 
wise and  lastly,  with  an  outward  mantle  of  white  calico.  In  the  course  of  the  lapping 
and  unlapping  of  such  a  length  of  webs,  the  cylinder  is  laid  in  a  horizontal  frame,  m 
which  it  is  made  to  revolve.  In  the  act  of  steaming,  however,  it  is  fixed  upright,  by 
one  of  the  methods  above  described.  The  steaming  lasts  for  20  or  30  minutes,  accord- 
ine  to  the  nature  of  the  dyes;  those  which  contain  much  solution  of  tin  admit  ot  ess 
steaming.  Whenever  the  steam  is  shut  off,  the  goods  must  be  immediately  uncoiled, 
to  prevent  the  chance  of  any  aqueous  condensation.  The  unrolled  pieces  are  tree 
from  damp,  and  require  only  to  be  exposed  for  a  few  minutes  in  the  air  to  appear 
perfectly  dry.  Were  water  condensed  during  the  process,  it  would  be  apt  to  make 
the  colours  run. 


of 

are  about  12  feet  in  length 


are  anoui  vj.  leet  lu  leugLn      u  i^^i.  -  ----  --    -  o  ,  . 

It  is  provided  with  closely-folding  doors  at  one  end,  with  a  cross  bar,  ^1' "^n  °° 
fastened  with  wedges  or  screws.    There  is  a  perforated  false  bottom,  at  the  siune 
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level  as  the  room  in  which  the  steam  chest  stands;  underneath  the  false  hottom  is  a 
perforated  pipe,  running  round  three  sides  of  the  chest;  this  pipe  admits  the  steam, 
■which  is  further  diffused  by  the  holes  in  the  false  bottom.  On  the  false  bottom  is  laid 
a  pair  of  rails  parallel  with  the  sides  of  the  chest ;  these  rails  are  continued  outside 
the  chest  into  the  room,  the  parts  next  the  chest  for  about  3  feet  being  hinged  so  as  to 
be  moved  on  one  side  when  the  doors  are  opened  or  shut.  Upon  the  rails  moves  a 
rectangular  frame  of  wood,  which  just  fits  inside  the  chest,  and  stands  as  high  as  the 
commencement  of  the  slope  of  the  roof  This  frame,  when  drawn  out  into  the  room, 
is  filled  with  pieces  in  the  following  manner: — They  are  first  wound  on  an  open  reel, 
one  by  one,  the  selvages  of  each  fold  being  kept  as  parallel  as  possible.  The  piece  is 
then  slid  off  the  end  of  the  reel,  pulled  flat,  and  a  needle  and  thread  passed  through 
aU  the  selvages  of  one  side,  and  loops  made,  through  which  are  passed  wooden  rods, 
which  rest  on  the  sides  of  the  carriage.  The  pieces  being  thus  suspended  with  sel- 
vages downwards,  the  carriage,  being  filled  with  the  rods,  is  run  into  the  chest,  the 
doors  firmly  shut,  and  steam  turned  on,  the  steam  escaping  by  a  safety  valve.  They 
hang  thus  for  45  minutes,  are  taken  out,  unfolded,  and  loosely  folded  for  washing  off. 
They  are  next  stitched  end  to  end,  and  passed  through  a  cistern  with  water,  from  that 
into  a  cistern  containing  a  very  weak  solution  of  bichromate  potash  ;  they  are  then 
put  in  a  washing  machine,  hydro-extracted,  starched,  and  dried. 

The  colours  that  are  fixed  by  steaming  may,  with  one  or  two  exceptions,  be 
described  as  coloured  lakes  temporarily  held  in  solution  by  acids,  and  during  the 
steaming,  the  cloth  gradually  withdraws  these  lakes  from  solution,  the  acid  being 
either  dissipated  or  so  modified  as  to  be  incapable  of  holding  the  lakes  dissolved.  The 
state  of  the  steam  is  an  important  matter.  It  is  not  the  heat  alone  that  produces  the 
effect ;  for  it  may  easily  be  demonstrated  that  heating  cloth,  when  printed  and  di  ied, 
has  no  effect  whatever.  The  steam,  to  be  effective,  must  be  as  saturated  with  mois- 
ture as  possible,  and  for  this  reason  the  steaming  apparatus  should  never  be  near  the 
boiler:  it  is  no  disadvantage  for  the  steam  to  travel  a  considerable  distance  before 
being  applied.  In  some  print  works  the  steam  is  made  to  pass  through  water  in  a 
vessel  placed  below  the  steam  chest,  so  that  it  arrives  in  the  chest  perfectly  saturated 
with  water.  At  the  same  time,  the  steam  must  not  be  of  so  low  tension  as  to  cause  a 
deposit  of  moisture  on  the  pieces,  which  would  be  very  injurious,  by  causing  the 
colours  to  run  or  mix.  Steam  blue  depends  for  its  fixation  on  the  decomposition  of 
ferrocyanic  acid  by  the  high  temperature  and  presence  of  vapour  water  into  white 
insoluble  ferrocyanide  of  iron  and  potassium,  which,  by  acquiring  oxygen  from  the 
au-  or  durmg  the  washing-off,  becomes  Prussian  blue.  The  shade  of  it  is  much 
raodifaed  by  the  oxide  of  tin  in  the  cloth  and  the  prussiate  of  tin  that  forms  part  of 
the  colour.  It  appears  that  tin  substitutes  iron,  forming  a  compound  ferrocyanide  of 
tin  and  iron,  or  a  ferro-stanno-cyanide  of  iron,  which  is  of  a  deep  violet-blue  colour 
Greens  are  mixtures  of  yellow  lakes  with  the  Prussian  blue,  formed  by  decomposition 
In  both  these  colours  there  is  a  large  quantity  of  hydrocyanic  acid  disengaged 
dunng  the  steaming ;  steam  being  decomposed,  its  hydrogen  going  to  form  hydrocyanic 

Mousseline  de  laines  are  treated  somewhat  in  the  same  manner,  the  preparation  of 
the  c  oth  being  different,  and  the  colours  are  made  in  such  a  manner  as  o  fix 
equally  on  both  the  wool  and  the  cotton  of  the  fabric.  The  steaming  and  washing-off 
is  nearly  the  same  as  for  calicoes.    The  following  is  the  method  in  detail  —  ^ 

The  cloth  IS  first  well  bleached  (see  Bleaching)  and  sulphured.  This  operation 
IS  u  t^ially  performed  by  hanging  the  goods  in  a  close  stone  or  brick  chamber.^  Tra^s 
of  sulphur  being  lighted,  the  door  is  closed  tight,  and  the  pieces  stay  in  the  sulphurous 
gas  for  several  hours,  and  are  then  removed  and  washed.  An  improvemen  on  tMs 
method  was  patented  by  John  Thom,  and  is  here  shown.  provement  on  this 

tl,P  fV.r'''  ^"^".''"{3  ^PP'^rcUus.  -  Fig.  392.  A  is  the  roof , made  of  sheet  lead,  4  lbs  to 
o  t£  flue  V^:iV'T.'  ir'f diameter,  taking  off  the  excess  of  sulphu^us  ae  d 
n^W  T  ^  n  ^  °^  P'*^'^^"'  e°i°g  ™  on  one  side  and  coming  off  at  the 
other.    D  and  d,  rollers  of  wood,  three  inches  in  diameter,  with  iron  centres  a  the 

Fia  393  s!ot.'lh"'  f  •         '°  ^^'^      through  to  the  e  oth 

^^t^^&^t!:^:^^^-!:^  about 

sulphur  to  be  pushed  in,  and  to  aLi  what  a^may  be  t^^^^^^ 
may  be  from  half  an  inch  to  an  inch  wide.    It  costLs/  to 

rreparation.—  Fad  the  pieces,  previously  well  bleached "r«PP  Rr^.^„      n  • 
wooden  padding  machine  through  stannate  of  sodfat    J°^  wice  over  Ti'  "  "  ' 
throi>gh  a  cistern  with  rollers,  containing  dilute  sulphuric  acid  Tt  io  T  w  ^  ^f' 
aud  partially  dry,  then  pad  through  sulphomuriate  of  tin  at  4°  T.  twiJe' 
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No.  121.  Suiphomnriale  of  Tin.  —  3  quarts  muriate  of  tin  at  120°  T.,  1  quart  sul- 
phuric acid  at  170°  T.,  mixed  together  gradually,«nd  4  quarts  muriatic  acid  added; 


reduce  to  4°  T. 


392 


Run  from  this  without  washing  into  a  large  cistern  with  rollers,  containing  dilute 
chloride  of  lime  at  \°  T.,  then  wash,  put  in  the  hydro-extractor,  and  dry.  When 
wanted  for  printing,  pad  through  gum-Senegal  water  at  8  oz.  to  the  gallon,  and  dry. 
After  printing  they  are  hung  the  same  as  calicoes  to  equalise  the  temperature,  then 
hung  in  the  steam  chest  in  the  same  manner  as  calicoes,  and  steamed  4.1  rninutes. 
After  steaming,  they  are  unrolled  and  loosely  folded  for  washing-off,  which  is  done 
hy  wincing  over  a  reel  in  a  pit  of  water  gently  for  \  of  an  hour,  then  transferred  to  a 
washing  machine  or  large  automatic  wince  reel,  and  washed  till  no  more  coloured 
liquor  comes  away,  then  hydro-extracted,  and  dried  over  the  steam  cylinders.  After 
drying,  it  is  found  advantageous  to  hang  tlie  pieces  in  a  cool  room,  with  covered 
shutter  sides,  for  a  day  or  two,  so  that  tliey  may  imhibe  a  little  moisture,  and  the 
colours  appear  richer.  The  wool  in  mousseline  de  laines  is  apt  to  be  partially  decom- 
posed during  steaming,  and  sulphuretted  hydrogen  liberated,  which  decomposes  the 
metallic  salts,  such  as  nitrate  of  copper,  used  in  some  colours,  and  produces  a  very 
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disagreeable  effect,  termed  silvering.  To  avoid  this,  it  is  now  customary  to  wind  on 
the  reel  for  steaming,  at  the  same  time  as  the  printed  piece,  a  grey  or  unbleached 
piece,  which  has  been  padded  in  a  weak  solution  of  acetate  of  lead,  and  dried.  By 
this  means  the  printed  piece  is  steamed  in  contact  with  the  prepared  piece,  and  any 
sulphuretted  hydrogen  that  may  be  disengaged  is  immediately  absorbed  by  the  acetate 
of  lead. 

The  following  are  the  colours  used  in  mousseline-de-laine  printing: — 

No.  122.  Dark  Red. — 4  gallons  cochineal  liquor  at  10°  T.,  7  lbs.  starch;  boil,  and 
when  cooled  to  180°  F.,  add  1|  lb.  oxalic  acid,  and  when  this  is  dissolved,  U  lb. 
muriate-of'-tin  crystals. 

No.  123.  Chocolate.— e  gallons  Sapan  liquor  at  12°  T.,  2  gallons  logwood  liuuor  at 
12°  T.,  1  gaUon  bark  liquor  at  12°  T.,  16  lbs.  starch  ;  boU,  and  add  5|  lbs.  alum, 
12  oz.  chlorate  of  potash,  4i  lbs.  red  prussiate  of  potash. 

No.  124  Yellou> -4  gaUoas  berry  liquor  at  10°  T.,  5|  lbs.  starch,  1  lb.  pale  British 
.  gum;  boil,  and  add  If  lb.  muriate-of-tin  crystals. 

No.  125.  Dark  or  Royal  Blue.— 6  gallons  water,  6A  lbs.  starch,  2^  lbs.  sal  ammo- 
niac; boil  weU  and  add  6  gallons  tin  pulp  No.  103;  mix  well  into  the  paste,  and  add 
16  lbs.  pounded  yellow  prussiate  of  potash,  8  lbs.  red  prussiate,  24  lbs.  tartaric  acid 
and  1 J  lb.  oxalic  acid  previously  dissolved  in  4  pints  hot  water. 

No.  126.  Pale  Blues  are  made  from  the  dark  blue  No.  125,  by  reducinff  with  eum- 
substuute  water;  say  1  of  dark  blue  and  7  of  gum-water  for  pale  blue,  for  two  blues, 
and  1  of  dark-blue  and  14  of  gum  water  for  blotch  or  ground  blue 

if  aTk  ^ ^"^^  ^'"l^"'"  ^*  3  lbs.  alum,  6  lbs.  starch; 

boil,  and  add  6  lbs.  powdered  yellow  prussiate  of  potash,  1  lb.  muriate-of-tin  crystals 
lib.  oxalic  acid,  and  2|  pints  extract  of  indigo. 

noSb^'ni  ^^^'T'^T^-  berry  liquor  at  6°  T.,  If  lb.  yellow  prussiate  of 

pota  h   9^  02.  alum,  ^  p,nt  acetic  acid,  16  quarts  4.1b.  gum-Senegal  water  8  oz 
weight  muriate-of-tm  liquor  at  1 2°  T.,  f  pint  extract  of  indigo.         ^  ' 
190  T      ■  ^"'•\^7";»--2i  quarts  Sapan  liquor  at  8°  T.,  1  pint  logwood  liquor  at 
12°T.,  5  quarts  bark  hquor  at  10°  T.,  12  oz.  alum,  1  oz.  chlorate  of  potash   6  lbs 

^X'^f^n  T;  R """^        ^  P™^^'^*''  °f  2       oxalic  acid  ' 

No.  130.  Pale  Browns  are  made  from  the  dark-brown  No.  129  bv  reducino-  with 
gum  water,  say  1  to  3  or  1  to  5.  •         "7  leaucing  witn 

fine-ground  cochineal,  lib.  liquor  ammonia  snecific 
gravity  0-88;  put  in  a  jar  with  tight-fitting  cover,  which  may  be  luted  down  -  1  een  in 

No.  132  Scarlet.— ■S.  gallons  cochineal  liquor  at  12°  T.,  4  lbs  starch-  boil  .aa 
i  pint  oxymuriate  of  tin  at  100°  T  '  P™"^  ^^'t^- 


'rr,^f\r'i''-'''^^^^^^^^  ' 

of  '"''■'4"liq.or  No.  ,n,  6  ol  „„lioacid,  2  oz.  mea.»re 

1»S  Z,fS.TS  ">  logwood,' «Mp  ,2 

8  !^:.r"t,°7:^L':^3^:ilf''         «»■  »>.  M--,.  lavend,rU,uor  No.  Ul, 

^^^TT'''^-^'^^^  ^™™"  f-'. " 
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No.  144.  Purple  Liquor— \  gallon  lavender  liquor  No.  Ill,  3  oz.  oxalic  acid. 
No.  145.  Silver-drab  Standard.— a  quarts  galh.liquor  at  12°  T.,  2  quarts  standard 
blue  No.  136,  1  quart  lavender  liquor  No.  111. 

Colours  reduced  with  gum  water  from  tliis,  1  to  2  or  3. 

No.  146.  Bed  Mordant.— \  gallon  water,  6  lbs.  alum,  3  lbs.  white  acetate  of  lead- 
stir  till  dissolved,  let  settle,  and  use  the  clear.  ' 

No.  147.  Buff  Standard.— \  quart  cochineal  liquor  at  8°  T.,  ^  quarts  berry  liquor 
at  10°  T.,  1  quart  red  mordant  No.  146.  20  oz.  oxalic  acid. 

Colours  reduced  from  this  with  gum  water. 

No.  148.  Olive.— I  quart  lavender  liquor  No.  Ill,  2  quarts  berry  liquor  at  10°  T 
2  quarts  8-lb.  gum-Senegal  water.  '' 

In  mousseline-de-laine  printing  success  depends  more  on  the  bleaching  and  prepar- 
ing of  the  cloth  than  m  any  other  style.  To  Mr.  John  Mercer  is  due  the  merit  of 
having  effected  an  improvement  in  the  preparation  of  woollen  fabrics,  the  importance 
of  whieh  can  hardly  be  overrated.  Before  his  discovery  of  the  power  of  prepared 
wool  to  absorb  chlorine,  mousseline  de  laines  could  only  be  effectively  printed  by  block, 
which  allows  a  large  body  of  colour  to  be  laid  on,  and  the  fibre  supersaturated  with 
it.  Machine  colours  were  meagre  and  dull.  But  mousseline  de  laines  prepared  with 
tin,  and  then  subjected  to  the  action  of  chlorine  gas  (a.s  in  the  process  given  above, 
where  the  acid  salt  of  tin  remaining  in  the  cloth  disengages  chlorine  from  the  chloride 
of  lime),  have  their  power  of  absorbing  and  retaining  colour  considerably  enhanced. 
The  exact  part  the  chlorine  plays  is  not  well  known,  probably  a  compound  similar  to 
the  chloro-protein  of  Mulder  is  formed.  The  effect  produced  is  not  one,  as  might  be 
supposed,  of  oxidation;  but  apparently  a  merely  heightened  power  of  the  wool  to 
assimilate  colouring  matter.  Wool  subjected  to  chlorine  without  tin  is  much  improved 
in  its  capacity  for  colour,  but  nothing  like  the  same  when  prepared  with  tin  also.  The 
whole  of  the  chlorine  may  be  removed  from  the  cloth  by  passing  through  an  alkali, 
which  renders  it  necessary  to  give  the  stannate-of-soda  padding  previously  to  the 
chlorinating.  It  may  fairly  be  assumed  that  the  development  of  mousseline-de-laine 
printing  by  cylinder  to  the  present  perfection  is  due  in  a  great  measure  to  this  chlo- 
rinating process.  It  ought  also  to  be  stated  that,  with  rare  liberality,  Mr.  Mercer 
gave  the  discovery  to  the  trade,  reserving  for  himself  no  right  whatever. 


Ninth  Style  :  Spirit  Colours.  ' 

Topical  colours  of  great  brilliancy,  but  possessed  of  very  little  solidity,  are  made 
somewhat  like  steam  colours,  but  with  much  larger  proportions  of  "  spirits,"  by  which 
term  is  meant  the  metallic  salts  and  acids,  which,  combining  with  the  dyestnff  decoc- 
tions, give  the  peculiar  tone  and  vivacity  to  these  colours.  These  colours,  from  the 
large  admixture  of  these  salts,  are  necessarily  very  acid,  and  cannot  be  steamed  with- 
out the  destruction  of  the  cloth.  They  are  merely  gently  dried  after  printing,  and 
hung  in  the  ageing  room  for  several  hours,  then  rinsed  in  water,  washed,  and  dried. 

The  following  are  examples  of  spirit  colours : — 

No.  149.  Black. — 1  gallon  logwood  liquor  at  8°  T.,  1  gallon  water,  10  oz.  copperas, 

3  lbs.  starch;  boil,  and  add  ^  pint  pernitrate  of  iron  at  80°  T. 

No.  150.  jPink. — 1  gallon  Sapan  liquor  at  8°  T.,  1  gallon  water,  2  lbs.  common  salt, 
1|  lb.  starch  ;  boil,  cool,  and  add  1  pint  oxymuriate  of  tin  at  120°  T.,  3  oz.  measure 
nitrate  of  copper  at  80°  T. 

No.  151.  Blue. — 1  gallon  water,  1  lb.  yellow  prussiate  of  potash,  6  oz.  alum,  1^^  lb. 
starch  ;  boil,  and  add  f  pint  nitrate  of  iron  at  80°  T.,  1 J  gill  oxymuriate  of  tin  at 
120°  T. 

No.  152.  Brown.— \  gallon  berry  liquor  at  8°  T.,  2  lbs.  light  British  gum;  boil, 
and  add  1  lb.  muriate-of-tin  crystals,  2  quarts  spirit  pink  No.  150,  2  quarts  spirit  purple 
No.  153. 

No.  153.  Purple. — 1  gallon  logwood  liquor  at  8°  T.,  1  gallon  water,  10  oz.  copperas, 
2  lbs.  starch  ;  boil,  and  add  1  pint  protomuriate  of  iron  at  80°  T.,  1  pint  oxymuriate 
of  tin  a(l»120°  T. 

No.  154.  Orange.— \l  gallon  berry  liquor  at  8°  T.,  12  lbs.  light  British  gum  ;  boil, 
and  add  6  lbs.  muriate-of-tin  crystals,  4  gallons  spirit  pink  No.  150. 

No.  155.  Chocolate. — 2^  gallons  spirit  pink  No.  150,  1  gallon  spirit  blue  No.  1.51. 
No.  156.  Bed.— 3  gallons  Sapan  liquor  at  4°  T.,  1  lb.  sal  ammoniac,  1  lb.  verdigris, 

4  S  lbs.  s'.urch ;  boil,  cool,  and  add  5  lbs.  pink  salts,  1  lb.  oxalic  acid. 

"No.  157.  Yellow.— 1  gallon  berry  liquor  at  10°  T.,  |  lb.  alum,  1  lb.  starch;  boil, 
and  add  1  pint  muriate-of-tin  liquor  at  120°  T. 

No.  158.  Greeti.—l  gallon  spirit  blue  No.-lSl,  1  gallon  spirit  yellow  No.  15/. 

No.  159.  Spirit  Pink  for  Mucking  Madder  Work.—i},  gallons  Brazil-wood  liquor  at 
10°  T.,  9  lbs.  pink  salts,  3  lbs.  sal  ammoniac,  2  lbs.  sulphate  of  copper,  5^  oz.  oxalic 
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acid  dissolved  in  1  pint  -water,  4^  gallons  of  6-lb.  gum-Senegal  water,  1^  quart  oxy- 
muriate  of  tin  at  120°  T. 

Tenth  Style :  Bronzes. 

The  cloth  is  padded  in  solution  of  sulphate  of  manganese,  the  strength  of  which  de- 
termines the  shade  of  brown  produced  ;  for  a  medium  shade  of  brown,  suitable  for 
discharge  colours,  the  liquor  may  be  80°  T. 

After  padding  and  drying,  pad  the  pieces  through  caustic  soda  at  24°  T.,  and  again 
through  caustic  soda  at  12°  T.,  wince  well  in  water,  and  then  in  solution  of  chloride 
of  lime  at  2°  T.  till  perfectly  brown  ;  wash  well  in  water,  and  dry. 

The  colours  for  printing  on  this  dyed  ground  are  so  made  as  to  discharge  the 
brown  and  substitute  their  own  colour  in  place  of  it. 

No.  160.  Blue  Discharge.-(a)  6  gallons  water,  3f  lbs.  yellow  prussiate  of  potash, 
10  lbs.  starch,  6  lbs.  light  British  gum  ;  boil,  and  add  12  lbs.  tartaric  acid,  6  lbs.  oxalic 
acid,  I5  quarts  pernitrate  of  iron  :  then  take  (6)  5  quarts  of  this  standard,  3  quarts 
muriate  of  tin  at  120°  T.  ^ 

.  J^!'f'!"''9^  Yelloiv  for  Chroming.— (a)  1  gallon  water,  5  lbs.  nitrate  of  lead, 

4 lbs.  light  British  gum  ;  boil,  and  add  4  lbs.  tartaric  acid;  then  take  (V)  3  quarts  this 
standard,  1  quart  muriate  of  tin  at  120°  T.  ^  ^  -i 

No.  162  Discharge  Green — 2  quarts  yellow  standard  No.  161  (a),  1  quart  blue 
standard  No.  160  (a),  1  quart  muriate  of  tin  at  120°. 

No.  163.  Discharge  Pink.— (a)  2  gallons  Brazil-wood  liquor  at  12°  T  4  oz  sul- 
phate of  copper,  4  oz.  sal  ammoniac,  4 lbs.  starch;  boil,  and  add  8  oz.  measure  oxv- 

dnT?20°  T  ^'^  ^^"^  ^^^^      ^  ^  1^^^'  muriate  of 

No.  164.  White  Discharge -2  gallons  water,  81bs.  light  British  gum  ;  boil,  and  add 
8  lbs.  tartaric  acid,  and  1  gallon  muriate  of  tin  at  120°  T.  o      .  , 

Black. — Spirit  black  No.  149. 
_  After  printing,  hang  for  a  few  hours,  and  wince  in  a  pit  with  water  freely  flowing 
into  It;  then  wince  m  chalky  water  again  in  water,  then  wince  in  bichromate  of  potash 
at  4"  1.,  to  raise  the  green  and  yellow;  wash  and  dry. 

The  discharging  agent  in  these  colours  is  the  protomuriate  of  tin,  which,  by  its 
superior  attraction  for  oxygen  robs  the  peroxide  of  manganese  of  a  portion  The 
protoxide  of  manganese  formed  by  this  change  being  then  soluble  in  the  ac  d  and 
subsequently  washed  away  the  pigment  Prussian  blue  and  chromate  of  lead  aS^  the 
Brazil  lake,  being  left  fixed  in  the  discharged  place. 

Eleventh  Style :  Pigment  Printing. 
In  this  style  the  ordinary  pigments,  such  as  used  in  oil  painting  are  mechanirill^ 
at  ached  to  the  cloth  by  a  species  of  cementing.    The  first  fixing  vehicle  ^sed  was  I 
solution  of  caoutchouc  in  naphtha,  which  was  mixed  with  the  ni~f  1   o  f  , 
colours  of  sufficient  viscosity  to  pr  nt.    The  u^Zth^^^^^l  l^^^^  *°  ""-^^^ 

and  the  pigment  was  the/cem'ented  to  tL  Tofh\7  a  film'of"c«^^ 
method  makes  very  fast  colours,  not  affected  by  soaping  and  modeiatf  SeHnn  ■ 

si^  ^ts,  a^i^:  sights 

water,  are  coagula'ted  by  heat,  are  noS  usu       empWed''  Of  fheTe  thV  '"'"'^^  ^ 
particulansed:-Albumen  of  eggs;  lactarine ;  gbtem  ^  "^^^ 

Thl  Zf  'I         y  '^P'^  gently  the  white  of  eggs,  and  powdering 

butTe'r^Tfrt'LrrtdVyr/S'"^  ^"^^  «^  bufcilk,  pClJ/iL'S  fro. 

Vr^o^^t^V^^'S^ii^^^  the  simple  washing 

tiol^'^thi;  iheTr^ti^Xtn  l^'^f  ^"^f ^t^^^^'"  ^ 

n:s2t:^^:;mgiSB«^^^ 

mix  with  the  lactarine  solution  ^  ^  "^''^^^"ne  ^ith  1^  pint  water, 

.aus.,0  sod. ,6"  I  „ii„„,  .ss  i.irdt;t\tr«re''jsir  *  ■ 
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Other  shades  of  blue  are  made  by  altering  the  quantity  of  ultramarine. 

No.  IGS.  JDnib.—  a  lbs.  lampblack,  3  pints  aceti«  acid  at  8°  T. ;  mix  well  together 
and  add  a  solution  of  3  lbs.  albumen  in  3  pints  water  ;  then  add  3  pints  12-oz.  guni- 
tragacanth  water. 

After  printing  these  colours,  steam  half  an  hour,  wince  in  water,  and  dry.  Colours 
fixed  in  this  manner  are  not  intended  to  resist  severe  treatment. 

Pencil  Blue. — Before  the  introduction  of  steam  blues  and  the  species  of  indigo  blues 
termed  fast  blues,  the  only  blue  that  could  be  introduced  into  dyed  prints  was  a  solu- 
tion of  deoxidised  indigo  dissolved  in  caustic  alkali:  this  at  first  was  applit-d  by  the 
printer  with  a  small  flat  bit  of  wood  termed  a  pencil ;  he  dipped  this  in  the  blue  colour, 
and  instantly  applied  it  to  the  proper  parts  of  the  pattern,  thus  the  colour  arrived  at 
the  cloth  before  it  had  time  to  oxidise  and  the  indigo  to  become  insoluble.  It  is  evident 
that  this  process  was  one  of  extreme  clumsiness,  as  it  required  skill  to  apply  the 
blue  just  to  the  proper  places,  and  an  apparatus  for  applying  the  blue,  still  called 
pencil  blue,  was  at  last  devised.    It  consists  of  a  copper  case  or  box  a,  in  which  is  laid 


394 


395 


a. 

a 

B 

a, 

a  frame  b,  filled  with  pretty  stout  canvas.  The  box  communicates  by  a  tube  with 
the  cistern  c,  mounted  with  a  stopcock  d.  Fig.  395  represents  the  apparatus  in 
plan  :  a,  the  box  ;  b  the  canvas,  with  its  edges  a  a  a  a,  fixed  by  pin-points  to  the 
sides.  The  coloured  is  teered,  or  spread  even,  with  a  wooden  scraper  as  broad  as  the 
canvas.  In  working  with  this  apparatus,  the  colour  being  contained  in  the  vessel  c 
is  drawn  off  into  the  case  A,  by  opening  the  stopcock  d,  till  it  rises  to  the  level  of  the 
canvas.  The  instant  before  the  printer  daubs  the  block  upon  the  canvas, 
the  teerer,  boy  or  girl,  runs  the  scraper  across  it  to  renew  its  surface  ;  and  the 
printer  immediately  transfers  the  colour  to  the  cloth.  In  this  kind  of  printing  great 
skill  is  required  to  give  evenly  impressions.  As  the  blue  is  usually  applied  to  somewhat 
large  designs,  it  is  very  apt  to  run  ;  an  inconvenience  counteracted  by  dusting  fine  dry 
sand  upon  the  cloth  as  soon  as  it  is  blocked.  The  goods  must  be  washed  within  24 
hours  after  being  printed. 

Pencil  blue,  before  the  introduction  of  China  blues,  was  printed  by  cylinder  witb.  a 
doctor-box. 

No.  169.  Pencil  Blue  10  gallons  of  pulp  of  indigo,  containing  40  lbs  indigo,  40  lbs. 

yellow  orpiment,  gallons  of  caustic  soda  at  70°T.,  18^  gallons  of  water,  4  lbs. 
lime  ;  boil  till  quite  yellow,  when  spread  on  glass ;  let  settle  and  thicken  the  clear  with 
120  lbs.  gum  Senegal. 

Pieces  printed  in  pencil  blue  are  washed  in  water  immediately  after  drying  and  some- 
times soaped  a  little.  Mr.  Bennett  Woodcroft,  struck  with  the  waste  of  indigo  attending 
the  printing  of  either  China  blue  or  pencil  blue  some  few  years  ago  invented  and 
patented  a  method  of  printing  pencil  blue  by  the  cylinder  machine.  His  plan  was  to 
attach  to  an  ordinary  single-colour  machine  an  Indian -rubber  apparatus  which  enve- 
loped the  colour-box  and  piece  after  printing :  this  apparatus  was  filled  with  coal  gas  ; 
a  glass  plate  formed  part  of  the  long  bag  through  which  the  piece  travelled  after  printing, 
so  as  to  enable  the  printer  to  see  the  progress  of  his  work.  By  this  means  the  de- 
oxidised indigo  was  fairly  applied  to  the  cloth,  and  oxidation  only  ensued  when  the 
piece  left  the  apparatus.  The  saving  of  indigo  was  said  to  be  considerable,  but  the 
plan  was  not  generally  adopted. 

SArrLOWEn  Dveing.  —The  beautiful  but  fugitive  colouring  matter  of  safilower  is  ap- 
plied in  the  printing  for  dyeing  a  self  colour,  generally  after  the  goods  have  been  printed 
in  black  and  red  mordant,  or  black  alone,  and  dyed  madder  or  garancin.  It  is  com- 
monly used  for  cotton  velvets,  the  colour  given  to  velvet  appearing  very  brilliant  from 
the  nature  of  the  cloth.  The  process  is  as  follows :  — SafBower  contains  two  distinct 
colouring  matters  ;  one  yellow,  being  soluble  in  water ;  and  the  other  pink,  insoluble  m 
water,  the  latter  only  being  valuable.  The  yellow  matter  is  therefore  carefully  washed 
away.  To  effect  this,  the  safHower  is  put  into  canvas  bags,  4  lbs.  in  a  bag,  and  tl>ese 
bags  put  into  running  water  and  occasionally  trodden  upon-  till  the  water  runs  oft 
perfectly  colourless  from  them.  12  of  these  bags  are  then  emptied  into  a  cask  witli 
90  gallons  of  water  and  10  quarts  of  pearlash  liquor  at  24  T.,  stirred  up  for  2  hours  : 
after  standing  all  night,  drain  off  the  liquor,  add  90  gallons  more  water  and  3  pnits  ot 
pearlash  liquor;  stir  up  well,  and  after  standing  for  three  hours,  drain  oft'  agam  j  this 
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weak  liquor  is  saved  for  putting  on  fresh  safflower:  about  30  gallons  of  the  saflBower 
solution  is  put  in  a  tub  mounted  with  a  wince  over  it,  and  a  mixture  of  vinegar  and 
lime  juice  is  added  to  it  till  it  is  feebly  acid  to  test  paper.  The  carthamic  acid,  a  red 
colouring  matter  of  safflower,  is  thus  precipitated,  and  remains  as  an  exceedingly  fine 
powder  in  suspension  in  the  liquid ;  2  pieces  of  30  yards  of  velvet  are  put  in  and 
winced  backwards  and  forwards  5  times,  then  wound  upon  the  reel  and  allowed  to  stay 
there  half  an  hour,  then  wince  5  times  more,  wind  up  again  and  let  stay  half  an  hour ; 
wince  again  5  times  and  wind  up  again  ;  run  oflF  the  liquor  and  put  in  30  gallons  of 
fresh  liquor  and  acid  as  before ;  repeat  the  process  wincing  3  times  of  5  ends  each, 
and  letting  lie  wound  on  the  reel  half  an  hour  each  time  ;  then  take  out  and  wince  in 
vei-y  dihite  acetic  acid,  hydro-extract,  and  dry.  The  pieces  when  wound  on  the  reel 
should  be  opened  out  flat  or  they  might  be  uneven.  Carthamic  acid,  being  of  a 
resinous  nature,  has  the  property  of  attaching  itself  to  cloth,  and  dyeing  it  a  beautiful 
pink  like  the  petals  of  a  rose:  this  dye  is  very  fugitive,  strong  sunlight  even  being 
injurious  to  it.    There  has  been  no  way  yet  discovered  of  making  it  permanent. 

MuREXiDE. —  The  purpurate  of  ammonia,  or  murexide,  was  discovered  by  Liebig 
and  Wohler  in  1838,  and  in  its  pure  state  is  one  of  the  most  beautiful  products  of 
chemistry.  It  is  a  crystalline  substance  of  a  beautiful  metallic  green,  like  the  wings 
of  the  cantharides  fly,  and  is  produced  when  uric  acid  is  dissolved  in  dilute  nitric  acid, 
the  solution  evaporated  somewhat,  and  ammonia  added;  from  the  beautiful  crimson 
liquid,  murexide  crystallises.  This  substance  had,  imtil  a  short  time  ago,  no  practical 
application.  M.  Albert  Schlumberger  discovered  that  metallic  insoluble  salts,  pns- 
sessmg  all  the  brilliancy  of  the  original  substance,  could  be  made ;  and  this  fact  was 
soon  applied  to  a  practical  use  by  the  French  chemists,  who  succeeded  in  fixing  a 
beautiful  murexide  crimson  upon  cotton  cloth.  The  process  was  patented  in  this 
country  for  French  interests  in  February,  1857,  and  is  now  in  extensive  use.  The 
process  is  as  follows  :  — 

Print  in  the  colour. 

No.  170.  1  gallon  water,  4  lbs.  nitrate  of  lead,  lib.  murexide,  li  lbs.  starch;  boil. 
After  prmtmg,  hang  a  few  hours,  then  run  through  a  cistern  with" rollers  above  and 
below,  and  provided  with  a  cover,  through  apertures  in  which  the  pieces  enter  and 
leave.  This  cistern  is  kept  supplied  with  ammoniacal  gas  ;  on  leaving  this  cistern  they 
pass  into  water,  and  from  that  into  a  cistern  charged  with  2  lbs.  bichloride  of  mercury 
4  lbs.  acetate  of  soda,  |  lb.  acetic  acid,  80  gallons  water;  run  very  slowly  throuo-h  this' 
wash  and  dry.    In  the  first  operation  purpurate  of  lead  is  formed  on  the  cloth  and 
in  the  second,  or  changing  bath,  the  lead  is  wholly  or  partly  removed,  and  oxide  of 
mercury  left  in  its  place;  the  resulting  lake  is  a  colour  of  great  brilliancy  and  purity 
so  much  so  that  few  of  the  ordinary  colours  will  bear  to  be  looked  at  along  with  it 
1  hough  perfectly  fast  as  to  soap,  it  appears  that  strong  sunlight  is  rather  iniurious  to  its 
permanency.  o  j  ±io 

A  few  outline  Ulustrations  of  the  various  madder  styles  will  render  them  more  clear 
1  a.  ±ilack,  2  reds,  purple  and  brown  on  white  ground.    Print  by  machine  in 
colours  4,  5,  6  9,  27   (No.  12  shade)  and  18  ;  age  3  nights;  fly  dung  at  ^60°  F 
second  dung  at  150°  F.,  wash  and  dye  with  French  or  Turkey  madder"  bringing  to 

f  >■ '°  l^.w*"''  l?*^  ^""^l"^  ^  ^^'^  ^"^"i  ^o^P  t^"<=e  at  180°  F.,  wash  ;  chloride 

of  lime  bath  (see  No.  1  plate  purples),  wash  and  dry.  cmoriae 

1  6.  Black  red,  white  and  brown  figures,  covered  in  purple.  Print  in  colours 
4,  11,  34,  and  18 ;  when  dry,  cover  with  a  fine  pattern  in  27  (llshade) ;  age  3  nights 
fly  dung  at  170°  F.,  second  dung  at  160°  F.;  wash,  dye,  and  clean  as  1  a         ^  ' 

rJ  t         '°  ^'  ^  ^^F-  ^  3^ '       ^"'i  co^"  i°  7,  ( 6  shade)  and  blotch 

(or  pad  with  a  roller  engraved  with  a  pin,  which  has  the  efl^ect  of  giving-^  a  uniform 

PMs.  '°    ^  ''  ^'S^*^'  described  undfr  the  head  S 

1  d.  Some  printers  prefer  to  mordant  for  Swiss  pinks  with  alkaline  mordants  cor, 

Mtry  °p2^rxr3?%^2^nT3rcr^°^'  theirtn^;.rg 

^^^^^^^^^ 

composition  by  the  carbonic  acid  of  the  air  is  decomposed  by  the  mfrinf  f 

and  alumina  precipitated  on  the  cloth.  "^composed  by  the  muriate  of  ammonia, 

2  a.  Black,  chocolate,  red,  and  brown  on  white  ground     Print  In 

(6  shade),  14,  and  22  ;  age  3  or  4  nights ;  flv-dung  at  180°  F  .ZTa  ^  ^' 
and  dye  with  chocolate  g'arancin  or  faranccL  se^e^  539)"^-'  '""^^  F., 

(se'e  p.  S?'  ''''  ^"^  I'-*  -  ^     ^^-t  dye  with  purple  garancin 

3a.  For  chintz  work  treat  as  1     then  in  the  parts  of  the  pattern  meant  for  ground- 
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in^-m,  block  the  colours  1 18  yellow,  119  green,  and  129.    If  the  pattern  is  such  as 
to  admit  ot  it,  aU  these  colours  may  be  printed  at^mce  from  one  block,  using  the  tobv 
ing  sieve,  p.  500:  the  colours,  however,  for  this  method  must  be  thicliened  with  eum- 
steam,  &c.,  as  described  for  steam  colours.  ' 

3  b.  Black,  2  reds,  blue,  green,  and  yellow  covered  in  drab,  or  other  shades  Print 
in  4,  6,  and  7 ;  dye,  &c.,  as  1  a;  block-in  colour  38  with  a  block  which  covers  all  the 
pattern,  and  also  those  portions  which  are  intended  for  the  steam  colours  •  when  this 
paste  is  dry,  cover  by  machine  in  any  of  colours  40  to  47,  age  2  or  3  nights  •  flv-duns 
at  1G0°  F,  second  dung  at  150°  F.,  and  dye  with  bark,  or  bark  ahd  lo'gwood  or 
cover  in  colour  48,  and  dye  madder  and  bark  as  No.  6  (p.  527)  for  chocolate-  or 
cover  in  colour  49  or  51,  and  after  drying  and  ageing,  wincing  in  chalky  water;  o'r  in 
any  of  colours  5a,  56,  or  57,  rinsing  in  carbonate  of  soda  liquor  at  5°  T  when  drv 
After  obtaining  the  ground  shade  by  any  of  these  processes  anddrymg,  ground-in  bv 
block  colours  1 18,  119,  and  135,  steam,  wash,  and  dry.  t»  &  J 

3  c.  For  furniture  hangings,  which  are  generally  printed  in  large  groups  of  flowers 
a  very  pretty  pea-green  ground  is  often  blocked-in  as  groundwork,  which  is  made  and 
fi.xed  as  follows  :  — 

171.  Pea  Green  — (a)  Standard  :  6lbs.  sulphate  of  copper,  1  gallon  water  4  lbs 
brown  acetate  of  lead;  dissolve,  let  settle,  and  use  the  clear.  — (i)  Colour  :  2  measures 
of  standard,  1  measure  of  7  lb.  gum- Senegal  solution. 

After  printing,  age  2  nights,  and  pass  through  a  cistern  with  rollers,  set  with  caustic 
potash  liquor  at  15°  T.,  which  has  8  oz.  per  gallon  of  arsenious  acid  dissolved  in  it. 
The  liquor  should  be  heated  to  110°  F. ;  out  of  this  wash  and  dry. 

Instead  of  blocking-in  steam  blue  and  green,  fast  blue  and  green  are  introduced 
where  the  colours  are  required  to  be  particularly  permanent;  colours  62  or  63  or  both 
are  blocked-in  and  raised  as  follows.  5  stone  cisterns,  each  mounted  with  a  hand 
reel,  and  containing  about  200  gallons  each,  are  set  with  car bonate-of- soda  liquor, 
No.  1  at  7°  T.,  No.  2  at  6°  T.,  No.  3  at  5°  T.,  No.  4  at  4°  T.,  and  No.  5  at  3°  T.; 
wince  10  times  backwards  and  forwards  in  each  pit,  beginning  with  No.  1,  and  end- 
ing with  No.  5;  wince  in  water  and  wash.  The  change  that  takes  place  here  is 
similar  to  that  in  raising  China  blues.  The  indigo  is  maintained  in  a  deoxidised  state 
by  the  protoxide  of  tin  formed,  until  it  has  fixed  itself  in  the  cloth  by  reoxidation  in 
the  air.  Where  fast  green  has  been  printed,  the  pieces  are  winced  in  bichromate-of- 
potash  liquor  at  4°  T.  for  10  minutes,  then  washed  and  dried. 

3  e.  Black  and  purple  and  white  with  buff  ground.  Print  in  4  and  27  (12  shade), 
age,  dung,  and  dye,  Sec,  as  directed  for  plate  purples  (p.  528) ;  block  over  the  pattern  and 
portions  of  the  unprinted  part  the  paste  No.  39 ;  block  with  pad  roller  in  No.  53 
(6  shade),  dry  and  raise  as  follows  : — "Wince  14  minutes  in  caustic  soda  at  2°  T.  at 
110°  F.,  then  wince  in  water  till  quite  buff,  then  wince  in  400  gallons  water  with  1 
quart  chloride  of  lime  at  12°  T.  10  minutes;  wash  and  dry. 


Silk  Printing. 

Silk,  in  its  capacity  for  receiving  colours,  holds  a  medium  place  between  cotton  and 
wool.  From  its  being  an  animal  substance,  it  is  difficult  to  obtain  white  grounds  or 
objects  after  dyeing  mordanted  silk,  the  silk  itself  attracting  colouring  matter  some- 
what as  a  mordant.  Previously  to  printing  silk,  it  is  well  scoured  by  boiling  for 
2  hours  with  ^  lb.  of  soap  to  every  pound  of  silk,  then  well  washed  and  dried.  For 
handkerchiefs,  black,  chocolate,  and  red  mordants  are  printed,  aged,  and  dunged  off 
same  as  for  cottons,  and  dyed  with  madder  or  garancin,  soaped,  washed,  and  dried. 
Purples  cannot  be  obtained  on  silk  by  mordanting  and  dyeing  madder,  the  colour 
produced  being  a  mixture  of  red  and  purple.  All  sorts  of  colours  can  be  produced 
on  silk  by  steam,  the  whites  remaining  brilliant.  For  steam  colours,  silk  is  mor- 
danted with  tin,  by  steeping  4  hours  in  a  solution  of  sulphomuriate  of  tin  at  2  T.,  made 
by  dissolving  1  lb.  of  muriate  of  tin  crystals  in  water,  and  adding  1  lb.  of  sulphuric 
acid  at  170°  T.,  and  reducing  to  2°  T.  After  steeping,  the  silk  is  washed  with  water, 
and  dried.  The  following  are  specimens  of  steam  colours  for  silk  :— 

Black.— 2  gallons  logwood  liquor  at  8°  T.,  1  quart  iron  Hquor  at  10°  T.,  1  lb. 
flour,  1  lb.  light  British  gum  ;  boil,  and  add  6  oz.  yellow  prussiate  of  potash ;  cool, 
and  add  2  oz.  sulphate  of  copper,  1  pint  muriate  of  iron  at  80°  T.,  i  pint  pernitrate 
of  iron  at  80°  T. 

Chocolate.— 2  gallons  of  sapan  liquor  at  12°  T.,  5  quarts  logwood  liquor  at  12°  T., 
1  quart  bark  liquor  at  16°  T.,  2  lbs.  alum,  lA  lb.  sal  ammoniac,  14  lbs.  gum  Senegal. 

lied.— 3  gallons  of  cochineal  liquor  at  4°  T.,  U  pint  bark  liquor  at  12°  T.,  3  lbs. 
starch  ;  boil,  then  cool,  and  add  1  lb.  oxalic  acid,  1  lb.  muriate  of  tin  crystals. 

Yellow.  — 3  gallons  of  bark  liquor  at  16°  T.,  8  oz.  alum,  3  oz.  muriate  of  tin 
crystals,  3  oz.  oxalic  acid,  9  lbs.  gum  SeiiegaL 
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Greeti. —  I  gallon  yellow,  ^  pint  extract  of  indigo,  2i  oz,  measure  of  muriate  of  tin 
at  120°  T. 

Blue. —  1  gallon  water,  1  lb.  yellow  prussiate  of  potash,  \  lb.  oxalic  acid,  ^  lb.  tar- 
taric acid,  2  oz.  sulphuric  acid  at  170°  T.,  1  gallon  6  lbs.  gum  Senegal  water. 

Calico,  &c.  printing  has,  since  the  repeal  of  the  duty,  risen  steadily  in  importance, 
till  it  is  now  one  of  the  most  influential  manufactures  of  Great  Britain.  From  a  table 
compiled  by  the  late  Mr.  Binyon,  and  communicated  by  Mr.  John  Graham,  there 
were  in  1840  the  following  number  of  machines,  &c.  in  use:  — 

List  of  Machines,  Tables,  Sfc,  employed  by  the  trade  in  England  and  America  in  1840. 


Lancashire  - 
Scotland           -       -  - 
Ireland     -       -       -  - 
America  -       -       -  - 

Cylinder  and     1  iri 
Surface  Machines.  1  Presses. 

Discharging 
Presses. 

Tables. 

435 
75 
18 

109 

2 
82 
1 

124 

8275 
4997 
300 
884 

Since  that  period  there  are  no  data  as  to  the  number  of  printers  in  Great  Britain  ; 
but  Mr.  John  Graham,  m  an  unpublished  "  History  of  the  Lancashire  Printers,"  -ives 
a  table,  which  he  was  at  considerable  care  to  compile  from  perfectly  trustworthy 
cnnnHpVth"'"^  that  m  the  Lancashire  district,  which  includes  also  the  contiguous 
counties,  there  were,  in  1846,  128  firms,  employing—  ^ 

549  cylinder  machines. 
33  perrotines. 
7187  block  tables. 

The  producing  power  of  the  Lancashire  district  having  thus  been  doubled  in  6  years 
Several  printing  firms,  both  in  England  and  Scotland,  have  since  that  period  much 
enlarged  their  powers  of  production.  There  are  many  who  manufacture  10  000 
pieces  of  printed  cloth  per  week;  and  there  are  four  concerns,  of  great  magnitude 
whose  united  production  at  the  present  time  probably  does  not  fall  short  of  fo,^  mill 
lions  of  pieces  per  annum,  or  nearly  Ith  of  the  total  quantity  printed 

The  following  estimate  of  the  exports  of  printed  goods  is  from  Mr.  Potter's  Lecture 
before^the  Society  of  Arts,  as  reporter  for  printed  flbrics  exhibited  in  thfExhfbftion 

thought  and  calculation,  I  have  veiSef  to  esL  L  ht  for  ll  fTlTSTonn 
pieces,  or  rather  more  than  three-fourths  of  - our  entire  production  Theselnn^^' 

fourth' may  be^d  to  thel'o'nJ  of  S'pfi"^^^^^^^^^  °V''^' 

mate,  from  the  Table  of  Exnorts  for  is'Ti  I ^i"  endeavoured  to  esti- 

we  export,  and  shouldt^^o^/to  ^sl^traSwr-"''  '''''''''' 


"  Coast  of  Africa  and  the  Cape  - 

New  Zealand  and  South  Sea  Islands  - 

China,  ManiUa,  and  Singapore  - 

British  West  Indies    -       -  .  . 

Foreign  West  Indies  -       -  ,  . 

St.  Thomas  -  -  -  -  . 
India 

Mauritius  and  Batavia       -  -  \ 

Chili  and  Peru  -       -       .  .  " 

Brazil  and  East  Coast  of  South  America 
Egypt       -       -       .       .  _ 

Turkey,  Ionian  Isles,  Greece,  and  Malta 

Total 


Pieces. 
300,000 
36,000 
550,000 
300,000 
300,000 
200,000 
1,570,000 
325,000 
800,000 
1,000,000 
84,000 
1,000,000 

.-  6,465,000 


<,T*  J  .1,  .  "       "       -  6,465,000 
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Cj  millions  of  pieces,  or  about  40  per  cent,  of  our  exports  in  printed  goods.  A  great 
proportion  of  tlie  finer  part  of  our  exports,  perliMs  tliree-fourtlis,  are  very  seriously 
taxed,  either  for  protection,  as  in  the  United  States,  the  Zollverein,  and  Belgium,  or 
for  revenue,  as  in  Brazil  and  the  other  South  American  markets.  A  part,  however 
of  these  better  good.s  find  their  way  into  consumption  in  Canada,  Turkey,  the  Ionian 
Isles,  Egypt,  &c.,  subject  to  very  moderate  duties. "  (Putter.) 

Exports  of  Calicoes  printed  and  dyed  in  1857. 

fieclared  real  value. 


Russia        -       -       .       ■  „ 

Yards. 
1,513,080 

42,913 

Sweden       -       -       -       -  - 

624,418 

11,835 

Norway             -       -       -  - 

787,209 

15,235 

Hanover     -       -       -       -  - 

1,9.'54,664 

49,814 

Hanse  Towns  - 

25,208,601 

516,004 

Holland  

12,899,706 

254,199 

Belgium     -       .       -       .  . 

903,764 

22,600 

France  ..... 

5,130,577 

93,366 

Portugal,  Azores,  and  Madeira 
Spain  and  Canaries 

18,956,056 

297,178 

3,767,747 

93,084 

Sardinia      -       .       .       .  . 

11,003,456 

167,807 

Tuscany  - 

6,602,902 

106,110 

Papal  States  .... 

4,814,905 

67,227 

Two  Sicilies        .       -       -  . 

7,438.118 

123,625 

Austrian  Territories  ... 

7,191,273 

101,663 

Greece  ..... 

3,379,-548 

50,594 

Turkey      .       .       .       .  _ 

70,909,268 

1,145,361 

"Wallachia  and  Moldavia 

1,180,001 

19,779 

Syria  and  Palestine  ... 

16,061,817 

208,140 

Egypt  

11,543,985 

17.3,122 

West  Coast  of  Africa  (Foreign)  - 

18,817,282 

318,982 

Java  ...... 

16,911,802 

286,274 

Philippine  Isles  .... 

9,548,904 

213,757 

China  - 

12,030,344 

203,443 

South  Sea  Islands  ... 

1,552,337 

29,995 

Cuba  ...... 

14,144,771 

249,760 

Porto  Rico  -  ... 

3,109,890 

43,518 

CuraQoa      -       -       -       -  - 

783,478 

13,356 

St.  Thomas  

20,529,211 

290,956 

Haiti  - 

5,191,059 

96,936 

United  States      -       -       .  . 

106,328,353 

1,972,049 

Mexico      .       -       -       -  . 

10,203,738 

195,946 

Central  America  -       -       -  - 

5,721,458 

86,607 

New  Granada  .... 

14,618,606 

229,316 

Venezuela  .       .       -       .  - 

6,564,167 

107,417 

Brazil  ..... 

84,304,766 

1,543,479 

Uraguay  ..... 

8,749,894 

149,294 

Buenos  Ayrcs  .... 

17,870,263 

319,670 

Chili  -  

21,536,565 

365,982 

Peru 

23,426,258 

396,302 

Gibraltar    .       -      .       -  - 

7,obU,y  /  i 

Malta  

3,203,445 

46,912 

Ionian  Islands     .       .       .  - 

3,790,985 

55,868 

West  Coast  of  Africa  (British) 

7,286,177 

137,879 

South  Africa  (British)  ..       .  - 

9,875,247 

196,859 

Mauritius    .       .       -       -  . 

7,556,558 

111,725 

British  East  Indies 

89,717,006 

1,515,807 

Hong  Kong        .       .       -  - 

2,621,464 

41,201 

Australia  - 

15,769,817 

310,660 

British  North  America 

19,479,981 

331,106 

British  West  Indies  and  B.  Guiana 

21,277,609 

293,710 

Honduras    .       -       .       -  - 

4,090,657 

45,375 

Other  Countries  .       .       -  . 

1,964,383 

36,007 

808,308,602 

£13,921,428 

"  The  home-cou8umptlon,"  sayr  Mr.  Potter,  "  I  estimate  at  4,500,000  ;  the  excise 
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returns  for  1830.  gave  it  as  2,281, .'il2  pieces.   The  repeal  of  tlie  duty,  and  the  decreaso 
in  the  cost  of  production,  giving  the  consumer  goods  in  mucli  better  taste  and  value  at 
one-half  the  price,  have  greatly  tended  to  this  increase."    "  The  immense  increase  of 
production  in  lower  goods  has  not  decreased  the  taste  in  the  higlier  in  this  country, 
though  it  may  have  caused  it  to  make  less  apparent  progress  than  when  the  larger  part 
of  the  supply  was  of  fine  goods.  We  find  specimens  of  good  taste  on  the  lowest  material, 
printed  at  the  lowest  possible  price  for  export,  showing  a  taste  superior  to  that  in  use 
for  our  best  work  twenty  years  ago,  employing  greater  talent  in  design,  greater  skill 
in  engraving,  — the  cost  of  production  cheap,  because  repaid  by  the  quantity  produced. 
This  diflFusion  of  art  and  of  a  better  taste  cannot  be  otherwise  than  beneficial,  even  to 
the  higher  class  of  productions,  as  preparing  a  taste  and  demand  for  them  in  countries 
where  high  price  would  never  have  given  prints  any  admission.    Tbe  improvement 
of  the  lower  cannot  militate  against  that  of  the  higher,  either  in  the  moral,  intellec- 
tual, or  artistic  world.    The  productions  of  the  highest  class  of  French  goods  of 
to-day,  whether  fui-niture  or  dresses,  are  superior  in  taste  and  execution  to  those  of 
any  former  period.    The  productions  of  the  first-class  printers  of  Great  Britain 
mamtain  an  equal  advance,  and  are  superior  in  taste  and  execution,  in  every  respect 
to  those  of  former  years.    Great  competition  and  rapidity  of  production  are  not  imme- 
djately  beneficial  to  high  finish  and  execution  in  art ;  but  this  tendency  to  quickness 
of  production,  rather  than  perfection,  rectifies  itself;  and  machinery,  which  perhaps 
at  first  does  not  give  the  polish  that  excessive  labour  formerly  supplied,  ultimately 
exceeds  It  by  its  cheaper  and  more  regular  application.    It  is  remarkable  how  taste 
or  novelty  m  that  class  of  demand,  which  would  strike  the  casual  observer  as  the  one 
fitted  for  Its  greatest  development,  is  limited  in  quantity.    The  limit  or  commencine 
point,  m  which  taste  or  novelty  enters  freely  into  the  composition  of  a  print,  is  for  the 
fnH^  U,  1  "-iddle  classes  of  society.    They  require  it  quiet,  modest, 

and  useful ;  and  any  deviation,  for  the  sake  of  novelty,  which  calls  in  the  aid  of  the 
brighter  and  less  permanent  colour,  quickly  checks  itself.  The  sober  careful  classes 
aftnrZ  !f  V°  T  T'^^"^'^*^  '^''f  ^l^i'^h  will  not  look  obsolete  and  extravagant 
after  the  lapse  of  such  a  time  as  would  render  a  garment  comparatively  tasteless  and 
unfashionable  in  a  higher  class.  This  trade  is,  to  the  printers,  most  extensive  and 
valuable,  and  has  its  necessary  and  practical  bearing  on  his  taste;  and  hence  h  is  in 
Frlcrcomp^itS'^'^'"^^^  '""^  ^"^'^^^  decidedly  superi^:.  rhi^ 

pr^t?^^^^^J^.k^S  ^Jl^^o^^/^^^ 

^ohdpSHa^^^ 

cattle,  and  fowls,  is  probably  a  direct  conv  from  ■^r.  llJ  ^^  ^  ,  f  f'"'''  ^Smes, 
^hose  paintings  and  engravings  of  sucT  subwfs  t  JTv^  °'  '^''l'^  \^  Berghem, 
nature.    His  ^orks  bea?  date  fsss  to   Sso.  'perha;  To  fill  nXtV''" 

ss^f^?s^*sf:rs^£[-rSP?^^ 

bank,  midway  between   he  two  gr;ups  a  e  two  rW  ^  ^'^^''^ 

group,  although  tJiere  is  no  defined  hue  ^f  sennTntin  ^f  chasing  a  stag.  The  lower 
a  peacock,  fowls,  and  chickens  upon  a  banrE  ii"^'V''1°  "-^P'-e^^ts 
beyond.  Over,  a  hawk  carrying  a  chicken  tl  f.liP  '  ^''''^TP^  river  scenery 
tomb,  and  pedestal  and  vase,  frL  anr'brolon  ^^'"F'''^  ''^'^  "  '""'"^'^  P^'ti^^o. 
swimming,  and  water-plants  on  the  bank  KhTbo t  orn  of'th"'  ^-k^ 
of  the  pattern  which  would  print  or  fit  on  the  ton  n  n  t  n?  Tlf    i  ^'A^  P'-^^ts 

work  of  the  well,  in  the  upper  group  s  printed  '  P  TnVp«  '^T.'^^  ^"  ^tone- 
stone-work,  in  the  centre  of  ^hri;wer  eS  ii'  i   f  '  °" ''^'^  broken 

FORD,  1761.'"  Old  Fordissituat  dTBor'v'h^^/^^^^^^  \  ^"^  Co.,  OLD 

now  are,  and  where  there  was  a  print  woi^;^^;;,,;'^;^.^:^^-;^  Wo:^ 
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was  no  doubt  printed  for  furniture  hangings  or  tapestry,  for  whioh  it  is  exceod- 
ingly  well  adapted,  and  the  work  being  altogether  a  remarkable  production  for  the 
period.  ** 

CALOMEL.  (Chlorurc  de  Mercure,  Fr.;  Versusstes  Querhsilbcr,  Germ.)  The 
mild  sub-chloride  of  mercury  (Hg-'Cl).  The  manufacture  of  this  substance  upon 
the  large  scale  may  be  performed  in  various  ways.  The  cheapest,  and  most  direct, 
consists  in  mixing  parts  of  pure  quicksilver  with  1  part  of  pure  nitric  acid,  of  specific 
gravity  from  r2  to  1  ;  and  in  digesting  the  mixture  till  no  more  metal  can  be  dis- 
solved, or  till  the  liquid  has  assumed  a  yellow  colour.  At  (he  same  time,  a  solution 
is  made  of  1  part  of  common  salt  in  32  parts  of  distilled  water,  to  which  a  little  muriatic 
acid  is  added;  and,  when  heated  to  nearly  the  boiling  point,  it  is  mixed  with  tlie 
mercurial  solution.  The  two  salts  exchange  bases,  and  a  subchloride  of  mercury  pre- 
cipitates in  a  white  powder,  which,  after  being  digested  for  some  time  in  the  acidulous 
supernatant  liquor,  is  to  be  washed,  with  the  greatest  care,  in  boiling  water.  The 
circumstances  which  may  injure  the  process  are  the  following  :  —  1.  When  less  mer- 
cury is  employed  than  the  acid  can  dissolve,  there  is  formed  a  nitrate  of  mercury, 
which  gives  rise  to  some  corrosive  sublimate  and  causes  a  proportional  defalcation  of 
calomel.  2.  If  the  liquors  are  perfectly  neutral  at  the  moment  of  mixing  them,  some 
subnitrate  of  mercury  is  thrown  down,  which  cannot  be  remo\ed  by  washing,  and 
which  gives  a  noxious  contamination  to  the  bland  calomel.  The  acid  prescribed  in 
the  above  formula  obviates  this  danger. 

Another  manner  of  manufacturing  calomel  is  to  grind  very  carefully  4  parts  of 
corrosive  sublimate  (chloride  of  mercury,  HgCl)  with  3  parts  of  quicksilver,  adding  a 
little  water  or  spirits  to  repress  the  noxious  dust  during  the  trituration.  The  mass  is 
then  introduced  into  a  glass  globe,  and  sublimed  at  a  temperature  gradually  raised. 
The  quicksilver  combines  with  the  chloride  and  converts  it  into  the  sub-chloride,  or 
calomel. 

The  following  are  the  directions  given  by  the  London  College  for  the  preparation 
of  this  salt :  — 2  pounds  of  mercury  are  boiled  to  dryness  in  a  suitable  vessel  with 
3  pounds  of  concentrated  sulphuric  acid:  the  sulphate  of  mercury  thus  obtained 
is  rubbed  when  cold,  first  with  2  pounds  more  mercury  in  an  earthen  vessel  until 
perfectly  mixed,  and  then  thoroughly  incorporated  with  1|  lbs.  of  chloride  of  sodium  ;  the 
whole  is  then  sublimed  in  an  appropriate  vessel  ;  the  sublimate  is  rubbed  to  a  fine 
powder,  and  then  washed  with  boiling  distilled  water,  until  the  washings  are  no  longer 
tinged  by  sulphuretted  hydrogen.  This  process  is  absolutely  necessary  in  order  to  re- 
move every  trace  of  corrosive  sublimate  which  is  always  formed  in  greater  or  less 
quantity. 

At  Apothecaries'  Hall  50  lbs.  of  mercury  are  boiled  with  70  lbs.  of  sulphuric  acid  to 
dryness  in  a  cast-iron  vessel;  62  lbs.  of  the  dry  salt  are  triturated  with  40|  lbs.  of 
mercury  until  the  globules  disappear ;  and  34  lbs.  of  common  salt  are  then  added. 
The  mixture  is  submitted  to  heat,  and  from  95  lbs.  to  100  lbs.  of  sublimed  calomel  are 
obtained.  It  is  washed  in  large  quantities  of  distilled  water  after  having  been  ground 
to  a  fine  and  impalpable  powder. 

According  to  the  patent  of  Mr.  Josiah  Jewell,  the  vapour  of  calomel  was  to  be 
transmitted  into  a  vessel  containing  water,  in  order  to  condense  it  at  once  into  an 
impalpable  powder.  But  this  process  was  beset  with  many  difficulties.  The  vapour 
of  the  calomel  was  afterwards  introduced  into  a  large  receiver,  into  which  steam  was 
simultaneously  admitted;  but  this  plan  has  also  been  found  to  be  precarious  in  the 
execution.  The  best  way  is  to  sublime  the  calomel  into  a  very  large  ch;imber  from 
an  iron  pot,  in  the  same  way  as  the  flowers  of  sulphur  are  formed.  The  great  body 
of  cool  air  serves  to  cause  the  precipitation  of  the  calomel  in  a  finely  commmuted 
state.  It  is  afterwards  washed  with  water,  till  this  is  no  longer  coloured  by  sulphu- 
rctt6cl  hydroffGii 

This  process  has  been  improved  by  M.  O.  Henry :  the  ingredients  are  heated  in  an 
earthen  retort  having  a  wide  short  neck  :  the  receiver  has  three  tubulures,  one  com- 
municating with  the  retort,  a  second  dipping  into  water  in  an  earthen  jar,  and  a  third 
connected  to  a  steam  pipe,    Souberain  substitutes  a  current  of  air  for  the  vapour  of 

'^'a  patent  was  obtained  in  September,  1841,  by  Anthony  Todd  Thomson,  M.  D. 
for  an  improved  method  of  manufacturing  calomel  and  corrosive  sublimate,  as 

Thiri^ention  consists  in  combining  chlorine  in  the  state  of  gas  with  the  vapour  of 
mercury  or  quicksilver,  in  order  to  produce  calomel  and  corrosive  sublimate 

The  apparatus  employed  consists  of  a  glass,  earthenware,  or  other  J^r 
mounted  in  brickwork,  and  communicating  at  one  end  with  a  h.rge  «"--"g^''' ^J""  ^ 
and  at  the  other  end,  by  means  of  a  bent  tube,  with  an  alembic,  such  as  is  genciall) 
!l^ed1n  geneSng  chlorine  gas.    The  alembic  is  charged  with  a  mixture  of  common 
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salt,  binoxide  of  manganese,  and  sulphuric  acid,  or  of  binoxidc  of  manganese  and  muri- 
atic acid,  in  order  to  produce  chlorine  gas. 

The  mode  of  operating  with  this  apparatus  is  as  follows  :  —  A  quantity  of  mercury 
or  quicksilver  is  placed  in  a  glass  vessel,  and  the  temperature  of  the  same  is  raised 
to  between  350°  and  660°  Fahr.,  by  means  of  an  open  fii-e  beneath.  The  chlorine 
gas,  as  It  is  generated,  passes  from  the  alembic  through  the  bent  tube  into  the  glass 
vessel,  and  there  combining  with  the  vapour  of  the  mercury,  forms  either  corrosive 
sublimate  or  calomel,  according  to  the  quantity  of  chlorine  gas  employed. 

The  product  is  found  at  the  bottom  of  the  air-tight  chamber,  and  may  be  removed 
Irom  the  same  through  a  door,  when  the  operation  is  finished 

Prosessor  Wiihler  proposes  to  prepare  calomel  in  the  humid  way  by  decomposing  a 
solution  oi  corrosive  sublimate  by  sulphurous  acid.  The  commercial  salt  is  dissolved 
m  water  at  22=^  to  saturation.  Sulphurous  acid  gas,  evolved  by  heating  coarse 
charcoal  powder  with  concentrated  sulphuric  acid,  is  passed  into  the  hot  solution  : 
rifJwllh  .  T  immediately.    When  the  solution  is  satu- 

rated with  he  gas  1  IS  digested  for  some  time,  then  left  to  get  cold,  and  filtered  from 
the  calomel,  which  is  afterwards  washed.  The  filtrate  usually  contains  some  u™ 
changeable  corrosive  sublimate,  which  may  be  converted  into  calomel,  either  bv  heat- 
ing to  boihng,  or  by  a  iresh  introduction  of  sulphurous  acid  and  heating.  Calomel 

The  presence  of  corrosive  sublimate  in  calomel  is  easily  detected  by  dieestin-  alcohol 
TteHstic  bH^fw  decanted  alcohol  with  a  drop  of  caustic  pota^sh.S^the  cL 

TJT  -T^  I  u     ,  ™  calomel,  digest  dilute  nitric  acid  on  it  and  test  the 

acid  with  potash,  when  a  precipitate  will  fallen  case  of  that  contamination  As  it  s 
a  medicine  so  extensively  administered  to  children  at  a  very  tende.  aee'  itf  Duritv 
ought  to  be  scrupulously  watched.  ^  '       P  ^ 

nl7f^lfn  °^/^'°'"el  contain  100  of  quicksilver.    H.  M  N 

what^oo'^faS-ly  ^bandred"  wS'Slored  '"he^e'Sr'  f'"^'^  ^7^^^^^  ^^'l'^- 
te™  iSbe'en  diterd'^th'^'^SeX.T'"'"^  '  ^'^^'^ 

^^^^^ 

cul^ro^tt'ThTci'liretTa'L?'^^  t'''-  ^^-^^-^ 

caloric  by  its  mobUi,;    We  rn  "V  adilv1orm  ^^'.""^  ''''''       "  ^^"'^^  °f 

employed  for  that  purpose     We  adant  to  th?      '^'^  °^      apparatus  which  has  been 

an  ordLry  cylindL  Z^r  5^ £  V.'ub^T^S  S'^"  ^  '^''^'^  ^ 
to  a  certain  height,  and  descends,  making  severk  inLVt L 
with  a  gentle  slope  till  it  reaches  the  level  of  the  bottom  of  the 

mted  at  c.    At  the  highest  pomt  of  the  tube  r  we  adanta  ver 
tical  pipe  destined  to  serve  as  an  outlet  to  the  stJam  Xh  mav 
be  formed  if  the  temperature  be  too  mucl,  raised ; ^tlerves  also 
for  the  escape  of  the  air  expelled  from  the  wate;  by  the  heat 
the  wn^r'™-"'  r'-^°'^''  '°     ''J^^^^'^^^^d  from  time^to  time  as 
the^  water  is  dissipated  by  evaporation;  lastly,  it  is  a  tube  of 

asTh'e^'o'lKM  Sit^h  waiter "frt'-^^f  f  ^'^-^^'^^^  - 
the  first  portions  of  Itrrtea't  d  ha^^nt  h  ' 
lighter,  will  tend  to  rise :  th^  tiS  actLl 
upper  part  of  the  boiler      l  ^'^^^^^^Y  mount  into  the  <^ 

the  same  time  an  em  ivaleiU  ouanHr'';  ''''''  '^f  ^"^''^  ^  ^= 
boiler  by  the  otheT^exllSyTo/uL^u:^^^^ 

these  simultaneous  movements  will  r!.^  perceive  that   — 

liquid,  which  will  contlnTeTlong  ^  ea"ir.:n'^e;:^t'f  1"  -""^^  of  the 
suppose  that  the  tubes,  throughout  their  diffi.lnt  i- '°  fire-place  ;  and  if  we 
^v■al  sofa  chamber,  or  a  stove  room  Xelf^^^^^  «PP"ed  against  the 

sur  aces;  and  we  may  accelerate  t";  warm  nTiv  r^.r'^"'^  by  contact  wifh  the  hot 
Diode  indicated.  warming  by  multiplying  these  contacts  in  the 

This  calor^jl,.,  can  be  employed  with  equal  advantage  and 


with  more  safety  than 
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those  with  heated  air,  -when  it  is  wislied  to  heat  large  apartments.  In  the  present  case 
the  temperature  of  the  wnter,  without  pressure,  ii^  tiie  tubes,  must  be  always  under 
100°  C.  (212°  F.),  even  iu  those  points  where  it  is  most  heated,  and  less  still  in  all 
the  other  points,  while  the  temperature  ot'tiie  flues  in  uu'  slaves,  heated  directly  by  the 
products  of  combustion,  may  be  greatly  higlier.  In  air  stoves,  however,  the  pipes  may 
without  inconvenience  have  a  large  diameter,  and  present,  consequently,  a  large  heat- 
ing surface ;  whereas,  with  the  water  calui  ifire,  the  pressure  exercised  by  liquid  upon 
the  sides  of  the  tubes  being  in  the  ratio  of  the  surfaces,  we  are  obliged,  in  order  to 
avoid  too  great  pressure,  to  employ  a  multitude  of  small  tubes,  which  is  expensive. 
Lastly,  if  the  hot-water  circulation  is  to  be  carried  high,  as  may  be  often  necessary  in 
lofty  buildings,  the  pressure  resulting  from  the  great  elevation  would  call  for  propor- 
tional thickness  in  the  tubes  and  the  boiler:  for  these  reasons,  it  appears  that  water 
cannot  in  all  cases  be  advantageously  substituted  for  air  or  steam  in  the  applications 
above  stated  :  yet  this  mode  of  heating  presents  very  decided  advantages  where  it  is 
needed  to  raise  the  temperature  a  small  number  of  degrees  in  a  uniform  manner. 

M.  Bonnemain  applied,  with  much  success,  these  ingenious  processes  of  heating  by 
the  circulation  of  water  to  maintain  a  very  equal  temperature  in  hot-houses  (serres- 
chaudes),  in  stoves  adapted  to  artificial  incubation,  and  in  preserving  or  quickening 
vegetation  within  hot-houses,  or  outside  of  their  walls,  during  seasons  unpropitious  to 
horticulture. 

Since  the  capacity  of  water  for  heat  is  very  great,  if  the  mass  of  it  in  a  circulation- 
apparatus  he  very  considerable,  and  the  circulation  be  accelerated  by  proper  arrange- 
ments, as  by  cooling  the  descending-tube  exterior  to  the  stove-room,  we  may  easily 
obtain  by  such  means  a  moderately  high  and  uniform  temperature,  provided  the  heat 
generated  in  the  fire-place  be  tolerably  regular.  We  may  easily  secure  this  essential 
point  by  the  aid  oi  the  fire-regulator,  an  instrument  invented  by  M.  Bonnemain. 

It  should  be  clearly  understood  that  wood  will  become  charred  and  eventually  take 
fire  if  kept  in  contact  with  iron  pipes  through  which  hot  water  circulates.  This  may 
appear  contrary  to  ordinary  experience.  There  are,  however,  numerous  evidences 
which  prove  distinctly  that  it  is  dangerous  to  have  wood  in  contact  with  even  hot 
water  pipes,  and  that  it  is  infinitely  more  so  to  have  it  near  to  pipes  through  which  the 
circulation  of  heated  air  is  carried  on. 

CALORIMETER.  An  instrument  intended  to  measure  the  quantity  of  heat  pro- 
duced by  burning  bodies,  devised  by  Lavoisier  and  Laplace.  The  principle  upon  which 
these  instruments  depended  may  be  easily  understood.  To  convert  a  certain  quantity 
of  ice  into  water,  a  given  amount  of  heat  is  necessary.  Now  suppose  we  construct  a 
funnel-shaped  vessel,  and  having  placed  in  the  middle  of  it  a  vessel  containing  boiling 
water,  or  hot  mercury,  or  oil,  or  a  red-hot  piece  of  metal,  it  is  packed  round  with  ice, 
care  being  taken  that  no  heat  shall  escape,  except  it  is  employed  to  thaw  the  ice. 
The  water  formed  by  the  ice  is  collected  in  a  vessel  placed  below  the  funnel,  and 
the  quantity  collected  during  tlie  cooling  of  the  heated  body  will  represent  the  heat 
given  out  and  employed  in  liquefying  the  ice.  For  nice  experiments  certain  exact 
determinations  are  required,  for  which,  and  the  general  rules  to  be  observed,  some 
good  treatise  on  Physics  should  be  consulted. 

CALOTYPE  (s\gni{ying  beautiful  picture).  A  name  given  by  Mr.  Henry  Fox 
Talbot  to  a  photographic  process  invented  by  him  in  1840,  and  patented  in  1841. 

Mr.  Talbot's  description  of  his  process,  is  as  follows: — 

Take  a  sheet  of  the  best  writing-paper,  having  a  smooth  surface,  and  a  close  and 
even  texture.  The  water-mark,  if  any,  should  be  cut  off,  lest  it  injure  the  appearance 
of  the  picture.  Dissolve  100  grains  of  crystallised  nitrate  of  silver  in  six  ounces  of 
distilled  water.  Wash  the  paper  with  this  solution  with  a  soft  brush  on  one  side,  and 
put  a  mark  on  that  side,  whereby  to  know  it  again.  Dry  the  paper  cautiously  at  a 
distance  from  the  fire,  or  else  let  it  dry  spontaneously  in  a  dark  room.  "When  dry,  or 
nearly  so  dip  it  into  a  solution  of  iodide  of  potassium,  containing  500  grams  of  that 
salt  dissolved  in  one  pint  of  water,  and  let  it  stay  two  or  three  minutes  m  the  solution. 
Then  dip  the  paper  into  a  vessel  of  water,  dry  it  lightly  with  blotting-paper,  and  finish 
drvinff  it  at  a  fire,  which  will  not  injure  it  even  if  held  pretty  near:  or  else  it  may  be 
left  to  dry  spontaneously.  AU  this  is  best  done  in  the  evening  by  candle-light:  the 
oaoer  so  far  prepared,  is  called  w&ed /jrrper,  because  it  has  a  uniform  pale-yellow 
coating  of  iodide  of  silver.  It  is  scarcely  sensitive  to  light,  but  nevertheless  it  ought 
to  be  kept  in  a  portfolio  or  drawer  until  wanted  for  use.  It  may  be  kept  for  any  leiigtli 
of  time  without  spoiling  or  undergoing  any  change,  if  protected  from  sunshine.  V\  ben 
the  paper  is  required  for  use,  take  a  sheet  of  it,  and  wash  it  with  a  liquid  prepared  m 

the  following  manner: —  .  „  ..      .    .  r  j-  .'ii^j  ^r,Mr- 

Dissolve  100  grains  of  crystallised  nitrate  of  silver  m  two  ounces  of  distilled  wa  or 
add  to  this  solution  one-sixth  of  its  volume  of  strong  acetic  acid.    Let  this  be  caiita 
mixture  A. 
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Make  a  saturated  solution  of  crystallised  gallic  acid  in  cold  distilled  water.  The 
quantity  dissolved  is  very  small.    Call  this  solution  B. 

Mix  together  the  liquids  A  and  B  in  equal  volumes,  but  only  a  small  quantity  of 
them  at  a  time,  because  the  mixture  does  not  keep  long  -without  spoiliug.  This  mix- 
ture Mr.  Talbot  calls  the  gallo  nitrate  of  silver.  This  solution  must  be  washed  over 
the  iodised  paper  on  the  side  marked,  and  being  allowed  to  remain  upon  it  for  half  a 
mmute,  it  must  be  dipped  into  water,  and  then  lightly  dried  with  blotting-paper.  This 
operation  in  particular  requires  the  total  exclusion  of  daylight;  and  although  the 
paper  thus  prepared  has  been  found  to  keep  for  two  or  three  months,  it  is  advisable 
the^dark  "  ^  rendered  useless  by  spontaneous  change  in 

Paper  thus  prepared  is  exquisitely  sensitive  to  light ;  an  exnosure  of  less  than  « 
second  to  ditfused  daylight  being  quite  sufficient  to  s^t  up  the  JrCss  of  chan^  If  a 
piece  of  this  paper  IS  parily  covered,  and  the  other  portion  exposed  to  daylight  for  the 
bnefesl  possible  period  oj  tune  a  very  decided  impression  will  be  made.  Thfs  mpres- 
sion  IS  latent  and  invisible.  If,  however,  the  paper  be  placed  aside  in  the  dark  7wUl 
gradually  develop  ztself-  or  it  may  be  brought  out  immediately  by  being  washed  over 
w  ith  the  gal  o-mtrate  of  silver,  and  held  at  a  short  distance  from  the  fire  bTwhich  Ihl 
exposed  portions  become  brown,  the  covered  parts  remaining  of  their  oi'ioLIl  colour 
The  pictures  being  thus  procured,  are  to  be  fixed  by  washing  in  clean  w  ater  and 
igh  ly  drying  bet^ween  blotting  paper,  after  which  they  are  to  be  washed  over  with  a 
solution  of  bromide  of  potassium,  containing  100  grains  of  that  sairdissolved  in  eiVht 
t°hen  finrib'dr^d"''"'         '  "^''^"'^  ^^^^         dipped Intwa^errand' 

A  great  number  of  modifications  of  the  calotype  have  been  introduced  bv  which 
greater  sensibility  to  the  chemical  influences  of  the  solar  ravs  luns  beerobtLined  For 
to^'X'V^i^lZ'^^^^^^^^^  -  Hunt's  M?nS?f  At 

CAMBOGIA.    -S-fe  Gajiboge. 

appear  to  have  been  cut  unnn  thp  nn,,^  ^r.A  T  "''^  °'one.  ihe  earliest  cameos 
cameo  is  formed  u;on  fsre  hrvin7r;o  o!mo?rr'''"^  ^l^e  true 

art  of  the  cameo  engrL^i  consilts  in  so  cnZ'  IVT'"'' '^'^''"'"^  ^"^ 
coloured  layers  to  diftinct  panr"r':i"valnfSle"w^-k  ^^''"^'''"'^  ^l'^^-^'^' 

Iay'?s7andtaStrks  W t Jn  ^cut  TjoL" s^c^ ^"  °P^<^- 
The  calcedony  and  agate  are  Wver  not  .nfr  'P<^?™<^°«       fl^is  material, 

layers  vary  verv  much  in  the'ir  J.!  !  '       '>°f'-«liently  coloured  artificially.  The 
Su'ch  stones  ar?"reS,anf  tfy  fsTsIr;drLt"^^  absorbent  and  others' not  so! 
boiled  in  a  solution  of  sugar  or  honrv  and  ttn  in   °f  T'^-''^'''^  ^'^y^''^'  '^'y 
honey  is,  in  the  first  place  absorheTl  h7t\  sulphuric  acid.    The  sugar  or 

by  tl  add.    Red  orCnlSdlay'ers  a-rp"       d'  1'^""'  '"'^  ^'"'^  decom^sed  . 
absorb  a  solution  of  sulphate  of  iro^  and  then         '      °°^a«'OD'°g  the  stone  to 
oxidation  of  the  metal     Thi,  hpin  J^'      ,         ^  exposure  to  heat  effecling  the 

aretheresult;  andTeryfiS  aShtneeTcutr„7/^  - 

and  in  France,  the  art  of  producing  ^IcanZ  Z  hn.  h  f  '°  ^'^^7 

but  the  immense  labour  which  such  hard  mateiSu        •  '  t°«o>«e  extent,  revived; 

that  these  cameos  have  not  come  Sto  general  use   ^  "'^'^^''^ 'hem so  expensive, 

the  pr^t-^,  S  tTeSer^l^tS^^^^^^^^^^^  ^ 
for  this  purpose.  "laienais  nave  ot  late  been  entirely  neglected 

the.manufacturt";rcLlt;r  gTvTn^S'^rf  account  of 

paper  ■;ead  before  the  Society  of  Arts  in  1847  fo  whinT'  "-^  f'''^'  '^'^'^  Museum,  i„  a 
p/ncal  Transactions,  we  are  indebted  fo  mucl  ^f  the  informnr  °  ^^"^oso- 
.  It  was  the  custom  in  Holland  to  use  the  nenWv      .  ?  contained  in  this  article 

kinds  of  turbines  or  wreatl,  she  Is.  which^hrve  an  n  '^^^  severai 

an  internal  nearlv  m,p    'rK„„.  .  "^Y''  ^"  opaque  white  external  cmt  nlT 


an  internal  pearly  one.    These  are  nnt  r.T  r  ""^  external  coat  , 


are 
are 
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peculiar  for  being  all  formed  of  three  layers  of  calcareous  matter,  each  layer  being 
composed  of  three  perpendicular  lamintc  placed  sicj^  by  side ;  the  laminae  comprising 
the  central  layer,  being  placed  at  right  angles  -with  one  of  the  inner  and  outer  ones; 
■  the  inner  and  outer  being  placed  longitudinally  with  regard  to  the  axis  of  the  line  of 
the  shells,  while  the  inner  laminaj  are  placed  across  the  axis,  and  concentrically  with 
the  edge  of  the  mouth  of  the  cone  of  the  shell.    {Gray,  Phil.  Trans.) 

This  structure  furnishes  the  cameo  cutter  with  the  means  of  giving  a  particular 
surface  to  his  work,  a  good  workman  always  putting  his  work  on  the  shell  in  such  a 
manner,  that  the  direction  of  the  laminse  of  the  central  coat  is  longitudinal  to  the  axis 
of  his  figure.  The  central  layer  forms  the  body  of  the  bas-relief,  the  inner  lamina 
being  the  ground,  and  the  outer  one,  the  third  or  superficial  colour,  which  is  some- 
times used  to  give  a  varied  appearance  to  the  surface  of  the  figure.  The  cameo 
cutter,  therefore,  selects  for  his  purpose  those  shells  which  have  three  layers  of 
ditferent  colours,  as  these  afford  him  the  means  of  relieving  his  work;  and  secondly, 
those  which  have  the  three  layers  strongly  adherent  together,  for  if  they  separated, 
his  labour  would  be  lost. 

The  following  are  the  kinds  of  shells  now  employed:  1.  The  bull's  mouth  (Cassis 
rufum),  which  has  a  red  inner  coat,  or  what  is  called  a  sardonyx  ground.  2.  The 
black  helmet  {Cassis  Madagascariensis),  which  has  a  blackish  inner  coat,  or  what  is 
called  an  onyx  ground.  3.  The  horned  helmet  {Cassis  cornutuni),  with  a  yellow 
ground.    4.  The  queen's  conch  ( Strombus  gigas),  with  a  pink  ground. 

The  bull's  mouth  and  the  black  helmet  are  the  best  shells.  The  horned  helmet  is 
apt  to  separate  from  the  ground,  or  douhle,  and  the  last,  the  queen's  conch,  has  but 
seldom  the  two  colours  marked  with  sufficient  distinctness,  and  the  finish  of  the  ground 
colour  flies  on  exposure  to  light. 

The  red  colour  of  the  bull's  mouth  extends  only  a  slight  distance  mto  the  mouth 
of  the  shell,  becoming  paler  as  it  proceeds  backwards.  The  dark  colour  extends 
further  in  the  black  and  yellow  varieties.  Hence,  the  bull's  mouth  only  affords  a 
sino-le  cameo  large  enough  to  make  brooches  of,  and  several  small  pieces  for  shirt- 
studs.  The  black  helmet  yields  on  an  average  about  five  brooches,  and  several  pieces 
for  studs,  while  the  queen's  conch  affords  only  one  good  piece. 

Forty  years  since,  very  few  cameos  were  made  from  any  shells  but  the  black 
helmet  and  the  number  of  shells  then  used  amounted  to  about  .SOO  annually,  nearly 
all  of  which  were  sent  from  England,  being  all  that  were  then  imported.  The  black 
helmet  is  imported  into  England  from  Jamaica,  Nassau,  and  New  Providence.  They 
are  not  found  in  Madagascar,  though  naturalists  have  for  a  long  period  caUed  them 
Madagascar  helmets.    {Gray.)  ,    ^  ,    ,   i.-D  t, 

Of  the  bull's  mouth,  half  are  received  direct  from  the  Island  of  Bourbon,  to  which 
place  they  are  brought  from  Madagascar,  and  the  other  half  are  obtamed  from  the 
island  of  Ceylon,  being  received  by  the  way  of  Calcutta;  hence  they  are  often  called 
"  Calcutta  shells."  •  ^  .  *v„4. 

So  rapidly  has  the  trade  in  those  shells  increased,  that  Mr.  Gray  'nfo™s  us  that 
in  Paris  100,500  shells  are  used  for  cameos  annually.    These  are  divided  as  foUows  : 

Price.  Value. 

Bull's  mouth  -       -    80,000       -    -       Is.    8d.    -    -  £6400 


Black  helmet 


S'OOO       -    -       5     0      -    -  1920 


Horned  helmet  -  500  -  -  2  6  -  -  60 
Queen's  conch       -    12,000      -    -       1     2^     -    -  72& 


Sterling  £9105 


The  manufacture  of  shell  cameos  was  for  some  time  confined  to  Italy ;  about  twenty 
years  since  an  Italian  commenced  making  them  in  Paris,  and  now  the  trade  is  con- 
Fned  principally  to  the  French  capital,  where  not  less  than  300  persons  are  engaged 

"  Neariy'alf^^rc'meos  made  in  France  are  sent  to  England.  I"  Binningham^m^^^^ 
«f  fhem  are  mounted  as  brooches,  and  exported  to  America  and  the  British  colonies. 

Tn  1856  we  imported,  of  shell  cameos  not  set,  to  the  value  of  £6683. 

C  AMERrOBSCUli  A,  literally,  dark  chamber.  An  instrument  invented  by  Bap  te 
Porta    It  is  employed  for  the  production  of  photographic  pictures,  and  will  be  fully 

'^^^clSiiV^r  SbS!'  I  t^^^^^X^^  for  female  appareK 

°' CAMPEACHY  WOOD  {HcEmatoxylon  Campechianum).  Logwood  brought  from 
the  bay  of  that  name.    See  Logwood. 
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CAMPHINE.  Rectified  oil  of  turpentine  is  sold  in  the  shops  under  this  name  for 
burning  in  lamps.  Crude  oil  of  turpentine  is  redistilled  with  potash,  and  then  wiih 
water,  and  lastly,  to  secure  its  perfect  purity,  with  chloride  of  calcium.  The  oil  thus 
prepared  forms  a  limpid  colourless  liquid;  its  specific  gravity  is  about  0-870,  but 
it  is  subject  to  some  slight  variations  ;  C^R"  appears  fairly  to  represent  this  and 
several  other  similar  oils.  It  is  very  inflammable,  burning  with  abright  white  flame,  and 
without  a  proper  supply  of  air  it  evolves  much  dense  smoke,  hence-  peculiar  lamps 
{Cavip/une  lamps)  are  required.  Where  it  has,  from  exposure  to  air,  absorbed 
oxygen,  and  become  resinified,  it  is  unfit  for  purposes  of  illumination.  Such  camphnie 
very  rapidly  clogs  the  wick  with  a  dense  carbon,  and  is  liable  to  the  thick  black  smoke, 
which  IS  so  objectionable  in  the  camphine  lamps  if  they  are  not  properly  attended  to. 

To  purify  old  camphine,  n  must  be  redistiUed  from  carbonate  of  potash,  or  some 
similarly  active  substance  to  deprive  it  of  its  resin.    See  Lamps 

C  AMPHOLE.  One  of  the  oils  obtained  from  coal  tar.  Mansfield  gave  this  name 
to  the  oils  cumole  ^ad  cymole,  which  boil  at  284°  and  338°  Fahrenheit,  when  collected 
together.  The  specific  gravity  of  crude  camphole  ranges  from  -88  to  -98  and  the  less 
volatile  portions  frequently  contain  naphthaline,  which  raises  their  specific  gravity 

nr^'i^-    f  '"'^'^'^  ^'"^  pyroxylic  spirit,  is  applicable  for  burning 

i  T,°,T  'dissolving  resins,  as  a  substilu  fe  for  oil  of  turpentine  ^ 
CAMPHOR,  or  CAMPHIRE.  (Ca^V--,  Fr. ;  7^,.^'-,  Ger  ")  This  immediate 
product  of  vegetation  was  known  to  the  Arabs  under  the  names  of  luLphur  V^Taph.r 
whence  the  name  campAom.  Camphor  was  not  known  to  the  ancients-  it  is  fi 'si 
mentioned  by  Avicenna  and  Serapion  calls  it  cafur.  Symeon  Setl^Tho  lived  n  the 
e  eventh  centm-y  describes  t.  It  is  found  in  a  great  n/any  ph.nts,  knd  I  secreted  in 
punty,by  several  laurels;  it  occurs  combined  with  the  essential  ^ils  of  manv  ot' the 
ttr^boundr  fn  China manufacturing  purposes,  only  from  the  latriSola 
wnicn  abounds  in  China  and  Japan,  as  wcH  as  from  a  tree  which  grows  in  Sumatra 
and  Borneo,  called,  in  the  country,  Kapour  barros,  from  the  name  of  thTplace  where 
1  IS  most  common     The  camphor  exists,  ready  formed,  in  these  vegetables  behveen 

The  substance  is  miLd  as  intSw  L  ""^^^  temperature  of  400°  Fahr. 

the  mixture  is  intSd  into  Hlr  Je  ho^^  ^''"i'  °^  quicklime,  and 

sand  bath.    The  fi.e  is  sloXraisedfm  thl  w>,T  '  °^  g'^*^'  ^"'^k  in  a 

upper  part  is  gradually  Sbare  n  pJolnln  n  '.7^ '  >,r''T'^'  ^''^^ 
tention  and  elperience  are  rSuired  to  Si  H  •        ^'i^^li^iation  goes  on.    Much  at- 
ture  be  raised  too  slowly  theleck  of  the  h„t,V  "^^TT ^TT""^--  ^ra- 
the  heat  had  acquired  (he  proper  suW^iS°  l^Jl'^  '  ^/  "'"^P^°'-  before 

contents  might  be  exploded.  TthrinraKf  and,  if  too  quickly,  the  whole 
of  the  upper  part  of  the  bottle  be  somew^f  ^  be  carried  on  languidly,  and  the  heat 
to  say,  Tlittle  under  350°  Fahr  Te  co^^^^^^^^^^^  the  meltmg  po  nt  of  camphor,  that  is 
sufliciently  compact  and  Lnsnarent  toT  i  '™P'^°''  .^oi^'d  snowy,  and  not 
of  temperature  cause  Htt  e  Lts  o  be  tlJ nw  Occasionally,  sudden  alterations 

bottom,  on  the  cake  fo  meVabote  wM^h  loll  it^'annV^^*^' -l''^"'^  .^"'"P^"''  ^he 
sary.  ^^'^'^       i'.  and  render  its  resublimation  neces- 

^ill  be  retained  at  the  botto  j  and  Ser  cTk^^^^^  '""^  ^^■"Phor 

platina  foil  hnmersed  in  the  liauid  m-7v  tlnH  ,         v       Produced.    A  spiral  sUp  of 

By  exposing  some  volatile  oils  tn^n^,  .  ^'^"'^'"^  ebullition.  ^  ^  °' 
Fahr  Proust^btained  aSL^^'^S.  «  ^J-  --^-t  of  about  70° 

we.ght;  from  oil  of  sage,  121-  from  oH  nf^'~        "'^  °^ 25 

Kefined  camphor  is  I  t3,?i,  .T,  ^-^  P"'" 

It  may  ,e  obtained,  fron^^t   W  eoo,irg'iTs"a'^^^^^^^ 

crystals.  It  may  be  scratched  by  the  naif  is  ve  rv  fl  ^?  "  octahedral 
powder  readily  by  mixing  it  with  a  few  drom  nf  V  f  f  ^'^  reduced  into 

0  0  3  'oscmaiy  ;  along  with 
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tt  small  quantity  of  acidulous  water  tinged  with  that  oil,  charcoal  remains  in  the  retort. 
In  the  air,  camphor  tukes  fire  on  contact  of  an  ignited  body,  and  burns  all  away  with 
a  bright  fuliginous  flame. 

Camphor  is  little  soluble  in  water ;  one  part  being  capable  of  communicating  smell 
and  taste  to  1000  of  the  fluid  this  is  the  Mislurm  Cumphorce  of  the  apothecary.  100 
parts  of  alcohol,  spec.  grav.  0-806,  dissolve  120  parts  of  camphor,  at  ordinary  tempera- 
tures. It  is  separated  in  a  pulverulent  state  by  water.  Ether  and  oils,  both  expressed 
and  volatile,  also  dissolve  it. 

When  distilled  with  8  parts  of  aquafortis,  camphor  is  converted  into  camphoric  acid. 
Camphor  absorbs  144  times  its  volume  of  muriatic  acid  gas,  and  is  transformed  into  a 
colourless  transparent  liquid,  which  becomes  solid  in  the  air,  because  the  acid  attracts 
humidity,  which  precipitates  the  camphor.  One  part  of  strong  acetic  acid  dissolves 
2  parts  of  camphor.  By  Dr.  Ure's  analysis,  camphor  consists  of  77  38  carbon,  iri4 
hydrogen,  and  11-48  oxygen. 

Dumas  (1)  and  Blanchet  and  Sell  (2)  have  given  the  following  composition  : — 

(1)  (2) 

Carbon        -       -       -       78  02  -  -  -  77-96 

Hydrogen     -       -       -       10-39  -  -  -  10-61 

Oxygen       -       -       -       11-59  -  -  -  11-43 

There  are  two  kinds  of  camphor  imported :  — 

Japan  Camphor,  called  Dutch  Camphok  because  it  is  always  brought  by  the 
Dutch  to  England.  It  comes  by  the  way  of  Batavia,  and  is  imported  in  tubs  (hence 
it  is  called  tub  camphor-),  covered  with  matting,  and  each  surrounded  by  a  second  tub, 
secured  on  the  outside  by  hoops  of  twisted  cane. 

China  Camphor,  or  Formosa  Camphor,  is  imported  from  Singapore  and  Bombay 
in  chests  lined  with  lead -foil  containing  about  1^  cwts. 

It  has  been  suggested  to  introduce  the  camphor  trees  into  other  countries.  South 
Georgia  and  Florida  are  named  as  suitable  localities. 

The  Laura  camphora  is  commonly  found  in  all  the  nurseries  around  Paris,  and 
sold  at  5  francs  for  a  plant  30  inches  high.  At  full  growth  the  tree  attains  an  altitude  of 
from  40  to  50  feet.  ..... 

The  wood  of  the  camphor  tree  is  in  favour  for  carpenter's  work  ;  it  is  light,  easily 
worked,  durable,  and  not  liable  to  be  attacked  by  insects. 

It  is  said  that  in  Sumatra  numbers  of  trees  are  cut  down  before  one  is  found  to  repay. 
Not  a  tenth  part  of  the  trees  attacked  yield  either  camphor  or  camphor  oil. 

The  camphor  is  distinguished  by  the  names  of  head,  belly,  and  foot,  when  in  bulk. 
The  head  camphor  is  in  large  white  flakes ;  the  belly  camphor,  small  brown  flakes, 
transparent,  like  resin  coarsely  powdered  ;  the  foot,  like  dark-coloured  resin.  A  native 
"  Catty  "  may  be  divided  into  :  — 

1.  Capallo,  or  large  head   =2-2 

2.  Capallo  cachell,  or  small  head         -       -       -  =3-5 

3.  Baddan,  or  belly    ------  =4-2 

4.  Cakee,  or  foot  "  =6-1 

=  1  Catty  16 

The  inquiries  of  Royle  and  Roxburgh  agree  with  the  records  of  Sir  G.  Staunton, 
Dr  Abel  and  Mr  C.  Grove,  of  the  estimation  placed  upon  the  camphor  of  iiorneo 
bvthe  Chinese,  who  actually  give  a  greater  price  for  the  coarser  article  than  they 
afterwards  sell  t  for,  when  in  a  purified  state  for  commerce.  Hence  it  is  inferred  that 
Se  rrneo  camphor,  being  so  strong,  communicates  its  odour  and  virtues,  to  other 
matters  and  thus  an  adulteiated  drug  is  sold  by  the  Chinese  ;  or  it  may  be  mixed  with 
the  camphor  obtained  by  cutting  and  macerating  the  wood  of  the  Laura  camphora  tha 
grows^n  China.  Sir  G.  Staunton,  however,  declares  the  Chinese  seU  the  camphor  at 
a  lower  price  than  they  give  for  it  at  Borneo. 
Our  importations  in  1856  were  : — 

Camphor  unrefined  4-505  cwts. 

refined   626  „ 

CAMPHOR  ARTIFICIAL.  When  hydrochlofic  acid  (muriatic)  is  passed  into 
oil  of  Turpentine  surrounded  by  ice,  two  compounds  are  obtained,  one  solid  and 
the  olher  C  The  first,  solid  artificial  camphor,  C-H-HCl  is  ^^1'°.  t'^"^??;-;"  ' 
lighS  than  wkter,  and  has  a  camphoraceous  taste.    The  fluid  is  termed  Uqud^M^- 

^'  cImPHOR  "oTr  of  "laurel.  When  the  branches  of  Camphora  officinarum 
arc  ^isX  w^t'h  wate>?r  mixture  of  camphor  and  a  liquid  essential  oil  is  obtained. 


CANDLE. 


567 


This  is  the  oil  of  camphor;  it  has  a  density  of  0-910,  and  its  composition  is  C'-TI'^O. 
By  exposure  to  oxygen  gas,  or  to  the  action  of  nitric  acid,  it  absorbs  oxygen,  and 
becomes  solid  camphor,  C^'il'^O^ 

This  is  an  esteemed  article  in  the  eastern  marlcets ;  it  undergoes  no  preparation, 
and  though  named  oil,  it  is  rather  a  liquid  and  volatile  resin.  The  natives  of  Sumatra 
make  a  transverse  incision  in  the  tree  to  the  depth  of  some  inches,  the  cut  sloping 
downwards,  so  as  to  form  a  cavity  of  the  capacity  of  a  quart ;  a  lighted  reed  is  placed  in 
it  for  about  10  minutes,  and  in  the  space  of  a  night  the  cavity  is  filled  with  this  fluid. 
The  natives  consider  this  oil  of  great  use  as  a  domestic  remedy  for  strains,  swellings, 
and  inflammations. 

Dr.  Royle  states  the  trees  are  of  large  dimensions,  from  2  k  to  7  feet  in  diameter. 
The  same  tree  that  produces  the  oil,  would  have  produced  the  camphor  if  unmolested, 
the  oil  being  supposed  to  be  the  first  stage  of  the  camphor's  forming,  and  is  conse- 
quently found  in  younger  trees. 

CAMPHOR  STORM  GLASSES.  Glasses  called  usuaUy  storm  glasses,  and  sold 
as  indicators  of  atmospheric  changes. 

"  Storm  glasses  "  are  made  by  dissolving  :  — 

Camphor   2^  drachms 

Nitre   38  grains 

Sal  ammoniac  ------  sg  grains 

Water    -------  9  flui^L  drachms 

Rectified  spirit  of  wine    -       -       -       -  11  fluid  drachms. 

Plumose  crystals  form  in  the  glass,  and  are  said  to  condense  and  collect  at  the 
bottom  of  the  bottle  on  the  approach  of  a  storm,  and  to  rise  up  and  diffuse  them- 
selves through  the  liquid  on  the  approach  of  fine  weather;  but  Dr.  Farrion  thinks  that 
their  weather  predicting  qualities  are  false,  and  that  light  is  thsT agent  which,  together 
with  temperature,  influences  the  condition. 

CAM- WOOD.  An  Afi-ican  dye  wood,  shipped  principally  from  Sierra  Leone  in 
short  logs.  Mr.  G.  Loddiges  in  his  botanical  cabinet,  figures  the  plant,  producing 
It  under  the  name  of  Baphta  nitidu;  it  is  a  leguminous  plant,  and  has  been  introduced 
mto,  and  has  flowered  in  this  country. 

BALSAM.    A  product  of  the  AUes  balsamea,  or  balm  of  Gilead  fir 
The  finer  varieties  of  this  balsam  are  used  for  mounting  objects  for  the  microscope.' 

bee  xSALSAMS.  ^ 

CANARY  WOOD     A  wood  is  imported  into  this  country  under  the  name  of 
Madeira  mahogany,  which  appears  to  be  this  canary  wood.    It  is  the  produce  of  the 
Royal  Bay  ia«n,«  indica,  a  native  of  the  Canary  Islands.    It  is  rather  a  light  wood 
and  of  a  yellow  colour.  °  wouu, 

"^t^r^^-    (^'"""t/'''  ^/-i  «^™-)    Candles  are  either  dipped  or 

moulded  As  the  quality  of  the  candle  depends  upon  the  material  employTin  Z 
manufacture,  the  first  part  of  the  tallow  chandler's  process  is  the  sorting  of  the  taUow 
Mutton  suet  with  a  proportion  of  ox-tallow  is  selected  for  mould  candles  because  h 
gives  them  gloss  and  consistence.  Coarser  tallow  is  reserved  for  the  dipped  cand'es 
After  being  sorted,  1  is  cut  into  small  pieces,  preparatory  to  being  melted  rr  ,-S2'. 
and  the  sooner  this  is  done  after  the  fat  is  taken  from  the  carcase  the  better  betause 
the  fibrous  and  fleshy  matters  mixed  with  it  promote  its  putrefaction.  T  d bw  is  ?oo 
commonly  melted  by  a  naked  fire  applied  to  the  bottom  of  the  vessel,  whereasTsholid 
be  done  either  in  a  cold  set-pun,  where  the  flame  plays  only  roundThe  sides  a  little 
way  above  the  bottom,  or  in  a  steam-cased  pan.  After  being  fused  rcrsiderable 
ime,  the  membranous  matters  collect  at  the  surface,  constituting  the  c;-aSrused 
some  mies  for  feeding  dogs,  after  the  fat  has  been  squeezed  out  of  it  by  a  presT  The 
liquid  tallow  IS  strained  through  a  sieve  into  another  copper  where  it  is  frPnL 
water  at  a  boiling  temperature  in  order  to  wash  it.  AfLl-rwhile  when  h.T-^  ^ 
water  has  settled  to  the  bottom,  the  purified  tallow  is  liffpH  nnf  i,  '  ^""^^ 
iron  buckets,  into  tubs  of  a  moderate  Le,  fhere  it  cone  etes  itus  «acw'f 

It  IS  a  remarkable  circumstance,  that  the  wicks  foi  Eest  d^  ntl  ^, 
cotton  ro viugs  imported  from  Turk'ey -  notwithstanding  tt  Set^ns  or^ntnVT  f 
of  cotton-spinnmg  in  this  country.  Four  or  more  of  these  Tnrl/p!,^!  perfection 
the  intended  thickness  of  the  wick,  are  wound  off  at  once  into  L  .n^  according  to 
afterwards  cut  by  a  simple  machine  into  lengths  co.-resDondin  °tJ  /h  "Jf"""^'  ^"'^ 
to  be  made.  The  operations  for  cutting,  =twisting  a'nd  t"x^^ 
formed  upon  a  series  of  threads  at  once.    The  app.  ratus  i?nln.  i,'''  ^'"^  P"'" 

of  which  the  operator  sits.  A  reel  extends  acroii  fhf  P'aced  ,n  a  box,  in  front 
which  the  cotto'n  threads  have  beS      vioLly  runS^^^^i^^^^  P""*'  "P^^^ 

off  mto  proper  lengths,  doubled,  and  cut  bv  an  Wpnin,=  I  '^^^  ''^'''^  '^''a^vn 
.h.  .iol„  i,u,  U.e  ..1,0,;,  rubbi„,  .^p^Sn ';L7at™r.h,  ZSlfZ 
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allowing  the  tallow  which  adheres  to  harden,  they  may  he  arranged  with  facility  upon 
the  broaches  for  the  purpose  of  dipping.  The  dipping  room  is  furnished  with  a  boiler 
for  melting  the  tallow,  the  dipping  mould  or  cistern,  and  a  large  wlieel  for  supporting 
the  broaches.  From  the  ceiling  of  the  workshop  a  long  lialance-shaped  beam  is 
suspended,  to  one  end  of  which  a  wooden  frame  is  attached  for  holding  the  broaches 
with  the  wicks  arranged  at  proper  distances.  The  opposite  arm  is  loaded  with  a 
weight  to  counterbalance  the  wooden  frame,  and  to  enable  the  workman  to  ascertain 
the  proper  size  of  the  candles.  The  end  of  the  lever  which  supports  the  frame  is  placed 
immediately  above  the  dipping  cistern  ;  and  the  whole  machine  is  so  balanced  that,  by 
a  gentle  pressure  of  the  hand,  the  wicks  are  let  down  into  the  melted  tallow  as  often 
as  may  be  required. 

The  following  is  a  convenient  apparatus  for  dipping  candles.  In  the  centre  of  the 
dipping-room  a  strong  upright  post  AA,fg.  397,  is  erected,  with  turning  iron  pivots 
at  its  two  ends.  Near  its  middle,  six  mortises  are  cut  at  small  distances  from  one 
another,  into  each  of  which  is  inserted  a  long  bar  of  wood,  bb,  which  moves  venically 
upon  an  iron  pin,  also  passing  through  the  middle  of  the  shaft.  The  whole  presents  the 
appearance  of  a  large  horizontal  wheel  with  twelve  arras.  A  coinplete  view  of  two 
of  them  only  is  given  in  the  figure.  From  the  extremity  of  each  arm  is  suspended 
a  frame,  or  port,  as  the  workmen  call  it,  containing  6  rods,  on  each  of  which  are 
hung  18  wicks,  making  the  whole  number  of  wicks  upon  the  wheel  1296.  The 
machine,  though  apparently  heavy,  turns  round  by  the  smallest  effort  of  the  workman  ; 
and  each  port,  as  it  comes  in  succession  over  the  dipping-mould,  is  gently  pressed 
downwards,  by  which  means  the  wicks  are  regularly  immersed  in  melted  tallow.  As 
the  arms  of  the  lever  are  all  of  the  same  length,  and  as  each  is  loaded  with  nearly  the 
same  weight,  it  is  obvious  that  they  will  all  naturally  assume  a  horizontal  position. 
In  order,  however,  to  prevent  any  oscillation  of  the  machine  in  turning  round,  jhe 
levers  are  kept  in  a  horizontal  position  by  means  of  small  chains,  aa,  one  end  of  which 
is  fixed  to  the  top  of  the  upright  shaft,  and  the  other  terminates  in  a  small  square  piece 
of  wood,  b,  which  exactly  fills  the  notch  c  in  the  lever.  As  one  end  of  the  levers 
must  be  depressed  at  each  dip,  the  square  piece  of  wood  is  thrown  out  of  the  notch 
hy  the  workmen  pressing  down  the  handle  d,  which  communicates  with  the  small 
lever  e,  inserted  into  a  groove  in  the  bar  b.    In  order  that  the  square  piece  of  wood 

fixed  in  one  extremity  of  the  chain, 
397  may  recover  its  position  upon  the 

workman's  raising  the  port,  a  small 
cord  is  attached  to  it,  which  passes 
over  a  pulley  inserted  in  a  groove 
near  c,  and  communicates  with 
another  pulley  and  weight,  which 
draws  it  forward  to  the  notch.  In 
this  way  the  operation  of  dipping 
may  be  conducted  by  a  single  work- 
man with  perfect  ease  and  regularity, 
and  even  despatch.  No  time  is  lost, 
aud  no  unnecessary  labour  ex- 
pended, in  removing  the  ports  after 
each  dip ;  and,  besides,  the  process 
of  cooling  is  much  accelerated  by 
the  candles  being  kept  in  constant 
motion  through  the  air.  The  num- 
ber of  revolutions  which  the  wheel 
must  make,  in  order  to  complete 
one  Operation,  must  obviously  de- 
pend upon  the  state  of  the  weather 
and  the  size  of  the  candles ;  but  it  is 
said  that,  in  moderately  cold  weather, 
not  more  than  two  hours  are  necessary  for  a  single  person  to  finish  one  wheel  of 
candles  of  a  common  size.  Upou  the  supposition,  therefore  that  six  wheels  are  com- 
pleted in  one  day,  no  less  a  number  than  7776  caudles  will  he  manufactuied  m  that 
space  of  time  by  one  workman.  .    .    ,     .,  ^i.  *  „<•  j:„„:„„ 

The  process  of  moulding,  is  even  less  complicated  m  its  details  than  that  of  d'PP 
The  moulds  are  made  of  some  metallic  substance,  usualb' _pewtei%  an^ 
parts. 

the  inside,  and  open  at  both  extremities, 


The  shaft  or  great  body  of  the  mould  is  a  hoi  ow  cyhnder,     '-'>y  1  f  f;;!/;^ 
...  ...ide,  and  open  at  both  extremities.    The  top  of  the  mould  is  «  ^'"f '  ;! 

cup,  having  a  moulding  within- side,  and  a  hole  to  adnut  the  wick.  Ihe  t«o  pans 
are  soldered  together,  and  when  united,  as  will  readily  be  imaguiec  , 


have  the  shape 


of  a  moulded  candle.    A  third  piece,  caUcd  the  foot,  is  sometimes  added 


it  is  a  kind 
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of  small  funnel,  through  which  the  liquid  tallow  runs  into  the  mould,  and,  being 
screwed  to  the  opposite  extremity  of  the  shaft,  is  removable  at  pleasure.  This 
additional  piece  may  certainly  be  useful  in  very  mild  weather;  since,  by  removing 
it,  the  candles  may  be  drawn  more  easily  from  the  moulds;  but,  in  general,  it  may 
be  dispensed  with. 

Eight  or  twelve  of  these  moulds,  according  to  their  size,  are  fixed  in  a  frame,  which 
bears  a  great  resemblance  to  a  wooden  stool,  the  upper  surface  of  which  forms  a  kind 
of  trough.  The  tops  of  the  moulds  point  downwards,  and  the  other  extremity,  which 
is  open,  is  inserted  into  the  trough  or  top  of  the  stool,  and  made  quite  level  with  its 
upper  surface.  In  order  to  introduce  the  wicks  into  the  mould,  the  workman  lays 
the  frame  upon  its  side  on  an  adjoining  table,  and  holding  in  his  left  hand  a  quantity 
of  wicks,  previously  cut  to  the  proper  length,  he  introduces  into  the  mould  a  long 
wire  with  a  hooked  point.  As  soon  as  the  hook  of  the  wire  appears  through  the  hole 
in  the  top  of  the  mould,  he  attaches  to  it  the  looped  end  of  the  wick,  and,  immediately 
drawmg  back  the  wire,  brings  the  wick  along  with  it.  In  this  manner  each  mould  in 
succession  is  furnished  with  a  wick.  Another  workman  now  follows,  and  passes  a 
small  wire  through  the  loop  of  each  wick.  This  wire  is  obviously  intended  to  keep 
the  wick  stretched,  and  to  prevent  it  from  falling  back  into  the  mould  upon  the  frame 
Il"?^F,  u'^  ™  the  proper  position  for  filling.  The  frame  is  then  handed  to  the  person 
that  h lis  the  moulds,  who  previously  arranges  the  small  wires  in  such  a  manner  that 
each  wick  may  be  exactly  in  the  axis  of  the  mould. 

The  moulds  are  filled  by  running  tallow  into  each  of  them,  or  into  the  trough,  from 
a  cistern  furnished  with  a  cock,  and  which  is  regularly  supplied  with  tallovv  of  the 
proper  temperature  from  an  adjoining  boiler.  When  the  workman  obsei^es  tha  he 
moulds  are  nearly  half  filled  he  turns  the  cock,  and  laying  hold  of  that  portion  of  e 
tTp  lri     >.  '^^'-T!  •  ^-  P"^^^  thus  prevents  any  curling  of 

Socis   ;f"mti°'^TVT'''  =  "P^"^  ^'^^         and  completes^he 

process  of  fiUing.  The  frame  is  now  set  aside  to  cool ;  and  when  the  tallow  has 
acquired  a  proper  consistence,  which  the  workman  easii;  discovers  by  a  smi^nins 
noise  emitted  by  the  candles  upon  pressing  his  thumb  a-ainst  the  bottom  n'f'^l^? 
moulds,  he  first  withdraws  the  small  wires  which  kept  th"'e  Ss  ense  and  h^ 
scraping  off  the  loose  tallow  from  the  top  of  the  frame  with  a  small  wooden  sTade  he 
introduces  a  bodkm  into  the  loop  of  the  wick,  and  thus  draws  eacrcandle  in  .'no 
cession  from  its  mould.  The  candles  are  now  laid  unon  a  toblp  fnr  in!^  f- 
afterwards  removed  to  the  storehouse.  Previous  to^storini  th^r^  nn  /  °'  .'f*^ 
Ss^additiotl  "  "or  v'rarSa'^ 

are  brought  to  market,  they  become  sufiiciently  whi'tenel  by  agf  '"""^ 

placedLmediately  over  a  L^ge  c^^Jer  tinS  basL^^^^^^ 

upon  their  tops,  one  after  another,  by  means  of  a  Wladr 

by  either  process  acquired  the  proper  size,  they  areS  from^Sp^^^ 

or  ^^'^  ^  ^^-^  ^t™. 

J^'JrTanTst'e^ic  'i^i'':Srj\t:fneXZ!r  ^^.^'^^^^^''-^'-S  candles  from 
acids  by  the  following  proc;sr-TSrron^^tT^n^^^  '^bove  fat' 

a  solid  fat,  and  elaine^  a  linuid  fat   the  tZT'^^  Chevreul's  researches,  of  steari.e. 

When  tallow  is  treated  Vuh  aSkSL  body  s"  h  as  S  Za^  ''r  ''''''  P'^P""'-' 
that  IS,  Its  stearine  and  elaine  become  resnppt^"  ,    P      •  '^"1-^'°rl™e'''issaponifi 
form  compounds  with  these  bases    When  CStfln'T  ^"'l'  «^  «"ch 

or  muriatic,  these  combinations  are  decomposed  H  1         "  ^"'l^'-ric 
of  stearic  and  elaic  acids;  the  former  borTJ^Kji^l^'!^?'''PP'^^       t'^e  altered  for 


•in 

e 
e 


during  the  operation  and  warmed  by  steam  int^^^^^^^^^  '^^P'  stirred 

the  mixture  has  been  allowed  to  stZ  tClltH,^^^^^^  When 
suiface,  and  the  water  being  drawn  off  will  c-frrv  tl.a  or  fat  will  rise  to  the 
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solid  mass.  This  mass  is  now  to  be  submitted  to  considerable  pressure  in  such  an  appa- 
ratiis  as  is  employed  in  expressing  oil  from  seeds;  ysiicu  the  liquid  acid  will  run  oflFin  the 
form  of  a  substance  resembling  oil,  leaving  a  solid  matter,  similar,  in  every  respect  to 
spermaceti,  which  is  lit  for  making  candles."  ' 

The  wick  to  be  used  in  the  manufacture  of  the  Stearine  candles,  and  which  forms 
one  of  the  features  of  this  invention,  is  to  be  made  of  cotton  yarn,  twisted  rather  hard 
and  laid  in  the  same  manner  as  wire  is  sometimes  coiled  round  the  bass  strings  of 
musical  instruments.  For  this  purpose,  straight  rods  or  wires  are  to  be  procured,  of 
suitable  lengths  and  diameters,  according  to  the  intended  size  of  the  candles  about  to  be 
made;  and  these  wires,  having  been  covered  with  cotton  coiled  round  them,  as  described, 
are  to  be  inserted  in  the  candle  mould.s  as  the  common  wicks  are;  and  when  the  candle 
is  made,  and  perfectly  hard,  the  wire  is  to  be  withdrawn,  leaving  a  hollow  cylindrical 
aperture  entirely  through  the  middle  of  the  candle.  (See  Steakine  )  The  first  success- 
ful application  of  the  fat  acid,  or  stearic  candles,  appears  to  have  been  made  by  Messrs. 
Motard  and  Nilly.  They  made  stearine  candles,  which  they  called  "  bougies  de  I'aoile," 
for  which  the  "  Society  of  Encouragement "  voted  them  their  silver  medal. 

Messrs.  Hempbell  and  Blundell  have  given  a  very  minute  account  of  the  process  for 
making  palm  oil,  stearic  and  margaric  acids,  in  the  specification  of  their  patent  for  this 
mode  of  manufacturing  candles  :  — 

1.  Their  fii-st  process  is  called  crystallisation,  which  consists  in  pouring  the  melted 
palm-oil  into  ii'on  pans,  allowing  it  to  cool  slowly,  whereby,  at  about  75°  F.,  the 
elaine  separates  from  the  crystalline  stearine  and  margarine. 

2.  The  concreted  oil  is  subjected  to  the  action  of  an  hydraulic  press,  in  order  to  sepa- 
rate the  elaine  from  the  solid  fats. 

3.  This  process  is  called  oxidation.  To  104  lbs.  of  the  stearine  and  margarine,  melted 
.in  an  iron  pan,  about  12  lbs.  of  slaked  and  sifted  quicklime  are  added,  with  diligent 
stirring,  during  which  the  temperature  is  to  be  slowly  raised  to  240°  F.,  and  so  main- 
tained for  about  3  hours,  till  a  perfect  chemical  combination  takes  place.  This  is  shown 
by  the  mass  becoming  thin,  transparent,  and  assuming  a  glassy  appearance  w  hen  it 
cools.  The  fire  being  now  withdrawn,  cold  water  is  added,  very  gradually  at  first,  with 
brisk  stirring  till  the  whole  mass  falls  into  a  state  of  powdery  granulation,  when  it  is 
passed  through  a  wire  sieve  to  break  down  any  lumps  that  may  remain. 

4.  Separation  of  the  Stearic  and  Margaric  Acids  from  the  lime.  For  this  purpose,  as 
much  muriate  of  lime  (chloride  of  calcium)  is  taken  as  will,  with  its  equivalent  quantity 
of  sulphuric  acid  (8  lbs.  of  dry  muriate  of  lime,  require  7  lbs.  of  the  strongest  sulphuric 
acid),  produce  as  much  muriatic  acid  as  will  dissolve  the  lime  combined  with  the  fat 
acids:  and  therefore  that  quantity  of  muriate  of  lime  dissolved  in  water  must  be  treated 
vrith  as  much  sulphuric  acid  as  will  saturate  its  lime  and  throw  it  down  in  the  state  of 
sulphate  of  lime.  Add  the  supernatant  solution  of  muriatic  acid  in  such  proportion  t« 
the  steai-ate  and  margarate  of  lime  as  will  rather  more  than  saturate  the  lime.  Three 
pounds  of  muriatic  acid  diluted  with  9  lbs.  of  water  are  stated  as  enough  for  1  lb.  of 
lime.  This  mixture  is  to  be  let  alone  for  3  or  4  days,  in  order  to  insure  the  complete 
separation  of  the  lime  from  the  fat  acids ;  and  then  the  mixture  is  heated  so  as  to  melt 
and  cause  them  to  separate  in  a  stratum  on  the  top  of  the  liquid.  The  resulting  muriate 
of  lime  is  drawn  off  into  another  tub,  and  decomposed  by  its  dose  of  sulphuric  acid,  so 
as  to  liberate  its  muriatic  acid  for  a  fresh  operation. 

5.  The  fat  acids,  being  well  washed  by  agitation  with  hot  water,  are  then  set  to  cool 
and  crystallise,  in  which  state  they  are  subjected  to  the  action  of  the  hydraulic  press, 
at  a  temperature  of  75°  F.,  whereat  the  margaric  acid  runs  off  from  the  solid  stearic 
acid. 

6.  Bleaching.  The  stearic  acid  is  taken  from  the  press,  and  exposed  upon  water  in 
large  shallow  vessels  placed  in  the  open  air,  where  it  is  kept  at  the  melting  tempera- 
ture from  1  to  12  hours,  stirring  meanwhile,  in  order  to  promote  the  blanching  action 
of  the  atmosphere.  The  margaric  acid  is  bleached  in  a  similar  manner  in  separate 
vessels. 

7.  Refining  Process.  The  fat  is  warmed  again,  and  poured  in  a  liquid  state  into  an 
agitating  tub  ;  where,  for  every  1000  lbs.  of  the  stearic  acid,  about  2i  lbs.  of  common 
bTack  oxide  of  manganese,  and  40  lbs.  of  concentrated  sulphuric  acid,  diluted  with 
200  lbs.  of  pure  water,  are  to  be  used.  This  solution  ("  mixture  while  warm  from 
the  heat  evolved  in  diluting  the  acid,  is  placed  in  a  suitable  vessel  above  the  agitating 
tub.  The  stearic  acid  being  at  the  melting  point,  in  the  vessel  below,  agitation  is  to 
be  given  with  a  revolving  shaft,  while  the  mixed  manganese  and  acid  are  run  slowly 
down  into  it,  till  the  whole  be  well  mixed,  which  generally  requires  about  2  hours. 
The  mass  is  allowed  to  lie  in  this  state  for  48  hours;  after  which  it  may  be  boiled  by 
steam  for  2  or  3  hours,  when  it  will  be  sufficiently  refined.  The  sulphuric  acid,  wlncli 
is  at  the  bottom,  is  now  run  off,  and  the  stearic  acid  which  remains  is  well  washed  with 
pure  water.    It  is  then  put  into  large  conical  vessels  of  stone-ware,  inclosed  in  a  box 
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or  jacket,  kept  -warm  by  steam-heat,  and  lined  with  conical  bags  of  a  suitable  strong 
filtering  paper,  through  ^vhich,  being  warm,  it  finds  its  way ;  and  when  the  stearic  acid 
has  been  thus  filtered,  it  is  run  into  blocks,  when  it  will  be  found  to  be  a  beautiful 
stearic  acid  or  palm- wax,  aud  is  ready  to  be  made  into  candles  in  the  usual  way. 

The  chief  solid  constituent  of  palm  oil  is  margaric  acid.  This  they  direct  to  be 
melted  with  tallow,  in  the  proportion  of  from  10  to  20  lbs.  of  the  former  to  100  lbs.  of 
the  latter.    See  Newton's  Journal,  C.  S.,  xi.  207. 

Price  and  Co.  introduced,  in  1840,  on  the  occasion  of  her  Majesty's  marriage 
(when,  for  the  illuminations,  a  cheap  self-snuffing  candle  was  required),  a  new  compo- 
site candle,  which  was  a  mixture  of  stearic  acid  and  cocoa-nut  stearine.  Mr.  George 
Gwynne,  in  1840,  patented  a  process  for  piirifying  the  fatty  acids  by  distillation : 
this  was  followed  by  a  similar  patent  by  Dubrunfant, — and  Mr.  Wilson,  of  Belmont, 
Vauxhall,  obtained  in  August,  1842,  a  patent  for  improvements  in  treating  fats  for 
making  candles.    These  advances  led  to  many  modifications  in  candle  manufacture. 

If  distiUed  fats  are  used  in  making  composite  candles,  they  are  bleached  and 
hardened  in  that  operation.  When  palm  oil  is  the  material,  it  is  first  saponified,  then 
distilled,  —  granulated  by  fusion  and  slow  cooling, — and  cold-pressed;  by  which 
means  stearic  acid  and  a  light-coloured  oil  are  obtained,  which  may  be  mixed  with 
the  stearine  of  cocoa-nut  oil,  or  other  stearine.  A  cheaper  article  maybe  had  by 
mixing  the  entire  product  of  the  above  distillation  with  half  its  weight  of  distilled 
and  cold-pressed  stearic  acid  of  tallow.  Tallow  is  deprived  of  its  oleine  by  pressure, 
accompanied  by  artificial  cold  if  necessary ;  this  being  added  to  the  other  hard 
matter  the  mixture  is  converted  into  fatty  acids,  and  distilled,  and  the  entire  product 
of  distillation  is  employed  for  making  candles ;  or  it  may  be  pressed  to  make  them 
harder.  As  distiUed  stearic  acid  is  more  crystalUne  than  undistilled,  2  or  4  per  cent 
ol  wax  may  be  added  to  assist  the  combination  of  the  fatty  acid  with  the  stearine 

Candles  consisting  of  alternate  layers  of  tallow  and  stearine  have  been  made  by 
dipping  their  wicks  alternately  in  these  two  fatty  bodies  in  a  fluid  state  Mr  W 
feykes  has  gone  to  the  expense  of  a  patent  on  the  contrivance.  The  wicks  are 
impregnated  with  a  solution  of  bismuth  or  borax. 

_  In  a  lecture  dehvered  at  the  Society  of  Arts  by  Mr.  Wilson,  and  published  in  their 
journal,  he  described  the  progress  of  the  more  recent  improvements.  In  this  he 
n'lu^  Candles  beautiful  m  appearance,  were  made  by  distilling  the  cocoa-nut 
acids ;  but,  on  pu  tmg  hem  out,  they  gave  off  a  choking  vapour,  which  produced 
violent  coughing."  This  prevented  those  candles  from  being  brought  into  th^market 
By  distilling  cocoa-nut  lime-soap,  we  made  beautiful  candles,  restmblino-  those  made 

hat  the  subsequent  improvements  superseded  its  use.  Under  one  part  of  this  nf  ent 
the  distillation  was  carried  on  sometimes  with  the  air  partiZ  Excluded  from  the 
So'th^c^'"'  °f  '''•7'P°"r  -ithout,'^the  W  evapo't  ng 

fnTpttiirthrXn'di^tutroterfattid^        ttj  r^^  '-5 

JI..  Jones,  Mr  Wilson  appeai/to  have  first^^ed  usi^g  Zl'^'o^^r^i^Tj^. 
the  air  from  the  apparatus  during  distillation     This  led      isio  p      ■  ^^l^'^'"^ 

J^=^ttt=:i5i™~3^ 

;^^niixture  of  fat  acid  and  fat  t^o  a  high'^ m^ifafd  fh' tSZe  It  ^1 

vegetable  oil's,  Ld  buU^^n/l^pa^ ;;a':!?  we"^^^^  7,^^?  --.^1  ^a, 

GJ  ewts.  of  concentrated  sulphuric  acid,  at  a  ten^TrLu  e  of  3^0?  In'ttl''''"" 
the  glycerine  is  decomposed,  large  volumes  of  siilnWn,,=  1- 1         •       ^  ^^'^  process 
IS  changed  into  a  mixture  of  fat  ad"s  ^vit^™^^  """^  fat 

washed,  to  free  it  from  charred  mat  «  and  .rZ^  Ingh  melting  point.  This  is 
transferred  into  a  still,  from  which  ^  aii  i  «xc  S'h^  '"  "''^  '"'^  '^''^ 
steam  used  by  us  is  heated  in  a  series  of  J  pes  sh^ik?  tJ  ^he 
apparatus  n  the  manufacture  of  iron,  the^oyec  of  headn??h 

save  the  still,  andredi.ee  to  a  sraaU  extent  Lseous  lo«ir.^-^         ''f,^"'  o°'y  ^ 
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putting  6  tons  of  it  into  an  iron  still  capable  of  holding  9  tons,  heats  it  gradually 
to  350°  F.,  and  then  adds  gradually  1440  lbs.ofsulpli4>ric  acid  of  18  specific  gravity.  At 
the  expiration  of  about  two  hours,  the  tallow  is  pumped  into  a  vessel,  containing  water 
slightly  acidulated  with  sulphuric  acid  ;  and  is  therein  agitated  by  free  steam  passing 
through  it  for  2  hours.  The  materials  are  then  left  to  repose  for  G  hours ;  both 
these  vessels,  and  the  former,  should  be  provided  with  a  cover  and  a  means  of  con- 
veying the  gases  which  may  be  evolved  into  a  chimney.  The  vegetable  tallow  is 
next  distilled  in  such  a  manner  that  the  atmosphere  is  excluded.  This  is  best  effected 
by  the  use  of  steam  highly  heated,  which  he  introduces  into  the  still,  in  numerous 
jets  below  the  tallow.  The  distilled  products  are  received  into  condensers,  and 
they  may  be  used  alone,  or  they  may  be  mixed  with  other  matters  for  making  the 
best  class  of  candles.  The  patentee  improves  paraffine  by  a  like  process.  He  makes 
candles  with  2  or  3  wicks,  by  mixing  palm  oil  pressed  with  tallow,  or  the  above 
distilled  fat,  for  burning  in  candle  lamps. 

In  1854,  Mr.  Tighlman  obtained  a  patent  for  the  exposure  of  fats  and  oils  to  the 
action  of  water  at  a  high  temperature,  and  under  great  pressure,  in  order  to  cause  the 
combination  of  the  water  with  the  elements  of  the  neutral  fats  ;  so  as  to  produce  at 
the  same  time  free  fat  acid  and  solution  of  glycerine.    See  Gltcekine. 

He  proposed  to  effect  this  by  pumping  a  mixture  of  fat  and  water,  by  means  of  a 
force-pump,  through  a  coil  of  pipe  heated  to  about  612°  F.,  kept  under  a  pressure  of 
about  2000  lbs.  to  the  square  inch  ;  and  he  states  that  the  vessel  must  be  closed,  so 
that  the  requisite  amount  of  pressure  may  be  applied  to  prevent  the  conversion  of 
water  into  steam.  Mr.  Wilson  improved  upon  this  process,  by  passing  steam  into 
fat  at  a  high  temperature  ;  and  by  this  process  hundreds  of  tons  of  palm  oil  are  now 
treated.  The  glycerine  and  fat  distil  over  together,  but  no  longer  combined  ;  and  the 
former,  being  separated,  is  subjected  to  a  redistillation,  by  which  it  is  purified.  This 
distillation  is  effected  by  transmitting  through  the  fat  contained  in  an  iron  still,  steam 
at  about  600°  or  700°  F.,  heated  by  passing  through  iron  pipes  laid  in  a  fire.  The 
steam  is  transmitted  till  the  oily  matter  is  heated  to  about  350°  ;  the  vapours  pro- 
duced being  carried  into  a  high  shaft  by  a  pipe  from  the  cover  of  the  iron  vessel. 
The  hot  oily  matter  is  then  run  into  another  vessel  made  of  brick  lined  with  lead,  and 
sunk  in  the  ground,  for  the  purpose  of  supporting  the  brick- work  under  or  against  the 
internal  pressure  of  the  fluid.  It  has  a  wooden  cover  lined  with  lead,  directly  beneath 
which,  and  extending  across  the  vessel,  is  a  leaden  pipe,  1  inch  in  diameter,  having  a 
small  hole  in  each  side,  at  every  6  inches  of  its  length  ;  and  through  this  pipe  is  intro- 
duced a  mixture  of  1000  lbs.  of  sulphuric  acid,  sp.  gr.  1-8,  and  the  same  weight  of 
water.  The  introduction  of  the  mixture,  which  falls  in  divided  jets  into  the  heated 
fat,  produces  violent  ebullition  ;  and  by  this  means  the  acid  and  fat  are  perfectly 
incorporated  before  the  action  of  the  acid  becomes  apparent  by  any  considerable 
discoloration  of  the  fat.  As  the  ebullition  ceasi  s,  the  fat  gradually  blackens ;  and  the 
matter  is  allowed  to  remain  for  6  hours  after  the  violent  ebullition  has  ceased.  The 
offensive  fumes  produced  are  carried  off  by  a  large  pipe,  which  rises  from  the  top  of 
the  vessel,  then  descends,  and  afterwards  rises  again  into  a  high  chimney.  At  the 
downward  part  of  this  pipe  a  small  jet  of  water  is  kept  playing,  to  condense  such 
parts  of  the  vapours  as  are  condensable.  At  the  end  of  the  6  hours  above  mentioned, 
the  operation  is  complete,  and  the  product  is  then  pumped  into  another  close  vessel 
and  washed,  by  being  boiled  up  (by  means  of  free  steam)  with  half  its  bulk  of  water. 
The  water  is  drained  off,  and  the  washing  repeated,  except  that  in  the  second  washing 
the  water  is  acidulated  with  100  lbs.  of  sulphuric  acid.  The  ultimate  product  is 
allowed  to  settle  for  24  hours ;  after  which  it  is  distilled  in  an  atmosphere  of  steani 
—  once  or  oftener  —  until  well  purified;  and  the  product  of  distillation  is  again 
washed,'  and  after  being  pressed  in  the  solid  state,  is  applied  to  the  manufacture  of 

candles.  ,  , 

The  following  definitions  of  terms  applied  to  candles  are  by  Mr.  Wilson  :— 
Belmont  Sperm.— Made  of  hot-pressed,  distilled  palm  acid. 

j5c/mon<  The  same  material,  tinged  with  gamboge.  ,  ,     •  p 

Best  Composite  Candles.— Made  of  a  mixture  of  the  hard  palm  acid,  and  steanne  ot 

"""comiS  Nos.  1.  2,  and  3,  are  made  of  palm  acids,  and  palm  acids  and  cocoa- 
nut  stearine,  the  relative  proportions  varying  according  to  the  relative  market  prices 
of  palm  oil  and  cocoa-nut  oil  at  the  particular  time  when  the  candles  are  manu- 

^'"''cZposite,  No.  4.- A  description  of  candle  introduced  at  a  price  a 

the  price  of  taUow  dip  candles.    They  are  somewhat  dark  in  colour,  but  give  a  good 

^'^The  highest  priced  candles  are  usually  made  in  the  ordinary  "^""'"^^ '  ^J*."* ^^^^^^^^ 
and  Co.'s  manufactory  they  have  a  machine  for  mouldmg  the  ordinary  stearine  candles, 
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and  otliers  of  a  similar  nature.  Wlien  one  set  of  candles  is  disch.irged  from  the  moulds, 
the  moulds  are  re-wicked  for  the  next  process  of  filling.  These  moulds  are  arranged 
side  by  side,  eighteen  in  number,  on  a  frame  ;  and  for  each  mould  there  is  a  reel 
capable  of  holding  sixty  yards  of  wick,  enclosed  in  a  box.  The  moulded  candle,  being 
still  attached  to  the  cotton  wick,  when  it  is  forced  out  of  the  mould,  brings  the  fresh 
wick  into  it.  The  moulded  candles  are,  by  a  very  ingenious  contrivance,  held  firm  in 
a  horizontal  position  while  a  knife  passes  across  and  severs  the  wick.  The  wicks  for 
the  new  set  of  candles  are  secured,  by  forceps,  firmly  to  the  conical  caps  of  the  moulds; 
these  are  carried  into  a  vertical  position,  and  slid  upon  a  railway  to  a  hot  closet, 
where  they  become  sufficiently  warm  to  receive  the  fat,  which,  kept  at  the  melting 
point  by  steam-pipes,  is  held  in  a  cistern  above  the  rails;  from  this  cistern  the  moulds 
are  filled  by  as  many  cocks,  which  are  turned  by  one  impulse.  If  we  imagine  an 
extensive  series  of  these  sets  of  moulds  travelling  from  the  machine  over  a  railway, 
in  regular  order,  and  that,  when  the  fat  has  become  solid,  these  return,  the  candles  are 
discharged,  and  the  process  is  renewed, — the  machine  will  be  tolerably  well  under- 
stood. Each  machine  holds  about  200  frames  of  moulds,  and  each  contains  18 
bobbins,  starting  each  with  60  yards  of  cotton  wick. 

Niyht-LighU. — These  are  short  thick  cylmders  of  fat,  with  a  very  thin  wick,  so 
proportioned  one  to  the  other,  that  they  burn  any  required  number  of  hours.  The 
moulds  in  which  these  are  made  are  metal  frames,  perforated  with  a  number  of  cylin- 
drical holes,  and  having  a  movable  bottom,  with  a  thin  wire  projecting  from  it  into 
every  mould.  These  are  filled  with  melted  fat,  and,  when  cold,  the  bottoms  are  forced 
up,  and  all  the  cylinders  of  fat  ejected,  each  having  a  small  hole  through  which  the 
wick,  a  cotton  previously  impregnated  with  wax,  is  inserted.  This  being  done,  the 
night  light,  being  pressed  on  a  warm  porcelain  slab,  is  melted  sufficiently  to  cement  the 
wick.    These  night-lights  are  burned  in  glass  cylinders,  into  which  they  fit. 

ChMs  Night-Liyhts  are  melted  fat  poured  into  card-board  boxes,  which  have  a 
hole  m  the  bottom,  through  which  the  wick  and  its  metallic  support  are  placed. 

Dr.  Ure  made  a  set  of  experiments  upon  the  relative  intensities  of  light,  and 
duration  of  different  candles,  the  results  of  which  are  contai-ned  in  the  following 


Number  in  a  Pound. 

Duration  of 
a  Candle. 

Weight  in 
Grains. 

Consnmption 
per  Hour  in 
Grains. 

Proportion 
of  Light. 

Economy 
of  Liglit. 

Candles 
equal  one 
Argand. 

10  mould  - 
10  dipped  - 

8  mould  - 

6  ditto  - 

4  ditto  - 
Argand  oil  flame 

A.  m. 

5  9 
4  36 

6  31 

7  ^ 

9      3  6 

682 
672 
856 
1160 
1707 

132 
150 
132 
163 
186 
512 

121 

13 

lOi 

14^ 

20J 

69-4 

68 
65^ 
591 
66 
80 
100 

5-7 

5-  25 

6-  6 
5-0 

3-5 

A  Scotch  mutchkm  or  Jth  of  a  gallon,  of  good  seal  oil,  weighs  6010  m-  or  13 '  oz 
avoirdupois,  and  lasts  in  a  bright  Argand  lamp  1 1  hours  44  minutes.    Thl  weight  of 
0.1  it  consumes  per  hour  is  equal  to  4  times  the  weight  of  tallow  in  candles  8  to  the 
pound,  and  ^th  the  weight  of  tallow  in  candles  6  to  the  pound.    But  its  Mit  bein^ 

Sit  Vot  v1lue°9i'?n ^^'^'l"'    ''''''f  ^^"^  table  Ihatt^ouTd! 

weig  t  ot  on,  value  9d  m  an  Argand,  are  equivalent  in  illuminating  power  to  3  pounds 
of  tallow  candles,  which  cost  about  2  shiUmgs.  The  larger  the  flame  in  thp  ni^^!! 
candles  the  greater  the  economy  of  light.  ^ 

In  1856,  we  imported  stearine  candles  from  the  following  places  :— 

Cwts. 

-  315 

-  106 

-  202 

-  173 

-  84 


Russia 

Denmark 

Holland 

Belgium 

France 


In  the  same  year  our  Exports  were  as  follows  ;— 

Stearine  Candles        -  6,I3'3^262 
Other  kinds      -      -  1,211,262 
See  Stearine,  Spermaceti,  Tallow,  Wax,  &c. 


Computed  real  value. 

-  £1771 
595 

-  1136 
975 
471 


Total  computed  and  declared 
re.il  value. 

-  :£309,871 

-  52,535 
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CANE-MILL.    The  mill  employed  for  crushing  the  sugar  cane.    See  Sugaii. 

CANES.  Canes  of  various  kinds  are  employed  in  manufactures,  as  the  Sugar 
cane,  Bamboo  canes,  and  Rattan  canes,  &c.  The  bamboo  is  a  plant  of  the  reedkilid, 
growing  in  the  East  Indies,  and  other  warm  climates,  and  sometimes  attaining  the 
height  of  60  feet.  Old  stalks  grow  to  five  or  six  inches  diameter,  and  are  so  hard 
and  durable  as  to  be  used  for  building,  and  for  all  sorts  of  furniture,  for  water-pipes, 
and  for  poles  to  support  palanquins.  The  smaller  kinds  are  used  for  walking-sticks, 
flutes,  &c. 

In  1856,  we  imported  309,000  Bamboo  canes  into  England. 

Rattan  canes  are  often  confounded  with  the  Bamboo.  They  are,  however,  the  pro- 
duce of  various  species  of  the  genus  Calamus.  They  are  cylindrical,  jointed,  very 
tough  and  strong,  from  the  size  of  a  goosequill  to  that  of  the  human  wrist,  and 
from  fifty  to  a  hundred  feet  in  length.  They  are  used  for  wicker-work,  seats  of 
chairs,  walking-sticks,  &c. 

In  1856,  we  imported  of  Rattan  canes,  7,840,702,  the  computed  value  of  which  was 
£15,681. 

CANGIC  A  WOOD,  called  also  in  England  Angica.  It  is  of  a  rose-wood  colour,  is 
imported  from  the  Brazils  in  trimmed  logs  from  eight  to  ten  inches  diameter.  As  a 
variety  in  cabinet  work,  small  quantities  of  this  wood  are  employed. 

CANNABIC  COMPOSITION.  This  material  for  architectural  decoration  is 
described  by  Mr.  B.  Albano  to  have  a  basis  of  hemp,  amalgamated  with  resinous  sulj- 
stances,  carefully  prepared  and  worked  into  sheets  of  large  dimension. 

Ornaments  in  high  relief  and  with  great  sharpness  of  detail  are  obtained  by 
pressure  of  metal  discs,  and  they  are  of  less  than  half  the  weight  of  papier  mache  orna- 
ments, sufiiciently  thin  and  elastic  to  be  adapted  to  wall  surfaces,  bearing  blows  of  the 
hammer,  and  resisting  all  ordinary  actions  of  heat  and  cold  without  change  of  form. 
Its  weather  qualities  had  been  severely  tried  on  the  continent,  as  for  coverings  of 
roofs,  &c.,  rcnaining  exposed  without  injury. 

This  composition  is  of  Italian  origin,  and  in  Italy  it  has  been  employed  for  panels, 
frames,  and  centres.  It  is  well  fitted  to  receive  bronze,  paint,  or  varnish,  the  material 
is  so  hard  as  to  allow  gold  to  be  burnished,  after  gilding  the  ornaments  made  of  it. 

CANNEL  COAE.  Cannel  coal  is  obtained  in  Lancashire,  in  Derbyshire,  in 
"Warwickshire,  and  in  Scotland,  in  considerable  quantities ;  there  are  some  other 
localities  in  which  it  is  procured,  but  not  so  extensively.  Its  use  as  a  fuel  and  for 
gas  making  will  be  found  in  the  articles  devoted  respectively  to  these  subjects. 

This  coal  has  a  dark  greyish  black  colour,  the  lustre  is  glistening  and  resinous,  it 
takes  a  good  polish,  and  is  hence  made  into  a  variety  of  ornaments.  It  is  not  equal 
to  jet  (see  Jet),  being  more  brittle,  heavier,  and  harder  ;  but  cheap  ornaments  made 
of  cannel  coal  are  not  unfrequently  sold  for  jet :  cannel  coal  is  made  up  of  horizontal 
layers,  and  has  a  grain  something  resembling  wood. 

The  coal,  when  worked  for  ornament,  is  cut  with  a  saw,  and  the  pieces  are  rough- 
shaped  with  a  chopper.  For  making  a  snuff-box,  whether  plain,  screwed,  or 
excentric  turned,  the  plank  way,  or  the  surface  parallel  with  the  seam,  is  most  suitable  ; 
it  is  also  proper  for  vases,  the  caps  and  bases  of  columns,  &c.  Cylindrical  pieces,  as 
for  the  shafts  of  columns,  should  be  cut  fiom  either  edge  of  the  slab,  as  the  lamins 
then  run  lengthways,  and  the  objects  are  much  stronger  :  cylindrical  pieces  thus  pre- 
pared, say  3  inches  long  and  iths  of  an  inch  diameter,  are  so  strong  they 
cannot  be  broken  between  the  fingers.  Similar  pieces  have  been  long  since  used  for 
the  construction  of  flutes,  and  in  the  British  Museum  may  be  seen  a  snufi'-box  of 
cannel  coal,  said  to  have  been  turned  in  the  reign  of  Charles  I.,  and  also  two  busts 
of  Henry  VIIL  and  his  daughter  Lady  Mary,  carved  m  the  same  material,  ihe 
plankway  surfaces  turn  the  most  freely,  and  with  shavings  much  like  those  of  wood; 
the  edges  yield  small  chips,  and  at  last  a  fine  dust,  but  which  does  not  stick  to  the 
hands  in  the  manner  of  common  coal.  Flat  objects,  such  as  inkstands,  are  worked 
with  the  joiner's  ordinary  tools  and  planes.  The  edges  of  cannel  coal  are  harder  and 
polish  better  than  flat  surfaces. -iIo/te«#    See  Coai.  and  Boghead  Coal. 

CANNON.    See  Artillery  and  Shell.  „     ,    ^    ,    .      •   ^  • 

CANTHARIDES.  The  blister  beetle  or  Spanish  fly,  the  Cantliaris  vcsicatoria. 
Cantharides  are  imported  from  St.  Petersburg  in  cases,  each  contammg  160  to  1^^^ 
lbs.,  and  also  from  Messina  in  barrels  or  cases  holdmg  each  100  lbs.  See  Pereiras 
"  Materia  Medica."    In  1856  we  imported  .'35,922  lbs.  ,     r  , 

Ma|ena  M  d  ca^^^^^^^^  ^^^^^    ^  T^^t^^Zs^f 

flax,  which  is  used  for  the  sails  of  ships  and  for  tents.    It  has  been  t"^"  J    .at  sa  s 
ships  made  with  the  selvages  and  seams  of  the  canvas  running  down  p^.ralkl  to  ^^^^^ 
edges  are  very  apt  to  bag.  and  become  torn  in  the  middle  from  the  ^tram  to  ^^  h.ol.  tluy 
are^subjccted  by\he  pressure  of  the  wind.    To  obviate  this  '"'^^^e"  f  by 
making  sails,  with  the  seams  and  selvages  running  d.agonall.v,  was  p.oposed  by 
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Admiral  Brooking,  and  a  patent  granted  to  liira  for  the  same  on  4th  of  November, 
1828.  The  invention  of  Messrs.  Ramsay  and  Orr,  has  a  similar  object,  viz.,  that  of 
giving  additional  strength  to  sails  by  a  peculiar  manner  of  weaving  the  canvas  of 
which  they  are  made. 

The  impr:ovcment  consisted  in  weaving  the  canvas  with  diagonal  threads  ;  that  is, 
placing  the  weft  yarn,  or  shoot,  in  weaving,  at  an  oblique  angle  to  the  warp  yarns, 
instead  of  making  the  decussation  of  the  warp,  or  weft  threads,  or  yarns,  at  right 
angles  to  each  other,  as  in  the  ordinary  mode  of  weaving. 

To  accomplish  this  object  the  loom  must  be  peculiarly  constructed;  its  warp  and 
work  beams  must  stand  at  an  oblique  angle  with  the  sides  of  the  loom,  and  the  batten 
and  slay  must  be  hxmg  in  a  peculiar  manner,  in  order  to  beat  up  the  weft  or  shoot,  in 
lines  ranging  diagonally  with  the  warp. 

Canvas  painted  of  various  patterns  is  used  for  covering  halls,  &c.,  and  is  generally 
called /oor  cloih.    A  finer  kind  of  canvas,  properly  prepared,  is  emploved  bv  artists 

CAOUTCHOUC,  GUM-ELASTIC,  ok  INDIAN-RUBBER  Icaoulcluc,  Fr  ; 
Kautschiik  Federharz,  Germ.)  occurs  as  a  milky  juice  in  several  plants,  such  as  the 
sip/wma,  cahuca,  called  also  nevea  guianensis,  cautschucjatropha  elastica,  castilkja  elas- 
tica,  cecropia  pelleta,  ficus  religiosa  and  undica,  urceolaria  elastica,  &c.  Dr  Lindley's 
account  of  the  plants  that  yield  the  most  important  supplies  of  commercial  caoutchouc 
with  plates  of  the  leaves  and  flowers,  will  be  found  in  Mr.  Hancock's  work  on  Caout- 
chouc. These  are  stated  to  be  siphovia  elastica,  Hancornia  speedosa,  ficus  elastica, 
and  xirceola  elastica.  It  is,  however,  extracted  chiefly  from  the  first  plant,  which 
grows  in  South  America  and  Java.  The  tree  has  incisions  made  into  itthrou<rh  the 
bark  in  many  places,  and  it  discharges  the  milky  juice,  which  is  spread  upon  clay 
moulds,  and  dried  in  the  sun,  or  with  the  smoke  of  a  fire,  which  blackens  it.  Portions 
ot  his  milky  juice  had  been  occasionally  sent  to  Europe  in  bottles  ;  some  few  arrived 
with  the  milky  emulsion,  but  generally  they  were  found  to  be  resolved  into  a  coa-ulum 
floating  m  an  aqueous  solution.  A  small  bottle  from  Cayenne  or  the  Isle  of  France 
m  the  possession  of  M.  D'Arcet,  passed  some  years  without  change  but  ?he  severe 
winter  of  1788-9  caused  it  to  pass  to  the  solid  state,  and  the  bottle  wL  broken 

hir  Joseph  Banks  is  reported  to  have  had  a  bottle  of  liquid  unaltered  but  which 
afterwards  was  decomposed.  Fifty  gold  louis  d'ors  were  afterwards  offered  by  him  at 
Lisbon  m  vain  to  receive  a  second  supply.  ■' 

Caoutchouc,  Gum  Elastic,  or  Indian-Rubber,  are  the  general  names  for  a  substance 
latter'hSoJT"'  ^'"r"""'  ^-P^^^^hat  it  seems  matter  for  sui prise  thauhe 
latter  half  of  the  preceding  century  should  have  passed  away  before  it  was  made 
known  to  Europe  by  memoirs  read  to  a  learned  body  ;  for  the  remainder  of  thp 
cen  ury  Its  extraordinary  property  of  elasticity  and  ^the  grotesqirobjec,^  „ilde 
by  the  Indians,  caused  it  to  be  met  with  in  the  cabinets  of  th,>  nr^Lo  ?  , 
knowledge  and  use  was  confined  to  erasing  marks  of  black  lend  nZ'l  V  ^"""^^ 
and  in  this  country  it  received  the  common^nTn le  of  leSeate,      ^  ^'""^ 

Europe  is  indebted  to  the  observations  of  M.  de  la  Condamine  who  rl.=n.f  i,  a 
from  France  on  a  scientific  mission,  found  the  natives  anrre^dems  rf  kat^n  w  f 
Sou  h  America  which  he  visited,  constantly  using  syrin<res  Tottts  L  L      ^  • 
I.quids,  boots,  and  many  other  articles,  made  of^lE'rubber  ifn^rZ''"''? 
an  account  to  the  Academy  of  Sciences  at  Pari«  of  Tht  c.Tf  ,  ■  ^"""'^ 

!^M^n^aSi~ 

.fSft-t-cl^^^ 

oi.,^nd^that  the  Indians,  with  a  pit  ^f  hard  ^oot fjp'^etd'ornltltru^r^^^ 

damp  and  water,  and  as  a  subslute  L  tarpau  ins    ^  t  n  ^'"^ 
of  a  great  canvas  prepared  with  liquid  iXn  ubh.r  t    ^^Pe«l,^"y  '"^marks  the  use 

It  stood  on  its  legs,  which  allowed  it  to  be  left  inl^he^;    '^Tf '  "'"'^''^ 

them  to  make  observations  at  intervals  of  wea  her  and  avoid  f"^^  "^"^  ^"^^''^d 

nig  the  instruments  to  boxes  and  places  ofrhplfpr     w  °f  remov- 

of  the  Cordilleras  and  the  Anderbootf  are  mad.  S'T""''^"  '^'^  "fissions 

l.ke  skins  when  they  have  been  smoked                 ^^'""^  ''''''  ^^^'^r,  and  appear 

Jl^:^:^^,  "^^^h5-:^^:J^-^^--^o^r,  especially  if  ,be 

methods  employed  by  the  Indians  ^  '''"^        ^^oke  and  fire 

M.  Condamine  found  in  the  province  of  Emoraldes,  a  substance  called  Hhev.;  it 
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is  obtained  by  a  single  incision  from  the  plants,  and  is  a  ■wliiteliciuid  like  milk,  ■wbioh 
hardens  and  blackens  in  the  air.  They  make  flambeaux  I  .^  inch  thick  and  2  feet 
long,  that  burn  very  well  without  a  wick  for  24  liouis,  with  a  brilliant  flame  and 
without  any  disagreeable  odour.  The  caoutchouc  was  wrapped  in  two  leaves  of  bana- 
nier  to  form  the  flambeaux  ;  he  used  these  lights  habitually,  on  his  route  along  the 
river  Emerandes,  and  especially  in  the  vcood  of  Sylanchfi,  where  he  was  detained  for 
days. 

It  was  in  1751,  that  M.  Condamine  brought  the  subject  into  notice,  for  his  friend 
Mons.  Fresneau  had  found  and  described  trees  in  Cayenne,  yielding  elastic  resin. 
Writing  to  his  friend,  he  records  the  localities,  trees,  tools,  and  details  for  obtaining 
the  sap,  andforming  articles.  He  also  found  that  the  heat  of  a  sand-bath,  with  nut  oil, 
softened,  and  in  a  manner,  dissolved  the  caoutchouc. 

M.  Condamine  concludes  his  remarks  upon  the  memoir  of  M.  Fresneau  with 
words  of  sufficient  import,  and  indeed  with  prophetic  spirit,  and  says,  "  it  will  be  an 
exclusive  object  of  commerce  for  that  colony  which  possesses  this  species  of  treasure." 
Such  were  his  words  a  century  past. 

MM.  Herissent  and  Macquer  in  1761,  gave  their  chemical  observations  to  the  Aca- 
demy Royal  on  caoutchouc,  or  elastic  resin  of  Cayenne.  They  refer  to  the  softening 
and  solution  by  oils  and  heat,  "  but  the  caoutchouc  does  not  again  take  its  solidity  or 
elasticity."  By  rectifying  oil  of  turpentine  upon  lime  and  dissolving  caoutchouc  in  it, 
they  obtained  a  pasty  mass  which  allowed  the  caoutchouc  to  regain  its  former  elastic 
state.  They  point  out  that  ether  may  be  advantageously  used,  and  they  complain  of 
the  great  expense  of  Dippel's  animal  oil  as  a  solvent.  While  pointing  out  the  surgical 
uses  of  caoutchouc,  Macquer  describes  the  necessity  for  carefully  rectifying  the  ether, 
taking  8  or  10  pounds,  and  only  receiving  the  first  2  pounds  for  the  solution  of  caout- 
chouc. He  used  instead  of  clay,  moulds  of  wax,  held  by  pincers,  and  plunged  in  the 
ethereal  solution,  and  by  repeated  coatings,  allowing  the  ether  to  evaporate,  a  thin 
covering  was  obtained  ;  by  the  heat  of  boiling  water  the  wax  flowed  out,  and  a 
tube  of  caoutchouc  remained.  He  states  that  he  found  it  difficult  to  get  the  tubes 
uniform. 

M.  Grossart  in  1768,  published  his  experiments  to  obtain  good  tubes  of  Indian 
rubber  by  means  of  ether  and  boiling  water,  these  memoirs  seem  to  have  remained 
without  sufficient  reference  and  study. 

It  has  been  received  as  an  opinion  in  England  and  America,  that  one  of  the  earliest 
notices  of  the  useful  properties  of  Indian  rubber  is  that  given  by  Dr.  Priestley,  in  a  work 
evidently  got  up  with  great  care,  called,  "  A  Familiar  introduction  to  the  Theory  and 
Practice  of  Perspective,  by  Joseph  Priestley,  LL.D.,  London,  1770."  At  the  end  of 
the  preface  is  the  following  addition  : — 

"  Since  this  work  was  printed  oS,  I  have  seen  a  substance  excellently  adapted  to 
the  purpose  of  wiping  from  paper  the  marks  of  a  black-lead  pencil.    It  must,  there- 
■  fore,  be  of  singular  use  to  those  who  practice  drawing.    It  is  sold  by  Mr.  Nairne, 
Mathematical  Instrument  maker,  opposite  the  Royal  Exchange.    He  sells  a  cubical 
piece  of  about  half  an  inch,  for  three  shillings,  and  he  says  it  will  last  several  years." 

.  It  will  be  remarked,  that  no  name  for  the  substance  is  mentioned  ;  the  preface  is 
dedicated  "to  Sir  Joshua  Renolds,  Knt.,  F.R.S.,  Leeds,  March  20th,  1770  ;"  and  we 
may  fairly  conclude  that  the  substance  was  a  novelty  in  art  and  trade. 

It  seems  probable,  that  the  experiments  with  balloons,  and  the  application  of  air- 
tight varnishes,  especially  by  Messrs.  Charles  and  Robert,  called  more  general  atten- 
tion to  the  properties  of  Indian  rubber  in  Europe.  _  _ 

Mr.  Hancock  says,  "  This  substance  came  first  into  notice  about  the  begmnmg  of 
the  last  century,  moulded  into  the  shapes  of  bottles  and  animals.  It  was  sold  as  high 
as  a  guinea  the  ounce,  and  used  for  rubbing  out  pencil  marks ;  but  scarcely  anything 
was  known  of  its  history,  except  that  it  came  from  America."  Such  are  the  brief 
historical  notices  of  this  now  important  substance.  ,      „        ,  j 

The  juice  itself  has  been  of  late  years  imported.  It  is  of  a  pale  yellow  colour,  and 
has  the  consistence  of  cream.  It  becomes  covered  in  the  bottles  containing  it  with  a 
pellicle  of  concrete  caoutchouc.  Its  specific  gravity  is  1-012.  When  it  is  dried  it  loses  5o 
ner  cent,  of  its  weight;  the  residuary  45  is  elastic  gum.  When  the  juice  is  he.ited  it 
immediately  coagulates,  in  virtue  of  its  albumen,  and  the  elastic  gum  rises  to  the 
surface.  It  mixes  w  ith  water  in  any  proportion  ;  and,  when  thus  diluted,  it  coagulates 
with  heat  and  alcohol  as  before.  .  ,  , 

The  specific  gravity  of  caoutchouc  is  0-925,  and  it  is  not  permanently  increased  by 
any  degree  of  pressure.  By  cold  or  long  quiescence  it  becomes  hard  and  sf  j  When 
the  milky  juice  has  become  once  coherent,  no  means  hitherto  known  can  restore  it  to 
the  emulsive  state.  By  long  boiling  in  water  it  softens,  swells,  and  t'ec"'  « J"'^!^ 
readily  soluble  in  its  peculiar  menstrua ;  but  when  exposed  to  the  a.r  it  sP«e''  b 
its  pristine  consistence  and  volume.    It  is  quite  insoluble  in  alcohol;  but  in  etuei,  ai. 
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pnved  of  akobol  by  washing  with  water,  it  readily  dissolves,  and  aflFords  a  colourless 
solution.  ■\Vben  the  ether  is  evaporated,  the  caoutchouc  becomes  again  solid,  but  is 
somewhat  clammy  for  a  while.  When  treated  with  hot  naphtha,  distilled  from  native 
petroleum,  or  from  coal  tar,  it  swells  to  30  times  its  former  bulk;  and  if  then  triturated 
with  a  pestle,  and  pressed  through  a  sieve,  it  affords  a  homogeneous  varnish,  which 
bemg  applied  by  a  flat  edge  of  metal  or  wood  to  cloth,  prepares  it  for  forming  the 
patent  water-proof  cloth  of  Macintosh.  Two  surfaces  of  cloth,  to  which  several  coats 
of  the  above  varnish  have  been  applied,  are,  when  partially  dried,  brought  evenly  in 
contact,  and  then  passed  between  rollers,  in  order  to  condense  and  snioothe  them 
together  This  double  cloth  is  afterwards  suspended  iu  a  stove-room  to  dry,  and  to 
dispell  the  disagreeable  odour  of  the  naphtha. 

fhP^Zn?r'%''i,''°'^''  '°       ^^"^        •""'^^  °il>       tlie  varnish  has  not 

the  property  of  becoming  concrete  upon  exposure  to  air 

It  has  been  lately  asserted  that  caoutchouc  is  soluble  in  the  oils  of  lavender  and  sas- 
safras.   Ro-xburgh  found  it  perfectly  soluble  in  oil  of  cajenut  '^^'^^^er  ana  sas 

It  melts  at  248°  F.,  and  stands  afterwards  a  much  higher  heat  without  undergoin- 
any  further  change.    When  the  melted  caoutchouc  is  exposed  to  the  ah-  ™  becomel 

SeTn?:|r::rdeSS:m^^^^^^^      '  -'^t^  a^Sht 

0.;^!^''"""* ''f  •1°^',"''^'"'™'!.'  ''"''^  sas,  muriatic  acid  gas,  ammonia,  nor  fluosilicic 
n?i^tr^   '  fu     I  T""'"''  ^a^"'*^''^  flexible  tubes,  for  pneumatic  che- 

k  boT;mPwi  ^r^u  ^"'^      ''^^^y  decompose  it,  nor  does  nifric  add  unles 

It  derived  the  name  of  Indian-rubber     t7  h?.  k  ,  P'"™^^"  pencils,  whence 

making  elastic  bands  or  braces     ThJ'nnn  .  f         T^^"^''^  """y  extensively  for 

When  woven,  it  is  exposed  unon  a  tabl  ?o  ti^^  "V-''°^  '^^S^^^  "band. 

restoring  to  the  caoutchouc  al^i^s  p  ti  ive  elLS^^  T^r^"^  ^''^'^ 

in  length,  and  the  braiding  corrugates  IquSirnno^  .r^^^^^  f^^^ 

bands  possess  a  remarkable  !lasticit?rcombYne7^i?ranv^  caoutchouc  cores.  Such 

Sometimes  cloth  is  made  of  these  braiZl  strlr  /^  ^T^^  '^''^ree  of  softness. 

and  as  weft,  which  is  therefore  e  ^Sfn  all  dir.  .  ^«ed  both  as  warp 

quired,  the  strands  of  caouSc      ^  ^Sd  orT^^^^^^^^  '  'f^.' 

varp  yarns.    For  this  mixed  fabric  a  natent  LTi!.         ^    .^"ernated  with  common 

facturer  of  these  elastic  webs  is  a  maior  in  the  J •  ""^'^''^  '"^^'i- 

g'^eat  factory  for  them  at  St.  Denys,  near  Paris  service,  who  has  erected  a 

nation  ^J^^^S^:^^^^  TmII!^^^' ''r' 

Sift^iXot  rhSr^;  ~ -^^^^  ^^r^'t 

into  a  liquid  possessin^g  ve;y  remV/abrproie^ts^^^^^^^^^  '^'^  ^^^--^'e 

.^-^.^-  -.-"tion  "of  !  soTvSr;?tSw  '  T-^^^onc^ne 


uu»  my  speoincation),  with  a  worm  attached7^„  .^IT     ■       """^  Part  of 

ground  to  a  metallic  fit,  to  admit  of  a  £n  om^f;  t''?,'/ ^'^^  «  t'>e  cover 
«re^p.ace,  .  the  ash-pit,  .  the  -rm-tub^a.,drolTrth*;ti:ll!wS^^^^^^^^ 
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roller  and  carriage,  in  conjunction  -with  a  crane,  or  other  means,  to  raise  the  cover  to 
take  out  the  residue,  and  to  eliai  ge  the  same  ;  n  the  cluiin. 

"  I  then  apply  heat  to  tlie  still  in  the  usual  maiiny'r,  which  heat  is  increased  until  the 
thermometer  ranges  at  GOO  degrees  of  Fahrenheit,  or  tliereahouts.  And,  as  the  ther- 
mometer ranges  progressively  upwards  to  600  degrees  of  Fahrenheit,  a  dark-coloured 

oil  or  liquid  is  distilled  over, 
which  I  claim  as  my  said  in- 
vention, such  liquid  being  a  sol- 
vent of  caoutchouc,  and  other 
resinous  and  oleaginous  sub- 
stances. When  the  thermometer 
reaches  600  degrees,  or  there- 
abouts, nothing  is  left  in  the  still 
but  dirt  and  charcoal. 

"  I  have  found  the  operation 
of  distillation  to  be  facilitated  by 
the  addition  of  a  portion  of  this 
oil,  either  previous  or  subsequent 
to  rectification,  as  hereinafter 
mentioned,  in  the  proportion  of 
one-third  of  oil  to  two-thirds  of 
caoutchouc. 

"  I  afterwards  subject  the 
dark-coloured  liquid  thus  dis- 
tilled to  the  ordinary  process  of 
rectification,  and  thereby  obtain 
fluids  varying  in  specific  gravity, 
of  which  the  lightest  hitherto 
has  not  been  under  670,  taking 
distilled  water  at  1000,  which  fluids  I  also  claim  as  my  said  invention. 

"At  each  rectification  the  colour  of  the  liquid  becomes  more  bright  and  transparent, 
until  at  the  specific  gravity  of  0-680,  or  thereabouts,  it  is  colourless  and  highly  volatile. 

"  In  the  process  of  rectification  (for  the  purpose  of  obtaining  a  larger  product  of 
the  oil  colourless)  I  put  about  one-third  of  water  into  the  still.  In  each  and  every 
state  the  liquid  is  a  solvent  of  caoutchouc,  and  several  resinous  and  oleaginous  sub- 
stances, and  also  of  other  substances  (such  as  copal),  in  combination  with  very  strong 

alcohol.  .  .       ,     ,.  ^  T. 

"  Having  experienced  much  difiiculty  in  removmg  the  dirt  which  adheres  to  the 
bottom  of  the  still,  I  throw  into  the  still  lead  and  tin  in  a  state  of  alloy  (commonly 
called  solder),  to  the  deptli  of  about  half  an  inch,  and,  as  this  becomes  fused,  the  dirt 
which  lies  on  the  surface  of  it  is  more  easily  removed. 

"  Objections  have  been  made  to  the  smell  of  this  liquid  :  — I  have  found  such  snaell 
removed  by  mixing  and  shaking  up  the  liquid  with  nitro-muriatic  acid,  or  chlorine, 
in  the  proportion  of  a  quarter  of  a  pint  of  the  acid  (of  the  usual  commercial  strength) 

to  a  Rallon  of  the  liquid."  ,       , .       «  ,       ^    ^  v 

The  discovery  of  the  chemical  solvent,  which  forms  the  subject  of  the  patent  above 
described  has  excited  considerable  interest  in  the  philosophical  world,  not  only  from 
its  probable  usefulness  as  a  new  article  of  commerce,  but  also  from  two  very  extraor- 
dinarv  characteristics  which  it  is  found  to  possess,  viz.,  that,  in  a  liquid  state,  it  has 
less  soecific  cravity  than  any  other  liquid  then  known  to  chemists,  being  considerably 
lighter  than  sulphuric  ether,  and,  in  a  state  of  vapour,  is  heavier  than  the  most  pon- 
derous of  the  gases. 

Its  elementary  constituents  are, 

Carbon        -       -    6-812       -       -    8  proportions. 

Hydrogen     -       -    I'OOO  .    -       -    7  ditto. 

This  new  material  (when  mixed  with  alcohol)  solvent  of^ajMhc^rwins.^M^^ 
partic 


paints;  and,  without  in  the  slightest  degr  r     .  •    .    .i  , 

from  i  s  ready  evaporation,  cause  the  paint  to  dry  almost  instan  ly. 

Cocoa-nut  oil,  at  the  common  temperature  of  the  atmosphere,  alway 
crete  form;  but  a  porti-       this  eaontchoucine  mixed  with  it  will 
become  fluid,  and  to  re 
dinary  brilliancy 


s  assumes  a  con- 

but  a  portion  of  this  caoutchoucine  mixed  witli  it  will  ^nuse  the  oil  to 
itain  sufficient  fluidity  to  burn  m  a  common  lamp  with  cvtraor- 
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Caoutchoucine  is  extremely  volatile  ;  and  yet  its  vapour  is  so  exceedingly  heavy 
that  it  may  be  poured,  without  the  liquor,  from  one  vessel  into  another  like  water.' 
One  of  the  real  practical  objections  to  caoutchoucine  seemed  to  be  its  easy  decom- 
position. Messrs.  Enderby  and  Barnard  found  that,  if  exposed  to  air,  and  especially 
If  a  small  quantity  of  water  was  present,  that  it  very  speedily  decomposed,  changing 
colour  to  deep  brown  or  black.  Specimens,  however,  remain  perfectly  clear  and 
without  change,  in  bottles,  after  twenty  years. 

Hitherto  the  greater  part  of  the  caoutchouc  has  been  imported  into  Europe  from 
South  Anienca  and  the  best  from  Para;  but  of  late  years  a  considerable  quantity 
has  been  brought  from  Java,  Penang,  Singapore,  Assam,  and  Africa.    About  twelve 
years  ago,  Mr.  William  Griffith  published  an  interesting  report  upon  the  F^sehMica 
the  caoutchouc  tree  of  Assam,  which  he  drew  up  at  the  reques t  of  Cm■^n^  jlu^'ns 
agent  in  that  country  to  the  Governor-General  of  India.  ^  This  able  s  eS 

of  fig-tree  is  either  solitary,  or  in  twofold  or  threefold  groups.    It  is  lame  and 
more  umbrageous  than  any  of  the  other  trees  in  the  extensive  forest  where  it  abounds 
and  may  be  distinguished  from  the  other  trees  at  a  distance  of  Severn  ,^,t  jv 

nink  of  ""ofr'  "PP^"''r,f  '"'g-^.        lofty  crown.     The  main 

runk  of  01  e  was  careful  y  measured,  and  was  found  to  have  a  circumference  of  no 
less  than  / 4  feet;  while  the  girth  of  the  main  trunk  along  with  the     pports  imme 
diately  round  it,  was  120  feet.    The  area  covered  by  the  exnanded  b  ^n.bll 
circumference  of  610  feet    The  height  of  the  centraf  tree  was  lOO  ftet        "  ' 
It  has  been  estimated,  after  an  accurate  survey,  that  there  hvp      o'^n  c„„i 

rSe^Scj      tiii" °' » 

-s   10  and  27°  20'  of  north  latitude,  and  between  90°  40'  and  95°  sn'  nf  «     iT  • 

s^trJ:-:;^»^--5tiCi^ 
^tir£i:;r"~-^-S"r^^ 

tropical  regions  of  America,  as  well  Is  If"  grateful  shade,  however,  in  the 

beef  ?r^eqt^t;  t^^'Z^'^s^  "^^"1  ^r^'  °^  ^'^^  ^''•^'-e  has 
an  inferior  kind  of  caoutchouc  has  been  obtained  ^'  ^"^         of  these 

making  incisions  a  foot  apart  across  the  bn  k  Hn-^  ,  V  extracted  by 

and  also  the  large  branchL  up  ribetrX  ofX^^^^^^  Z"''  ^'-k, 
increasing  with  the  height  of  the  incision     Th  •    '  '^^^  quantity  which  exudes 

every  fortnight.    The  fluid,  as  fr  sh  diTwn  Ts  ne^  v  offb"''' '"'^P'^"*'^'! 
pure  white.    Somewhat  mo;e  than  half  ^Zamlfuo  L  ( •  of  cream,  and 

produce  of  each  bleeding  of  one  tree    orT)  onn  t     ^-If  ''^^'^/^^d  to  be  the  average 
of  juice  ,  which  is  composed  in   0  p;rts  of  frZ  4  to  J  "'«"°ds 
from  6  to  4  parts  of  caoutchouc.    The  w'eedin^Thou  ?1  h^^  T^'' 
^0  .  not  to  interfere  with  or  obstruct  ^ i^^S^ 

into'lL^Jo^od'^fTh^^  transverse  incisions  made 

U  proceeds  from  the  baA  alone     Ben^at  L  ineff  in  ^"'"'^  ^''T  ^"-^  "^'^t 

scoop  out  a  hole  in  the  earth,  in  whLh  thev  ofmeisions  the  natives  of  Assam 

(Linn.),  rudely  folded  up  into  the  shape  of  a  cun  %  ^  ^ '"^^'"'""^ 
species  of  Tetranthera,  upon  which  the  />L°L  "^serves  that  the  various 

plant,  which  is  the  chief  food  of  tl^^e  Eria  smfwo,      7™  ^"'J''  '^"^  <='''stor  oil 

juice.  Hence  it  would  appear  hat'£'LileWion°o7'  '^Tf  "  "'"^^  caoutchouc 
sary  ingredient  in  the  fbod  of  silkworms  aKein^''^^  ^  "^'^es- 

tenac.ty  to  their  silk,"  seems  to  be  unfounded  Bo,  '"'",«.^^='3'  employed  in  giving 
Chemistry  would  seem  to  scout  it  alto^r  for  s^^ll  °ln?'  ^'f  ""-^tenanees  thil  idea! 
and  caoutchouc  contains  none  at  all,  beinl  ^imnlv  \nr^"!°'i    ^^'^  P"'"'^"^"  "'^  ^^"'^ 

ncan  caoutchouc  is  said  to  he  furnished   v        VT'''  °f  C'i""tchouc.    The  Ame- 
Br.Koylescnt.odelsofcy,indersofl,^to2r^c£i 
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in  length,  to  both  the  Asiatic  and  Agricultural  Societies  of  Bengal,  to  serve  as  patterns 
for  the  natives  to  mould  their  caoutchouc  by.  M^.  Griflith  says  that  this  plan  of 
forming  the  caoutchouc  into  tumblers  or  bottles,  as  recommended  by  the  committee 
of  the  London  Joint-Stock  Caoutchouc  Company,  is,  in  his  opinion,  the  worst  that  can 
possibly  be  offered ;  being  tedious,  laborious,  causing  the  caoutchouc  to  be  blackened 
in  the  drying,  and  not  obviating  the  viscidity  of  the  juice  when  it  is  exposed  to  the 
sun.  He  recommends,  as  a  far  better  mode  of  treating  the  juice,  to  work  it  up  witli 
the  hands,  to  blanch  it  in  water,  and  then  subject  it  to  pressure.  Better  methoils 
have  recently  occurred  while  experimenting  upon  the  caoutchouc  juice.  This  fluid, 
with  certain  precautions,  chiefly  exclusion  from  air  and  much  warmth,  may  be  kept 
in  the  state  of  a  creamy  emulsion  for  a  very  long  time.  Mr.  Hancock  states,  some 
barrels  treated  with  ammonia  arrived  in  England  in  the  fluid  state. 

However  plausible  these  observations  may  appear,  the  practical  men  wanted  sheet 
rubber  to  cut  into  threads,  &c.,  and  Mr.  Hancock  states  he  had  a  cylinder  made  of 
masticated  rubber,  of  a  convenient  size,  and  sent  it  to  Para  as  a  pattern  for  the  natives, 
and  great  numbers  of  cylinders  were  soon  after  in  the  market,  well  made,  of  the 
quality  desired,  and  called  tubes.    Such  cyiiifders  are  still  imported  (1857). 

Great  interest  was  taken  by  Mr.  Hancock  to  introduce  the  native  juice  into  this 
country;  and,  after  great  expense,  he  had  the  disappointment  of  finding  the  barrel's 
contained  coagulated  Indian-rubber  and  watery  fluid.  Some  samples,  by  peculiar 
treatment,  escaped;  whatever  might  have  been  expected  there  seemed  but  little 
confidence  in  these  plans,  and  valuable  as  the  native  juice  might  be  at  one  time,  yet 
by  solvents  and  by  working  the  rubber  with  machine)  y,  it  is  far  more  profitable  to 
employ  this  state,  than  to  import  a  large  quantity  of  watery  fluid,  with  all  the 
expenses  of  casks  and  cooperage,  while  the  solid  article  is  excellently  adapted  to  take 
care  of  itself. 

Sharp  and  clean  casts  were  taken  with  this  liquid,  and  as  it  is  susceptible  of  being 
tinted  with  delicate  colours,  it  might  be  used  for  beautiful  ornamental  purposes;  when 
the  solid  rubber  separates,  it  is  white,  but  in  small  pieces  or  thin  sheets,  it  is  semi- 
transparent. 

According  to  Dr.  Faraday,  the  pure  caoutchouc,  obtained  from  the  sap,  had  a 
specific  gravity  of  0-925,  and  no  reduplication  of  it  in  a  Bramah's  press  was  found  to 
effect  permanent  alteration. 

EXPEBIMENTAI,  ReSEABCHES  ON  CAOUTCHOUC. 

The  specific  gravity  of  the  best  compact  Pqga  caoutchouc, 

taken  in  dilute  alcohol,  is  ...        -  0-941567 

The  specific  gravity  of  the  best  Assam  is       ...  0-942972 

,,  Sincapore      -         -         -  0-936650 

I  „  Penang        -        -        -  0-919178 

Having  been  faroured  by  Mr.  Sievier,  formerly  managing  director  of  the  Joint- Stock 
Caoutchouc  Company,  and  by  Mr.  Beale,  engineer,  with  two  different  samples  of 
caoutchouc  juice.  Dr.  XJre  subjected  each  to  chemical  exammation. 

"  That  of  Mr.  Sievier  is  greyish  brown,  that  of  Mr.  Beale  is  of  a  milky  grey  colour  ; 
the  deviation  from  whiteness  in  each  case  being  due  to  the  presence  of  aloetic  matter, 
which  accompanies  the  caoutchouc  in  the  secretion  by  the  tree.  The  former  juice  is 
of  the  consistence  of  thin  cream,  has  a  specific  gravity  of  1-04125,  and  yields,  by 
exposure  upon  a  porcelain  capsule,  in  a  thin  layer,  for  a  few  days,  or  by  Coding  for  a 
few  minutes  with  a  little  water,  20  per  cent,  of  solid  caoutchouc.  The  lat  er  thoug 
it  has  the  consistence  of  pretty  rich  cream,  has  a  specific  gravity  of  only  1  -01  <  5.  It 
Yields  no  less  than  37  per  cent,  of  white,  solid,  and  very  clastic  caoutchouc 

"  It  is  interesting  to  observe  how  readily  and  compactly  the  separate  Mtle  c  ots  or 
threads  of  caoutchouc  coalesce  into  one  spongy  mass  in  the  progress  of  the  ebullition 
particularly  if  the  emulsive  mixture  be  stirred;  but  the  addition  of  water  is  necessary 
KevenVthe  coagulated  caoutchouc  from  sticking  to  the  sides  or  bottom  of  the  vessel 
and  becom  ng  bui'nt.  In  order  to  convert  the  spongy  mass  thus  formed  into  good 
caoutchouc  n^othing  more  is  requisite  than  to  expose  it  to  moderate  pressure  between 
?he  folds  of  a  towd.  By  this  process  the  whole  of  the  aloetic  extract  and  other 
vefictable  matters,  which  concrete  into  the  substance  of  the  ba  Is  and  junks  of  caout- 
Ihonc  prepared  in  Assam  and  Java,  and  contaminate  it,  are  entirely  separated,  and  .nn 
ar  icTe  ^ear  y  \vbite  and  inodorous  is  obtained.  Some  of  the  cakes  of  Amei  .caa 
caoutchouc  when  cut  exhale  the  foetor  of  rotten  cheese;  a  smell  which  adheres  to  the 
threads  made  of  it  after  every  process  of  purification. 

«  In  the  interior  of  many  of  the  balls  which  come  from  both  the  Jr^zi  ^  ana  ^a 
Indies,  spots  are  frequently  found  of  a  viscid  tarry-looking  '"^j  ;  ^f^^^^ 

posed  to  the  air,  act  in  some  manner  as  a  fei  ment,  and  decompose  the  whole  mass  mto 
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a  soft  substance,  -which  is  good  for  nothing.  Were  the  plan  of  boiling  the  fresh  juice 
along  with  its  own  bulk  of  water,  or  a  little  more,  adopted,  a  much  purer  article  w  ould 
be  obtained,  and  with  incomparably  less  trouble  .and  delay,  than  has  been  hitherto 
brought  into  the  market. 

"  1  find  that  neither  of  the  above  two  samples  of  caoutchouc  juice  affords  any  appear- 
ance of  coagulum  when  mixed  in  any  proportions  with  alcohol  of  0-825  specific 
gravity;  and,  therefore,  I  infer  that  albumen  is  not  a  necessary  constituent  of  the 
juice,  as  Dr.  Faraday  inferred  fi-om  his  experiments  published  in  the  21st  vol.  of  the 
Journal  of  the  Royal  Institution. 

•  r  '^^^  °^        S'S'^'sr's  sample  is  slightly  acescent,  that  of  Mr.  Beale's,  which 

js  by  tar  the  richer  and  purer,  has  no  disagreeable  smell  whatever.  The  taste  of  the 
latter  is  at  first  bland  and  very  slight,  but  eventually  very  bitter,  from  the  aloetio 
impression  upon  the  tongue.  The  taste  of  the  former  is  bitter  from  the  first,  in  con- 
sequence of  the  great  excess  of  aloes  which  it  contains.  When  the  brown  solution, 
which  remains  ,n  the  capsule  after  the  caoutchouc  has  been  separated  in  a  spongy 
state  by  ebullition  from  100  grams  of  the  richer  juice,  is  passed  through  a  filter  and 
evaporated,  it  leaves  4  grains  of  concrete  aloes. 

^^''^^  emulsive  juices  mix  readily  with  water,  alcohol,  and  pyroxylic  spirit 

iSl  ^rr'  ^'  '  '^'^  ^"""""^         ^i"^  ciitchLine\ihe 

distilled  spirit  of  caoutchouc),  or  with  petroleum-naphtha,  but  remain  at  the  bottom  of 
these  liquids  as  distinct  as  mercury  does  from  water.  Soda  caustic  lye  does  not 
tT^X  V".'"'.?  "^Jf-'^/.^d  (double  aquafortis)  converts  it  into  ared  curdy  magma 

3  h      1  ,     r  "      -'^  ^^^'^"^'^  °f  Wta  and  silver;  it  affords 

with  oxalate  of  ammonia  minute  traces  of  lime." 

The  best  solvent  is  a  mixture  of  100  parts  of  sulphuret  of  carbon  with  from  6  to  8 

^ht  I  /f^*^™"^-  f "      ""^'"^"^  ^"1^  ^  little  water  a  d^u^h  is 

obtained,  from  which  the  caoutchouc  may  be  drawn  out  into  threads  and  spun  By 

of  N^w  Y^k'!'"''"'  of  caoutchouc,  a  valuable  invention.is  due  to  Mr.  Charles  Goodyear 

I.  Caoutchouc  Manufactures-, 

But  before  entering  upon  these  special  divisions  we  may  advert  to  some  nf  tT,«  cfon. 
that  have  created  this  new  employment  for  capital,  commercrand  .kTlf     ii  ^ 
Mr.  Hancock  conceives  it  but  just  to  the  memory  ^fTe^te  ^^'^1^1?*^ 
the  circumstances  which  led  to  his  invention  of  the  "  wl^ri^^T^         '  '^^''"^^ 
that  have  been  so  long  celebrated  through  the  1  M  by  ^e  ^ire^^^^^ 

It  will  be  recollected  that  on  the  introductio^of  coaf  gas  the  Hiffl. 
great  to  purify  it  from  matters  that  gave  a  most  d  sagifeab le  oSot  to '^^^  "''I 
gas  apparatus  ;  the  nuisance  of  these  products  led  to  im,i  v1^^         "  ^""^ 
intosh,  then  employed  in  the  nianuf^cre  of  cndLTr,  7n  rsrs"^^^^^^^^ 
ments  with  the  Glasgow  Gas  Works  tn  vpppI^o  f\l  \         \    entered  into  arrange- ■ 
After  the  separation  If  waTe"  a^m^^a Vnd'^^U  h-^^^^^^^^ 

was  produced,  and  it  occurred  to  him  that  it  mi-ht  brmX  '  ^  t^'^ed  naphtha 
Indian-rubber,  and  by  the  quality  and  m,L^l\'.l^f  f-^^""       ^  ^°'^ent  for 

soften  and  dissolve  the^  Indian-ruSer    aKS^^^^  "'^P'^'^^'  could 

tures  of  due  consistency,  Mr.  Macintosh  in  isof  If -^^^^^  *°  mix- 
processes,  and  establishe^d  a  mafufa  try  o  "aS  gASow'^'T*  ^T^'P^^^^ 
partners,  entered  upon  the  extended  scale  of  business  IrS.wr'"'"'"^'  ""''^ 
known  as  the  firm  of  Charles  Macintosh  and  Co  Manchester,  now  so  well 

sorTSgSLlrmJ^m^wShtS^^^^^^  *°  '"'^  '^"^  ^^rm  a 

the  bulk  so  as  to  get  completTsolmiorXn  7^^^^^^^^^^  -tion  to  break 

thirty  times  to  form  a  mass:  it  may  be  imaeined  thS  ^creased  twenty  or 

^as  occupied,  and  manual  labour  tcfbreak  uTthe  sSt  cnV^^^^^         ^"'"''''^  "^"'^^  time 
labour,  sieves,  the  painter's  slab  ^nd  mulL  ^and  oth*    ^^m^^^^^  ' 

Macintosh,  Hancock,  and  Goodyear  a  i^e  record  the  s  Z  T"'  """'"^''^ 

employed,  and  the  impression  produced  at  the  last  wLn^^^    manipulations  they  first 
efforts  with  the  gigantic  machiLry  to  effect  th  ~^^^        '""^^'^  '''''' 

Mr.  T.  Hancock's  first  patent  was  in  April  1890    'f  ^!  • 
application  of  a  certain  material  to  various  micle;  of  IZT TK''^''^'''^ 
the  same  may  be  rendered  elastic."    Thus  to  S  of  Ho      f  ''^'^'^'e^'  that 

heir  being  picked,  to  waistcoats,  riding!bdts  Toots  ^Jd  ,?'  '°  *°  P'-^^^'^t 

lacing,  the  public  had  their  attention  directed   To  rt  fl,  "^'^'^""t  tying  and 

solution,  and  remedy  defects  of  these   miff  artick    and  tf'  '"P?''"^  to  facilitate 
practice  and  failures.  Mr.  Hancock  gave  .nstaittV^Vp^uS  t 
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united  with  the  firm  of  C.  Macintosh  and  Co.,  he  lias  been  constantly  before  the  world 
and  pi'odiiced  one  ol'  tlie  most  important  manufactures  known. 

To  gel  two  clean  pieces  to  unite  together  at  their  recently  cut  surfaces,  to  obtain 
facile  adhesion  by  the  use  of  hot  water,  to  cut  the  Indian  rubber  by  the  use  of  a  wet 
blade,  to  collect  the  refuse  pieces,  to  make  them  up  into  blocks,  and  then  cut  the 
blocks  into  slices,  were  stages  of  the  trade  which  required  patience,  years  of  time,  and 
machinery  to  ell'ect  with  satisfaction  to  the  manufacturer. 

To  operate  upon  the  impure  rubber  was  a  matter  of  absolute  necessity  for  economic 
reasons:  the  bottles  made  by  the  natives  were  the  purest  form,  but  larger  quantities  of 
rubber  could  be  cheaply  obtained,  full  of  dirt,  stones,  wood,  leaves  and  earth.  To 
facilitate  the  labour  of  cutting  or  dividing,  Mr.  Hancock  resorted  to  a  tearing  action, 
and  constructed  a  simple  machine  for  the  purpose.    (See  Jiy.  399.)    A  shows  the  en- 
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trance  for  pieces  of  rubber  ;  b,  interior  of  fixed  cylinder,  with  teeth  ;  c,  cylinder  to 
revolve,  with  teeth  or  knives  ;  d,  the  resulting  ball  of  rubber. 

This  machine  had  the  effect  of  tearing  the  Indian-rubber  into  shreds  and  small 
fragments  by  the  revolution  of  a  toothed  roller;  the  caoutchouc  yielded,  became  hot, 
and  ultimately  a  pasty  mass  or  ball  resulted  ;  when  cooled  and  cut  it  appeared  homo- 
geneous. Waste  cuttings  put,  in  the  first  instance,  on  the  roller,  were  dragged  in,  and 
there  was  evidence  of  action  of  some  kind  taking  place;  the  machine  was  stopped,  the 
pieces  were  found  cohering  together  into  a  mass,  this  being  cut  showed  a  mottled 
grain,  but  being  replaced  and  subjected  to  the  revolving  teeth  of  the  rollers,  it  became 
very  hot;  and  was  found  to  be  uniformly  smooth  in  texture  when  cooled  and  cut 
open.  „ 

The  first  charge  was  about  2  ounces  of  rubber,  and  required  about  the  power  ot 
a  man  to  work  it.  The  next  machine  soon  formed  a  soft  solid,  with  speed  and  power, 
from  allkinds  of  scraps  of  Indian-rubber,  cuttings  of  bottles,  lumps,  shoes,  &c.,  a  charge 
of  one  pound  gave  a  smooth  uniform  cylindrical  lump  of  about  7  inches  in  length 
and  1  inch  in  diameter.  This  process,  including  the  use  of  heated  iron  rollers,  was  long 
kept  secret;  it  is  known  as  the  masticating  process  now,  and  the  machines  are  ca  led 
"  Masticators."  In  the  works  at  Manchester  the  charges  now  are  ISOlbs.  to  200lbs. 
of  Indian-rubber  each,  and  they  produce  single  blocks  6  feet  long,  12  or  13  inches 
wide  and  7  inches  thick,  by  steam-power.  The  Mammoth  machine  ot  Mr.  Cliauttee, 
in  the  United  States,  weighs  about  30  tons,  and  appears  to  have  been  invented  about 
1837,  and  is  a  valuable  machine,  differing  in  construction  from  Hancock  s  masticators, 
but  answers  well  in  many  respects  ;  it  may  be  considered  as  the  foundation  ot  the 

^^1^1820  t'hf  blocks  were  cut  into  forms  of  square  pieces  sold  by  the  stationers  to 
rub  out  pencil  marks,  and  then  thin  sheets  for  a  variety  of  purposes.  A.  cubical  b  ock 
c  t  by  a  keen  sharp  blade  constantly  wet,  gave  a  sheet  of  Indian-rubber,  the  block 
raised  by  screws  and  the  knife  guided,  enabled  sheets  of  any  thickness  to  be  cut, 
som^ii^L  so  even  and  thin,  as  to  be  semi-transparent ;  when  -arm  the  Jeets  co^^^^ 
be  ioined  edge  to  edge,  and  thus  large  sheets  be  produced :  from  these  blocks,  i oilers 
o  ohd  rubier  could  he  made,  cylinders  were  covered  for  --^^'^-^ll^^ZsT^ 
had  evenly  cut  pieces  adjusted,  tubes  and  vessels  for  chennca  use  were  employed,  and 
constantly  increasing  trials  were  made  of  the  masticated  rubber. 

These  remarks  upon  the  early  and  successful  manufacturers  will  ^ff  "^^^"f^!^^^^^^^^ 
outline  of  improvements  to  be  followed:  it  can  readily  be  imagined  that  «htii  capital 


CAOUTCHOUC.  583 

and  interest  combine  with  the  changing  requirements  of  the  public,  that  it  -would 
demand  more  space  than  a  volume  would  afford  to  give  the  insights  into  trade  appli- 
cations, still  guarded  with  secret  means  to  produce  success.  But  the  foregoing 
remarks  may  lead  to  the  appreciation  of  many  of  the  following  arrangements. 

The  department  of  operative  industry  which  embraces  caoutchouc  manufactures 
has,  within  a  few  years,  acquired  an  importance  equal  to  that  of  some  of  the  older 
arts,  and  promises,  ere  long,  to  rival  even  the  ancient  textile  fabrics  in  the  variety  of 
its  designs  and  applications.  The  manufacture  of  caoutchouc  has,  at  present,  these 
principal  branches:  —  1.  The  condensation  of  the  crude  lumps  or  shreds  of  caout- 
chouc, as  imported  from  South  America,  India,  &c.,  into  compact  homogeneous 
blocks,  and  the  cutting  of  these  blocks  into  cakes  or  sheets  for  the  stationer,  surgeon, 
shoemaker,  &c.  2.  The  filature  of  either  the  Indian-rubber  bottles,  or  the  artificial 
sheet  caoutchouc,  into  tapes  and  threads  of  any  requisite  length  and  fineness,  which, 
bemg  clothed  with  silk,  cotton,  linen,  or  woollen  yarns,  form  the  basis  of  elastic 
tissues  of  every  kind.  3.  The  conversion  of  the  refuse  cuttings  and  coarser  qualities 
of  caoutchouc  mto  a  viscid  varnish,  which,  being  applied  between  two  surfaces  of 
cloth,  constitutes  the  well-known  double  ftibrics,  impervious  to  water  and  air-  and  by 
special  applications  to  one  surface,  to  constitute  the  single  texture  fabrics  '  4  The 
vulcanisation  of  Indian-rubber.  5.  The  mechanical  applications  resulting  from  the 
changed  Indian-rubber.  6.  The  solarisation  of  caoutchouc.  7.  Trade  applications 
ot  caoutchouc. 

The  caoutchouc,  as  imported  in  skinny  shreds,  fibrous  balls,  twisted  concretions, 
cheese-like  cakes,  and  irregular  masses,  is,  more  or  less,  impure,  and  sometimes 
fraudulently  interstratified  with  earthy  matter.  It  is  cleansed  by  being  cut  into  small 
pieces,  and  washed  in  warm  water.  It  is  now  dried  on  ii'on  trays,  heated  with  steam, 
while  being  carefully  stirred  about  to  separate  any  remaining  dirt,  and  is  then  passed 
through,  between  a  pair  of  iron  rolls,  under  a  stream  of  water,  wherebv  it  kts  a 
EphT   r^f'  ""'^T?^ •'■^'^^  f  equalised  by  the  separate  pieces  being 

blended  together.    The  shreds  and  cuttings  thus  laminated,  if  still  fou   or  hetero- 

fnoh  rnrfn  Z"""''  Y"^  '"^f  ^  '""'^  5  ""^'^  ^'"^  onc-sixteenth  of  an 

inch  apart,  and  passed  several  times  through  between  them.  The  above  method  of 
preparation  IS  that  practised  by  Messrs.  Keene  and  Co.,  of  Lambeth,  now  Thomas 
Wheeler  and  Co.,  of  Leicester,  in  their  excellent  manufac torv  under  i  mtZt  t.Tt^A 
m  October,  1836,  to  Mr.  Christopher  Nickels,  a  partner  in  the  firm     ^  ^ 

f^-T  ^^'^i^'i^^^^^-^t  of  tlie  Joint-Stock  Caoutchouc  Company,  now  the  pro 

caoutchouc  into  homogeneous  elastic  ball,  is  a  cylinS  box  or  dn^  of  '  °<f 

or  9  mches  in  diameter,  set  on  its  side,  aM  traversed  in  the  Lp  „f^i  ^ 
(also  8  or  9  inches  long)  by  a  shaft  of  wrought  i  o"  fu^ished  wit^  3  Tow?  f 
jecting  bars,  or  kneading  arms,  placed  at  angles  of  120  deg.  o  each  otife^^^ 
by  rotation  against  5  chisel-shaped  teeth  which  stnn/  .rKi-^    i  / 
part  of  the  bottom  of  the  drum    The  dram  S/consiSnf  9^         T  1^'^ 
nnder  one  of  which  is  made  fast  to  a  strong  i^n  framin  J^  and  tl    '''^'-''y^]^^^'^  •  the 
the  under  one  behind,  but  bolted  to  it  before  so  as  t^S  A     upper  one  is  hinged  to 
opened  or  laid  back  at  pleasure,  in  order  to  examine  the  cno,?^''  ^^'^^^^^^^^ 
and  take  it  out  when  fully  kneaded.    In  L  ce™of  the 

which  the  cuttings  and  shreds  of  th/Tn];»l     i,!  •      ^  made  fast,  by 

water  is  made  toTriSefn  ttashing  rav^^^^^^^^       introduced,  and  a  stream  of 

The  power  required  to  turn  the  aS  of  on!  of  thesl^iu  ^'^'^^^'^ 
called,  may  be  judged  of  from  the  fact  that  if  it  1         '  f  •  ^"""^^  are 

readily  twLed  asu^nder,  andTequL?S'b  3  ilhes  toS  t  '""f"' 
by  the  fixed  teeth  holding  the  caoutchouc  asain.t  fh^         ''^'^  ^^^'^  strain  produced 
constitute  a  charge  of  the  maSl    Mj'f  "a^l  L  IZ     J  T''  P"""^ 
7  to  14  lbs.  ^^'y  ^  S'^e,  and  charges  range  from 

One  of  the  most  remarkable  phenomena  of  tha  h^^^^A' 
heat  disengaged  in  the  alternate  coXsation  L.l  ^"^ 

Though  the  water  be  cold  as  h  tvSrin  TJ^^^^  caoutchouc, 

copious  vapours.    When  no  water  s  id,n^?ted    he  temne^f       "'^  ^'^'^  ^"^its- 
that  the  elastic  lump,  though  a  bad  coniucSr  of  helrSri'Tf  r"^'  'I'S^^"' 

the  hand    As  we  shall  presently  find  that  eaoutcCuc  s^HW  '"""'^^''^  ^^tb 
n^nen.  diminution  of  its  volum^e  by  the  if:'7^::':ir^^^^^^ 
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must  ascribe  tlie  heat  evolved  in  the  kneading  process  to  the  violent  intestine  move- 
ments excited  tlu-oughout  all  the  particles  of  the  elij^tic  mass. 

During  the  steaming  much  muddy  water  runs  ott  through  apertures  in  the  bottom 
of  the  drum.  In  the  course  of  half  an  hour's  trituration  the  various  pieces  become 
agglutinated  into  a  soft,  elastic,  ovoid  ball,  of  a  reddish  brown  colour.  This  ball  is 
now  transtbrred  into  another  similar  iron  drum,  where  it  is  exposed  to  the  pricking  and 
kneading  action  of  3  sets  of  chisel  points,  5  in  each  set,  that  project  from  the  revolving 
shaft  at  angles  of  120  deg.  to  each  other,  and  which  encounter  the  resistance  occasioned 
by  five  stationary  chisel  teeth,  standing  obliquely  upwards  from  the  bottom  of  the 
drum.  Here  the  caoutchouc  is  kneaded  dry  along  with  a  little  quicklime.  It  soon 
gets  very  liot;  discharges  in  steam  through  the  punctures,  the  water  and  air  which  it 
had  imbibed  in  the  preceding  washing  operation ;  becomes  in  consequence  more  com- 
pact ;  and  in  about  an  hour  asstmies  the  dark  brown  colour  of  stationers'  rubber. 
During  all  this  time  frequent  explosions  take  place,  from  the  expansion  and  sudden 
extrication  of  the  imprisoned' air  and  steam. 

Instead  of  close  boxes  and  tearing  teeth  or  knives,  rollers  of  iron  are  now  employed 
(18,')8),  their  forms  are  corrugated,  cut  or  indented,  the  pieces  of  Indian-rubber  are 
thrown  between,  and  by  heat  and  pressure  are  cleansed  and  incorporated ;  streams  of 
■water,  warm  or  cold,  regulate  these  operations  at  will,  of  course  with  large  rollers  of 
metal  exposed  to  air  and  streams  of  water  ;  the  temperature  is  now  found  to  be  kept  so 
low  that  the  previous  statement  may  appear  exaggerated  to  those  who  now  work  with 
more  power  but  with  less  velocity.  Mr.  Hancock,  however,  says,  "  the  heat  it  acquires 
is  very  surprising;  I  have  since  found  in  cutting  a  heavy  charge  open,  and  closing  it 
upon  the  bulb  of  a  thermometer,  that  the  temperature  reached  280°  ; "  this  heat  was 
only  due  to  motion  of  the  machine  and  friction  upon  the  rubber,  as  the  materials  and 
the  machine  were  cold  at  the  outset  of  the  experiment  tried  with  one  of  the  early 
machines. 

From  the  second  set  of  drums  the  ball  is  transferred  into  a' third  set,  whose  revolv- 
ing shaft  being  furnished  both  with  flat  pressing  bars,  and  parallel  sharp  chisels,  per- 
pendicular to  it,  exercises  the  twofold  operation  of  pricking  and  kneading  the  mass* 
so  as  to  condense  the  caoutchouc  into  a  homogeneous  solid.  Seven  of  these  finished 
balls,  wein-hing,  as  above  stated,  5  pounds  each,  are  then  introduced  into  a  much  larger 
iron  drum  of  similar  construction,  but  of  much  greater  strength,  whose  shaft  is  studded 
all  round  with  a  formidable  array  of  blunt  chisels.  Here  the  separate  balls  become 
perfectly  incorporated  into  one  mass,  free  from  honeycomb  cells  or  pores,  and  there- 
fore fit  for  being  squeezed  into  a  rectangular  or  cylindrical  form  in  a  suitable  cast-iron 
mould,  by  the  action  of  a  screw-press.  When  condensed  to  the  utmost  in  this  box, 
the  lid  is  secured  in  its  place  by  screw  bolts,  and  the  mould  is  set  aside  for  several 
days.  It  is  a  curious  fact,  that  Mr.  Sievier  tried  to  use  this  as  a  moulding  force,  by  the- 
hydTa,ulic  press,  without  effect,  as  the  cake  of  caoutchouc,  after  being  so  condensed, 
resiles  much  more  considerably  than  after  the  compressing  action  of  the  screw.  The 
cake  form  generally  preferred  for  the  recomposed,  ground,  or  milled  caoutchouc,  is  a 
rectangular  mass,  about  18' inches  long,  9  inches  broad,  and  5  inches  thick. 

This  is  sliced  into  cakes  for  the  stationer,  and  into  sheets  for  makmg  tapes  and 
threads  of  caoutchouc,  by  an  ingenious  self-acting  machine,  in  which  a  straight  steel 
blade  with  its  edge  slanting  downwards,  is  made  to  vibrate  most  rapidly  to  and  fro  in 
a  horizontal  plane  ;  while  the  cake  of  caoutchouc  clamped  or  embraced  at  each  side 
between  two  strong  iron  bars,  is  slowly  advanced  against  the  blade  by  screw-work, 
like  that  of  the  slide-rest  of  a  lathe.  In  cutting  caoutchouc  by  knives  of  every  form, 
it  is  essential  that  either  the  blade  or  the  incision  be  constantly  moistened  with  water; 
for  otherwise  the  tool  would  immediately  stick  fast.  As  the  above  straight  vibrating 
knife  slants  obliquely  downwards,  the  sheet  which  it  cuts  off  spontaneously  turns  up 
over  the  blade  in  proportion  as  it  is  detached  from  the  bottom  mass  of  the  cake.  The 
Sershces  are  afterwards  cut  by  hand,  with  a  wetted  knife,  into  small  parallel - 
opipeds  for  the  stationer,  the  sections  being  guided  rectangularly  by  saw  lines  in  a 
wooden  frame.  Slices  may  be  cut  off  to  almost  any  desired  degree  of  thmness,  by 
Teans  of  an  adjusting  screw-a  mechanism  that  acts  against  a  board  which  supports 
Te  bottom  of  the  cake,  and  raises  it  by  any  aliquot  part  of  an  inch,  the  cuttmg  blade 
.etnn-  caused  to  vibrate  always  in  the  same  horizontal  plane.  These  thm  ^l;ces  con- 
sul ute  what  is  called  sheet  caoutchouc,  and  they  serve  tolerably  for  making  tubes  for 
nneum^ic  apparatus,  and  sheaths  of  every  kind;  since,  if  their  two  edges  be  cut 
pneumatic  apparatus  coalesce,  by  gentle  pressure,  so  m- 

SXl^S  the're  of  j^^^  be  discovered  either  by  the  eye,  or  by  inflation 

a  homogeneous  clastic  cake,  specified  by  Mr  Nickels,  for  h.s  P„f "  ' .  f^lf^^^^^^^ 
1836,  is  not  essentinlly  different  from  that  above  described.  The  cylinders  ot  nis 
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are  more  capacious,  are  open' at  the  sides  like  a  cage,  and  do  not  require  tlie  washing 
apparatus,  as  the  caoutchouc  has  been  cleansed  by  previous  lamination  and  rinsing. 
He  completes  the  kneading  operation,  in  this  open  cylinder,  within  the  space  of  about 
two  hours,  and  afterwards  squeezes  the  large  ball  so  formed  into  the  cheese  form,  in- a 
mould  subjected  to  the  action  of  an  hydraulic  press.  As  he  succeeds  perfectly  in 
making  compact  cakes  in  this  way,  his  caoutchouc  must  differ  somewhat  in  its  physical 
constitution  from  that  recomposed  by  Mr.  Sievier's  process.  He  uses  a  press  of  the 
power  of  70  tons  ;  such  pressure,  however,  must  not  be  applied  suddenly,  but  pro- 
gressively, at  intervals  of  two  or  three  minutes  between  each  stroke  ;  and  when  the 
pressing  is  complete,  he  suffers  the  caoutchouc  to  remain  under  pressure  till  it  is  cold, 
when  he  thrusts  it  out  of  the  mould  entirely,  or,  placing  his  mould  in  the  slide-rest 
mechanism,  he  gradually  raises  the  caoutchouc  out  of  it,  while  the  vibrating  knife  cuts 
It  into  slices  jn  the  manner  already  described.  The  elegant  machine  by  which  these 
sheets  are  now  so  easily  and  accurately  sliced,  was  originally  contrived  and  con- 
structed by  Mr.  Beale,  engineer,  Church-lane,  Whitechapel. 

II.  Filature  of  Caoutchouc  for-  Making-  Elastic  Fabrics. 

The  following  pariioulars  may  be  deemed  as  belonging  to  the  history  of  the  manu- 
facture of  threads  of -native  rubber,— the  cured,  or  vulcanised,  or  mineralised  rubber 
having  quite  superseded  the  modes  of  preparing  threads  from  native  bottle  caoutchouc 

Messrs.  Rattier  and  Guibal  mounted  in  their  factory  at  St.  Denys,  Dr  Ure  says  in 
the  year  1826  or  1827,  a  machine  for  cutting  a  disc  of  caoutchouc  into  a  continuous 
miet  spirally  from  its  circumference  towards  its  centre.  This  flat  disc  was  made  hv 
pressing  the  bottom  part  of  a  bottle  of  Indian-rubber  in  an  iron  mould.  A  machine  oa 
bp'.f  ^  "  P^'^"t       Mr.  Joshua  Proctor  West- 

S;ri,  l"'     ^'^'T^  18^.6  i         being  constructed  with  the  well-known 

precision  of  Manchester  workmanship,  it  has  been  found  to  act  perfectly  well  in 
cutting  a  disc  of  caoutchouc,-from  the  circumference  towards  the  centre  spirally  into 
one  continuous  length  of  tape.  For  the  service  of  this  machine,  the  bottom  of  a  bott  a 
o  Indian-rubber  of  good  quality  being  selected,  is  cut  off  and  flattened  by  heat  and 
pre  sure  mto  a  nearly  round  cake  of  uniform  thickness.  This  cake  is  made  fas^at  "ta 
centre  by  a  screw  nut  and  washer  to  the  end  of  a  horizontal  shaft,  which  may  be  made 
to  revolve  with  any  desired  velocity  by  means  of  appropriate  puUeys  and  bands  aT  the 
'7  '^f  °f  '^^^  disc  of  caoutchouc  is  acted  on  by^a  circular  1;"^  of 

ca.t  steel,  made  to  revolve  3000  times  per  minute,  in  a  plane  at  right  anrferto  that  of 
the  disc,  and  to  advance  upon  its  axis  proeressivelv  so  kj  tn  nn?„  °, 
uniform  tape  or  fillet  from  the  circumfeSof  the  cake  D^rfnT.>.-c 
tio^  the  knife  and  caoutchouc  are  kept  cLftlntlytoist  S Urfst dt'Ttfer 
v  ater.    A  succession  of  threads  of  any  desired  fineness  is  afterwarTcut  out  of  th?, 

into  threads  th.  tapes  mad!'S  th^S^p^^fcT^^^^^^^^^        ^'"^'"^^^^  ^"-^ 

<^^o.':^oZ^^^^^  -  hollow  cylinder  of 

dimensions  as  to  keep  i t  enuallv  dil^nHpH  ''P™/.,"ia°'iril  of  soft  wood  of  such 

of  a  lathe,  which  has^oL  ^d  formed  fntJ\  ^5'?^'°? '"5' ''"''"'^  *°  the  shaft 
nut,  so  as  to  traverse  from  HrIU  to  lef  b^ts  rof^-"^  '°  ^'''^ 

moist,  revolves  upon  a  Taft  naraHel  to  f L  ^  '^'^^  °f  «'^<^>'  kept 

cut  through  the  cL^tchoutso  thif  ^^tt  ^Ir?  '""'^  ^  f'"'™  '^^ 

the  hollow  cylinder  is  cut  snirnllv  in^/       traverse  movement  of  the  mandril  shaft 

thickness  of 'the  :ide\rthT"cyS,dr  mTnXTs  hif/  '^^T'^''^  t"^' 
forming  hollow  cylinders  of  recomposed  caoutel  oS  for  th.  ''"^''^  °f 
fillets  by  such  a  machine.  caoutoliouc,  lor  the  purpose  of  being  cut  into 

It  is  probable  that  the  threads  formed  from  th^  1,^.*  t  j- 
ported  from  Para,  are  considerably  strong" '^^^^^^^^  im- 
caoutchouc,  and  therefore  much  bLer  Sted  for        •  '"'^'^omposed 
elastic  cordage.    When,  however,  the  LfadS?  otraHoJ' 1^         ^''^^'"'^  P^f^'^t 
formed,  it  is  found  that  threads  of  the       Jc^Lr^^r  itt  intr-reS^^^ 
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the  workmen,  answer  well  for  every  ordinary  purpose  of  elastic  fabrics,  and  are,  of 
course,  greatly  more  economical,  from  the  niueli  lo^er  price  of  the  material. 

_  The  following  figs.  400,  401,  402,  represent  the  machine  for  cutting  the  S|)iral 
riband.    The  disc  p,  placed  horizontally,  turns  round  its  vertical  axis,  so  as  to  present 
400      r      ;  I 


401 


its  periphery  to  the  edge  of  a  knife  c,  formed  like  a  circular  blade,  whose  plane  is 
perpendicular  to  that  of  the  bases  of  the  disc.  It  is  obvious,  that  if  the  disc  alone 
revolved,  the  motionless  knife  could  act*  only  by  pressure,  and  would  meet  with  an 
enormous  resistance.  A  third  movement  becomes  necessary.  In  proportion  as  the 
disc  is  diminished  by  the  removal  of  the  spiral  band,  the  centre  of  this  disc  must 
advance  upon  the  knife  in  order  that  the  riband  may  have  always  the  same  breadth. 
The  inspection  of  402,  will  make  the  accordance  of  the  three  motions  intelligible. 
The  knife  c  is  placed  upon  a  shaft  or  axis  a,  which  carries  a  pulley,  round  which  a 
belt  or  cord  runs  which  drives  the  whole  machine. 

The  shelf  a  bears  a  pinion  p,  which  takes  into  a  wheel  r,  placed  upon  the  shaft  a'  ; 
upon  which  there  is  cut  a  worm  or  endless  screw,  v,  v.  This  worm  bears  a  nut  e, 
which  advances  as  the  screw  turns,  and  carries  with  it  a  tie  i.,  which  in  its  turn 
pushes  the  disc  d,  carried  upon  a  shoulder,  constantly  towards  the  knife.  This 
shoulder  is  guided  by  two  ears  which  sl'ide  in  two  grooves  cut  in  the  thickness  of  the 
table.  The  diameter  of  the  pinion  p  is  about  one  fifth  of  that  of  the  wheel  k  ;  so 
that  the  arbour  a  turns  five  times  less  quickly  than  the  arbour  a';  and  the  fineness  of 
the  screw  v  contributes  further  to  slacken  the  movement  of  translation  of  the  disc. 

The  rotatory  movement  of  the  disc  and  its  shoulder,  is  given  by  an  endless  screw 
w,  w,  which  governs  a  pinion  p  ,  provided  with  ten  teeth,  and  carried  by  the  shaft  a, 
upon  which  the  shoulder  is  mounted.  The  arbour  a'  of  this  endless  screw  receives 
its  motion  from  the  first  shaft  a,  by  means  of  the  wheels  s  and  s'  mounted  upon  these 
shafts  and  of  an  intermediate  wheel  s".  This  wheel,  of  a  diameter  equal  to  that  of  the 
shaft  a",  is  intended  merely  to  allow  this  shaft  to  recede  from  the  shaft  a.  The  dia- 
meter of  the  wheel  of  this  last  shaft  is  to  that  of  the  two  others  in  the  ratio  of  10  to  8. 

Second  machine  for  subdividing  the  ribands.    Figs.  403,  404.— The  riband  is  engaged 


404 


between  the  circular  knives  c,  c,  which  are  mounted  upon  the  rollers  r  n  ;  thm  brass 
washers  keep  these  knives  apart  at  a  distance  which  may  be  vaned,  and  two  extreme 
wa  he^  mounted  with  screws  on  each  roller  maintain  the  whole  system.  The  axes  of 
Xse  JoCrs  traverse  two  uprights  M,  m,  furnished  with  brasses,  and  w,th  adjustmg 
s^  w  to  a  -proximate  them 'at 'pleasure.  The  axis  of  the  lower  -1  -  o-nesa  w^^^^ 
r,  which  takes  into  another  smaller  wheel  placed  upon  the  f f/^''^^/"  ^^ 
p,  which  is  driven  by  a  cord.    The  diameter  of  the  wheel  r  is  three  times  gi eater  than 
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the  wheel  r'.  The  pulley  v  is  twice  the  size  of  the  wheel  and  its  cord  passes  round 
a  drum  b,  which  drives  the  rest  of  the  machine. 

Threads  of  caoutchouc  are  readily  pieced  by  paring  the  broken  ends  obliquely  with 
scissors,  and  then  pressing  them  together  with  clean  fingers,  taking  care  to  admit 
no  grease  or  moisture  within  the  junction  line.  These  threads  must  be  deprived  of 
their  elasticity  before  they  can  be  made  subservient  to  any  torsile  or  textile  manufac- 
ture. Each  thread  is  i/ielasticalcd  individually  in  the  act  of  reeling,  by  the  tenter  boy 
or  girl  pressing  it  between  the  moist  thumb  and  finger,  so  as  to  stretch  it  to  at  least 
eight  times  its  natural  length,  while  it  is  drawn  rapidly  through  between  them  by  the 
rotation  of  the  power-driven  reel.  This  extension  is  accompanied  with  condensation 
of  the  caoutchouc,  and  with  very  considerable  disengagement  of  heat,  as  pointed  out 
m  Nicholson  s  Journal  upwards  of  30  years  ago,  by  Mr.  Gough,  the  blind  philoso- 
pher of  Kendal.    To  stretch  the  thread,  in  the  act  of  reeling,  the  sensation  of  heat  is 

TJT^r  "r*^  ^^"'g  completely  filled  with  the 

thread  are  laid  aside  for  some  days,  more  or  fewer,  according  to  the  quality  of  the 

ml  th";  J^'TP'^'f  J"i^'"."S  a  longer  period  than  the  boUle  mater  al! 
When  thus  rendered  inelastic,  it  is  wound  off  upon  bobbins  of  various  sizes 

cItTofor  otrrTarn""  °'  ^'^^^  ^«  ^'^'^^^ 

firJo^.irr"''  "5  •'-■■^'^"^  t^^eads  of  caoutchouc,  being 

fi.st  of  all  deprived  of  their  elasticity,  are  prepared  for  receiving  a  sheath  upon  hf 
braiding  machine.    For  this  purpose  they  are  stretched  by  hand,  in  the  S  of  wind 
ng  upon  the  ree  ,  to  7  or  8  times  their  natural  length,  and  left  t^o  o  three  weeks  fa 

no  L:  than  olTs^sTl  T  ^''''''^  f'"^  inelasticated  has  a  specific  gTavtj  of 

no  less  tnan  0  948732;  but  when  it  has  iis  elasticity  restored,  and  its  lena-th  rpdnnpH 
to  Its  pristine  state,  by  rubbing  between  the  warm  palms  of  the  hanr  f  fh»  cn 
gravity  of  the  same  piece  of  thread  is  reduced  to  0  925939     This  nL^nt  ^ 
akin  to  that  exhibited  in  the  process  of  wire-drawing  wheS;  the  Ln  or  h^n    °  f 
condensed,  hard,  and  brittle,  while  it  disengages  much  heat    whl.hTbp  ^^^'^ 

the  pound  weight ;  and  No.  8,  700,  being  a  very  powerful  th  Ind  '   Thp  fi     ,  •  ^ 

patent  cordage  of  like  diameter  '  Sievi  S  n  ''''  strain  of  the  best 

In  the  manufacture  of  elastic  ^ibr^  tre  riLnd  o^^^^^^^ 
great  advantage  the  mechanical  genius  ^f  tL  patentee  Mr  sl^  "'P'^^ 
tive  powers  maybe  inferred  from^the  folwingSaSnf -^^^^^^^^^^ 
braces  are  woven  weekly  in  onp  is  r;T,ar,.i   »  °t  .       jOOO yards  of  l-inch 

^vho  has  nothing  to  do  b  u  watch  its  autlT'  ^^'"'^^         ^'"^^^^  "P^'-^ti^e. 
3000  yards  of  2  inch  braces  Ire  wovL  1°^''"  movements,  earns  10..  a-week 
But  one  of  Mr.  SievLr's  ros  curious  natPm  i    ^  T''^^^  ^^^^  '°  """^^ 
shrinking  of  the  caout^h^uT  thr  ad   L  the  SationU  t  °'  ''fT""^^ 
appearance  of  raised  figures,  closely  Msemhlfno^ T  t  T      •  °^       ^'"ff-  the 

simple  physical  operation,  t  ierri/mo^^^^^^  Thus,  by  a 

M  hich  could  not  be  effect;d  by  meoCt?;''  r/^Pr'"  ?^  """^  P^"°3^'  effect 
manufacture  is  not  carried  on  L  Zt^;^:^,^^^^  ^  ^^SL 

THE  Watek-proof  double  Fabrics. 
The  following  description,  however  correct  it  (bp 
fabrics,  ,s  only  of  value  as  a  record,  befo^rthe  m  Wic  d^^  as  applied  to  all  Macintosh 

qua'lllLrorfmp^tnou^'l^'^S^  "^--^^ed.  and  the  coarsest 

np  into  varnish,  wherewith  twr;„rSes '  'c,nth       '  '"""P'  ^'""^  ^^e  worked 

pound  fabric  impervious  to  air  S  wate^  T^^^^^^^ 

petroleum  (coal-tar),  naphtha,  or  oil  oT  turpenUnP  "^h  ^'''"^'''^  ^"her  in 

the  solvents  in  a  close  cast-iron  vessel  w  h  a  s  i 'i.^^     ^"^  triturated  with  either  of 

f-our  the  solution,  without  tl.e  "PP'-tioriySfn'S^y":^;!'^^^-^  J^^^^ 
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cylinders  have  been  called  pug-mills  by  the  -workmen,  because  they  are  furnished  with 
obliquely  pressing  and  revolving  arms,  but  in  otl\^r  respects  they  differ  in  construc- 
tion. They  arc  4  feet  in  diameter  and  depth,  receive  13  cwt.  at  a  time,  have  fx  verti- 
cal revolving  shaft  of  wrought  iron  4  inches  in  diameter,  and  make  one  turn  in  a 
second.  Three  days  are  required  to  complete  the  solution  of  one  charge  of  the 
varnish  materials.  The  proportion  of  the  solvent  oils  varies  with  the  object  in  view, 
being  always  much  more  in  weight  than  the  caoutchouc. 

When  the  varnish  is  to  be  applied  to  very  nice  purposes,  as  bookbinding,  &c.,  it 
must  be  rubbed  into  a  homogeneous  smooth  paste,  by  putting  it  in  a  hopper,  and 
letting  it  fall  between  a  couple  of  parallel  iron  rolls,  set  almost  in  contact. 

The  wooden  frame-work  of  the  gallery  in  which  the  water-proof  cloth  is  manufac- 
tured, should  be  at  least  50  yards  long,  to  give  ample  room  for  extending,  airing,  and 
drying  the  pieces  ;  it  should  be  2  yards  wide,  and  not  less  than  5  high.    It  is  formed 
of  upright  standards  of  wood,  bound  with  three  or  four  horizontal  rails  at  the  sides  of 
the  ends.    At  the  end  of  the  gallery,  where  the  varnish  is  applied,  the  web  which  is 
to  be  smeared  must  be  wound  upon  a  beam,  resembling  in  size  and  situation  the  cloth 
beam  of  the  weaver's  loom.    This  piece  is  thence  drawn  up  and  stretched  in  a  hori- 
zontal direction  over  a  bar,  like  the  breast  beam  of  a  loom,  whence  it  is  extended 
in  a  somewhat  slanting  direction  downwards,  and  passed  over  the  edge  of  a  horizontal 
bar.  Above  this  bar,  and  parallel  to  it,  a  steel-armed  edge  of  wood  is  adjusted,  so  closely 
as  to  leave  but  a  narrow  slit  for  the  passage  of  the  varnish  and  the  cloth.  This 
horizontal  slit  may  be  widened  or  narrowed  at  pleasure  by  thumb-screws,  which  lower 
or  raise  the  movable  upper  board.    The  caoutchouc  paste  being  plastered  thickly 
with  a  long  spatula  of  wood  upon  the  down  -sloped  part  of, the  web,  which  lies  between 
the  breast-beam  and  the  above  described  slit,  the  cloth  is  then  drawn  through  the  slit 
by  means  of  cords  in  a  horizontal  direction  along  the  lowest  rails  of  the  gallery,  whereby 
it  gets  uniformly  besmeared.    As  soon  as  the  whole  web,  consisting  of  about  40 
yards,  is  thus  coated  with  a  viscid  varnish,  it  is  extended  horizontally  upon  rollers, 
in  the  upper  part  of  the  gallery,  and  left  for  a  day  or  two  to  dry.    A  second  and  third 
coat  are  then  applied  in  succession.    Two  such  webs,  or  pieces,  are  next  cemented  face 
to  face,  by  passing  them,  at  the  instant  of  their  being  brought  into  contact,  through, 
or  between  a  pair  of  wooden  rollers,  care  being  taken  by  the  operator  to  prevent  the 
formation  of  any  creases,  or  twisting  of  the  twofold  web.    The  under  one  of  the  two 
pieces  being  intended  for  the  lining,  should  be  a  couple  of  inches  broader  than  the 
upper  one,  to  insure  the  uniform  covering  of  the  latter,  which  is  destined  to  form  the 
outside  of  the  garment.    The  double  cloth  is  finally  suspended  in  a  well-ventilated 
stove-room,  till  it  becomes  dry,  and  nearly  free  from  smell.    The  parings  cut  fi-om 
the  broader  edges  of  the  under  piece,  are  reserved  for  cementing  the  seams  of  cloaks 
and  other  articles  of  dress.    The  tape-like  shreds  of  the  double  cloth  are  m  great 
request  among  gardeners,  for  nailing  up  the  twigs  of  wall  shrubs. 

In  1837,  Mr.  Hancock  obtained  a  patent  to  produce  cloth  waterproof  with  greatly 
reduced  quantities  of  dissolved  caoutchouc,  and  in  some  cases  without  any  solvent 
at  all  The  masticated  rubber,  rolled  into  sheets,  was  moistened  on  both  sides  with 
solvent  and  rolled  up.  The  following  day  these  were  submitted  to  rollers  of  different 
speeds  and  the  whole  became  a  plastic  mass.  Instead  of  a  wooden  plank  as  the  bed 
of  the' machine,  a  revolving  iron  cyhnder  was  used,  kept  hot  by  steam  or  water,  and 
the  coated  cloth  passed  over  flat  iron  chambers,  heated  the  same  way,  to  evaporate 
the  small  quantity  of  solvent.  Masticated  rubber  has  been  spread  without  any  solvent 
by  these  machines  ;  but  the  spreading  is  best  effected  by  the  rubber  being  m  some 
deeree  softened  by  the  addition  of  smaU  quantities  of  the  solvent. 

Sheets  of  rubber  have  been  prepared  by  saturating  the  cloth  with  gum,  starch,  glue 
&c  then  rubber  dough  was  placed  on  this  smoothed  surface  ;  sufficient  coatings  of 
ihe'rubber  were  spreld  to  mike  up  the  desired  thickness,  the  cloth  was  immersed  m 
warm  water  to  dissolve  the  gum,  when  the  sheet  of  rubber  came  off  with  ease,  and  the 
nlasdc  or  dough  state,  was  the  precursor  of  vulcanisation  experiments  and  success. 
^  The  clamminess  of  caoutchouc  is  removed  by  Mr.  Hancock  in  the  foUowmg 
manner  10  pounds  of  it  are  rolled  out  into  a  thin  sheet  between  iron  cylindors,  and 
Tthe  same  time  20  pounds  of  French-chalk  (silicate  of  magnesia)  "'■e  ^'ft-^d  o°  ""J 
fncorDorSed  with  it,  by  means  of  the  usual  kneading  apparatus.  AVhen  ery  t  in 
fdms^r™  required  (lu/c  sheets  of  paper),  the  caoutchouc,  made  plastic  ^'H^  1' '1« 
nanhtlm  is  spread  upon  cloth  previously  saturated  with  size,  and  when  dry  is  stripped 
off*^  Mxturerof  cTutchouc  so  softened  may  be  made  with  asphalt,  wxth  pigments  of 

^treiS'foS'Srgs"i''pifbw::  or  ordinary  air-cushions,  is  -11-known  and 
JnltllT^y  C.  uLnioI  and  Co.  as  early  as  '^^^ 
is  applied  they  yield  for  the  instant  to  the  compressing  >°'l/;,^>^^^^;'-"  ^^^^^^^ 
and  the  whole  strain  is  borne  by  the  inelastic  material  ot  the  bag,  which  tlieu 
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sistingly  bears  the  strain.  Mr.  T.  Hancock  once  tried  an  ordinary  pillow  between 
boards  in  a  hydraulic  press,  and  records  that  it  bore  a  pressure  of  7  tons  before  it 
burst.  To  remedy  the  evils  of  this  form  an  ingenious  arrangement  was  made  of 
inserting  slips  of  Indian-rubber  into  the  fabric,  so  that  it  expanded  in  every  direction. 
This  yielding  of  the  case,  and  divisions  into  strengthened  partitions,  enabled  seats, 
beds,  and  other  applications  to  be  made.  Particular  details  will  be  found  in  Hancock's 
patent  for  1635. 

The  gas  bags  now  so  commonly  used  appear,  by  Mr.  Hancock's  statement,  to  be 
made  for  experimental  purposes  in  the  year  1826  ;  and  in  May  1826,  at  the  suggestion 
and  for  the  use  of  Lieut.  Drummond,  they  were  employed  in  the  Trigonometrical 
Survey,  with  the  oxy-hydrogen  jets  of  gas  on  balls  of  lime. 

They  were  made  strong  and  of  rough  materials— fustian  made  air-proof  with  thin 
sheet  rubber.  Mr.  Hancock,  to  try  whether  the  rubber  was  absolutely  impervious  to 
water,  had  a  bag  made  and  weighed  it  during  30  years  ;  the  decrease  of  weight  is 
shown  : — 

„  .  Ih.  oz.  drch. 

Oct.  21st  1826  weight        -       -       -  -114 

Oct.  25th  1827     „     -       -       -       -       -  1    1  2 

Oct.  2nd  1835     „-       -       -       -       -  loO 

Nov.        1844     „   0  14  12 

Oct.         1849      „   0  13  4 

Feb.         1851      „   0    7  8 

May      _  1854     „      -       -       .       -       -  0    3  14 

In  1856  it  was  cut  open  and  weighed    -       -  0    3  12 

It  was  quite  dry.  Thus  12  oz.  of  water  had  evaporated  or  escaped  in  a  quarter  of  a 
century,  and  13  oz.  8  dr.  in  30  years  of  observation. 

He  remarks  that  bags  of  such  cloth  made  with  a  thin  coating  of  rubber,  soon  eva- 
porated sufficient  water  to  cause  mildew,  when  laid  upon  each  other:  but  this  slow 
evaporation  does  not  interfere  with  their  ordinary  applications 

,.2'^'^  porosity  of  caoutchouc  explains  the  readiness  with  which  it  is  permeated  by 
different  liquids  which  have  no  chemical  action  upon  it.  Thin  sections  of  dry  caout- 
ehoiic  of  the  best  kinds  absorb  from  18  to  26  per  cent,  of  water  in  the  course  of  a 
month,  and  become  white  from  having  been  brown. 

To  enumerate  the  applications  of  these  double  fabrics  for  cushions,  life  preservers 
Th,?  ;n<=^?'  ^^'^'^^^  place  here,  however  important  and  ingenious  the  plans! 

Thus,  instead  of  one  bag  several  tubes  or  compartments  gave  the  required  form,  and 
his  agam  may  be  divided  into  cells,  very  small,  and  kept  apart  by  wool  or  hai;  of 
the  advantage  of  this  plan  to  divide  the  air  spaces  there  can  be  no  doubt 

For  single  texture  fabrics,  or  cloth  with  one  side  only  prepared  the  nrocess  is  th,. 
same  as  that  described  for  double  fabrics,  only  that  onl  side  is  Vooferor  coveJS 
with  ludian-rubber  solution  or  paste;  and  this  kind  of  waterproof  has  an  advantaS 
over  the  old,  tha  the  surface  worn  outside,  being  non-absorbent,  imbibes  no  mSife 
and  requires  no  drying  after  rain  or  wear.  The  objection  to  s  ngle  texture  fabrics 
of  being  liable  to  decomposition  by  the  heat  of  the'sun  and  from  close  rcLn?Tas 
been  obviated  by  a  discovery  adopted  by  Messrs.  Warne  and  Co.,  termed  by^them 
he  Smcalor  process  colore,  without  heat);  by  which  the  properties  of  the  ruS 
are  so  changed  that^  heat,  grease,  naphtha,  and  perspiration,  wh  ch  decomposes  the 
ordinary  Indian-rubber  waterproof,  in  no  way  affects  the  waterproof  goods  of  he 
Nncalor  process.  The  singular  changes  effected  by  this  process  is  especiallv 
shown  by  the  application  of  a  hot  iron  to  the  surface,  which  destroys  wiZut  £ 

IHtltelToT^cS'       ^"^'^'^"^^  '''' -"^-<^  The  procS 

IV.  Vulcanisation. 

Of  all  the  changes  effected  by  chance,  observation,  or  chemical  exDeriment.  nf  Tat 
years,  few  cases  have  been  so  important  as  the  chano-e  in  Tmlinf  ^  ^^^^ 

called  Vulcanisation.    The  union  of  snlnhnr  .  Indian-rubber  by  the  process 

so  valuable,  that  it  may  be  said  the  SZ  wefl  Tn""  °  ®'J',°^"  properties 

rendered  so  variable  fhJt  almost  every  ra^gl,  fr^^^^  -  '^ow 

hardness  of  metals,  has  been  obtained  at  ^ilf  by  trmanufec  irer  Thet''^ 
the  caoutchouc  are  produced  with  a  degree  of  nermanrnP^  fJ"  f     •    ®  changes  m 
and  acid  solutions;  the  material  is  inca^Iwe  ohdng  corroded  ani  "2rT'''  "'"^ 
under  harsh  usage  than  any  other  set  of  bodies  in  thf  woTd  Su< t  .rif  P'^™^ 
the  processes  that  induce  a  "change"  in  caoutcI,n„rwi!f      ,  t  "''^  '"^^^''s  of 

ployed;  where  metals  and  minerds  are  emSe^'  me^^^  ''f^'''''  ^'"'^ 

"thionised,"  and  a  number  of  other  terms  h^veiei  u^ed     '      '"'^  "  ^mineralised," 
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When  caoutchouc  is  mixed  with  sulphur  from  2  to  10  per  cent,  and  then  heated  to 
270°  and  300°,  it  undergoes  a  change,  it  acquir«»p  new  characters,  its  elasticity  is 
greatly  increased,  and  is  more  equable  ;  it  is  not  affected  nor  is  the  substance  altered 
by  cold,  no  climate  effects  a  change,  heat  scarcely  afl'ects  it,  and  when  it  does  it  does 
not  become  sticky  and  a  viscid  mass;  if  it  yields  to  a  high  temperature  it  is  to  he- 
come  harder,  and  will  ultimately  yield  only  at  the  advanced  temperature  to  char 
and  to  decompose.  All  the  ordinary  solvents  are  ineffectual.  The  oils,  grease,  ether, 
turpentine,  naphtha,  and  other  solvents  scarcely  alter  it,  and  the  quantity  of  sulphur 
that  will  effect  the  change  is  known  not  to  exceed  1  or  2  per  cent.  Further,  if  pecu- 
liar solvents,  such  as  alkalies,  remove  all  apparent  sulphur  from  it,  still  the  change 
remains  ;  indeed,  the  analogy  of  steel  to  iron  by  the  changes  of  condition  etfected  by 
some  small  quantities  of  other  bodies  seems  to  be  an  analogous  condition.  Whatever 
the  theory,  which  is  exceedingly  obscure,  still  the  practice,  by  whatever  name,  is  to 
obtain  this  changed  state  and  exalted  elastic  properties. 

"  Vulcanisation"  had  its  discovery  in  America.  Mr.  Goodyear  relates,  that  having 
made  a  contract  for  Indian-rubber  mail  bags,  they  softened  and  decomposed  in  service, 
and  while  he  thought  a  permanent  article  had  been  made,  the  colouring  materials 
and  the  heat  united  to  soften  and  to  destroy  the  bags  ;  hence,  by  this  failure,  dis- 
tress of  all  kinds  arose,  and  the  trade  was  at  an  end.  During  one  of  the  calls  at  the 
place  of  abandoned  manufacture,  Mr.  Goodyear  tried  a  few  simple  experiments  to 
ascertain  the  effect  of  heat  upon  the  composition  that  had  destroyed  the  mail  bags, 
and  carelessly  bringing  a  piece  in  contact  with  a  hot  stove,  it  charred  like  leather. 
He  called  the  attention  of  his  brother,  as  well  as  other  individuals  who  were  present, 
and  who  were  acquainted  with  the  manufacture  of  gum  elastic  to  the  fact,  as  it  was  re- 
markable, and  unlike  any  before  known,  since  gum  elastic  always  melted  when  ex- 
posed to  a  high  degree  of  heat.  The  occurrence  did  not  at  the  time  appear  to  them 
to  be  worthy  of  much  notice.  He  soon  made  other  trials,  the  gum  always  charring 
and  hardening. 

As  ordinary  Indian-rubber  is  always  tending  to  adhere,  many  plans  had  been  tried 
to  prevent  this.  Chalk,  magnesia,  and  sulphur  had  been  patented  in  England  and 
America,  but  no  one  seems  to  have  supposed  any  other  change  would  be  produced  by 
heat.  Mr.  Goodyear  proceeded  to  try  experiments,  and  produced  remarkable  results  : 
samples  of  goods  were  shown  about  and  sent  to  Europe. 

The  late  Mr.  Brockedon,  so  well  known  for  his  talents  and  love  of  scientific  inves- 
tigations, had  long  pursued  means  to  obtain  a  substitute  for  corks,  and,  after  much  inge- 
nuity, had  devised  Indian-rubber  stoppers.  As  soon  as  all  mechanical  difficulties  were 
over,  objections  were  taken  to  the  colour  of  the  substance.  Some  samples  of  a  changed 
rubber  came  into  his  possession,  of  which  it  was  declared  they  would  keep  flexible  in 
thecold,  and  were  found  not  to  have  an  adhesive  surface.  These  caused  numerous  expe- 
riments, as  it  was  recognised  that  a  change  had  been  effected,  and  although  Mr. 
Brockedon  failed,  yet  Mr.  Hancock  kept  on  working,  combining  sulphur,  with  every 
effect  but  that  of  vulcanisation,  as  he  was  ignorant  of  the  power  of  heat  to  effect  this 
change.  He  used  melted  sulphur,  and  produced  proof  of  absorption,  for  the  pieces  of 
caoutchouc  were  made  yellow  throughout ;  by  elevating  the  temperature  he  found 
they  became  changed,  and  then  the  lower  end  of  slips  "  nearest  the  fire  turning 
black,  and  becoming  hard  and  horny"  (the  sulphur  was  melted  in  an  iron  pot).  By 
these  simple  observations,  as  they  now  seem,  Mr.  Goodyear  in  America  and  Mr.  Han- 
cock in  England,  were  induced  to  take  out  patents,  and  commence  that  series  of 
manufacturing  applications  to  which  there  seems  no  Hmit.  The  first  English  patent 
■was  by  Mr.  Hancock.  The  general  method  is  to  incorporate  sulphur  with  caoutchouc, 
and  submit  it  to  heat ;  if  any  particular  form  is  required,  the  mixture  is  placed  in 
moulds  and  takes  off  any  delicate  design  that  may  be  upon  the  iron  or  metal  mould,  and 
if  these  are  submitted  to  higher  degrees  of  heat,  the  substance  and  evolved  gases  ex- 
pand, and  thus  a  very  hard,  horny,  or  light  but  very  strong  substance  is  produced, 
called  hard  Indian  -rubber,  or  "  vulcanite."  Mouldings,  gun-stocks,  combs,  cabmet  work, 
and  hundreds  of  forms  may  be  obtained  by  these  curious  means.  The  term  vulcani- 
sation was  given  by  Mr.  Brockedon  to  this  process,  which  seemed  by  the  employment 
of  heat  and  sulphur  to  partake  of  the  attributes  of  the  Vulcan  of  mythology.  For 
the  "change"  or  "  vulcanising"  to  get  a  yielding  but  permanently  elastic  substance, 
steam  heat  is  usually  employed  in  England,  but  in  America,  ovens,  with  various  plans 
for  producing  dry  heat,  are  generally  employed.     ^  ^  ,  ,     ,    ^     , ,    ^  cM^„„«, 

The  articles  thus  made  being  more  elastic,  unaffected  by  heat,  cold,  or  solvents, 
attracted  much  attention,  and  Mr.  Tavkcs  was  engaged  to  fand  out  a  method  of  pro- 
ducing the  same  effects  now  secured  by  patent:  all  ordinary  means  were  ij^ed  and 
given  up,  but  he  finally  succeeded.  The  {.rocess  of  cold  sulphuring  of  Mr.  l^^^  co  - 
sists  in  plunging  the  sheets  or  tubes  of  caoutchouc  in  a  mixture  of  100  paits  o  sul- 
phuret  of  carbon,  and  2J  parts  of  protochloride  of  sulphur,  lor  a  minute  or  tx>o,  and 
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then  immersing  them  in  cold  water.  Thus  supersulphuration  is  prevented  in  conse- 
quence of  decomposing  the  chloride  of  sulphur  on  the  surface  by  this  immersion, 
while  the  rest  of  the  sulphur  passes  into  the  interior  by  absorption.  Mr.  Parkes  pre- 
scribes another,  and  .perhaps  a  preferable  process,  which  consists  in  immersing  the 
caoutchouc  in  a  closed  vessel  for  3  hours,  containing  a  solution  of  polysulphuret  of 
potassium  indicating  a  density  of  25°  Beaume,  at  the  temperature  of  248°  Fahr.,  then 
washing  in  an  alkaline  solution,  and  lastly  in  pure  water.  A  uniform  impregnation 
is  thus  obtained. 

In  the  first  instance  sulphur,  caoutchouc,  and  heat  were  alone  employed.  The  tem- 
perature and  the  time  to  which  the  mixtures  are  subjected  to  heat  afford  conditions  to 
be  best  understood  by  the  practical  man.  Vulcanised  rubber  now  is  not  only  the 
changed  substance  as  produced  by  sulphur  but  it  contains  metallic  oxides  &c  Me- 
talhc  and  mineral  substances,  and  these  compounds,  are  perhaps  much  better  fitted 
for  their  respective  uses  than  the  pure  sulphur  and  Indian-rubber  White  lead 
sulphuret  of  antimony,  black  lead,  and  other  substances  enter  into  these  combinations' 
After  the  early  experiments  with  vulcanised  rubber  there  seemed  reason  to  believe 
that  changes  slowly  took  place.  The  rubber  was  found  to  become  brittle  and 
bands  stretched  out  broke  immediately.  To  a  great  extent  this  has  been  remedied  by 
the  use  of  lead,  which  seems  to  combine  with  the  sulphur,  for  changes  are  believed  bv 
practica  men  to  take  place  with  pure  elastic  vulcanised  caoutchouc,  which  do  not 
occur  when  metallic  matters  are  duly  mixed.  This  is  a  trade  statement,  which  may 
be  true  for  some  special  uses.  The  brittleness  may  perhaps  more  fairly  be  admitted 
to  be  due  to  inexperience,  and  the  difficulties  to  meet  the  demands  of  the  public  for  a 
frnffn'^t;  •   !t!°  °}ay  most  concern,  we  have  raised  this  question  so 

fa.  as  to  obtain  the  conscientious  opinion  of  Mr.  Thomas  Hancock  (now  retired  from 
busmess  .  who  considers  that  by  the  peculiar  plan  of  vulcanising  by  a  ba^h  o  sulphur 
and  employmg  h.gh  pressure  steam  (described  in  Patent  of  1843),  he  obtain  what  he 
"  ThnfT  tJ^'it       tbe  use  of  sulphur,  rubber,  and  heat      He  sfates 

That  by  this  mode  the  greatest  amount  of  extensile  dastkity  \s  obtained  and  that 
th,s  quality  is  diminished  m  proportion  as  other  matters  are  present  in  the  com  pound  " 
It  may,  however,  be  useful  to  record  some  of  the  results  of  early  tr  alfmade  by  com 

™,  T  ^''^  °^  employme^n  s     C  Brockedon 

stated  at  the  Institution  of  C  vil  Engineers  (-hit  Iip  \Xa  i,„„r    i      •  ^^'^'^e'lon 

moulds,  strongly  secured  if  a  hi^hS^.r  •  ?  T'^''"'  °^  materials  are  placed  in 
with  the  form^husgSto  it  3S  o,  1  '^^"^''^^  the  mass  comes  out 
always  likely  to  beldvrc^f  in  tr^nisbg  cha^^^'^'^^  '""^  ^"^^^  - 

that'  ^r^^^rj^T^:^-^^  'V-T 

retain  their  f^rm,  although  rendered  pCan  ntfy  elastic  ^"^^  '""'^ 

inf  f  -  S-S™- -stern  Railway 

rail,  but  not  permanently  so  and  X  surlie  w 'f  J'"''/"'^''^'^''  ^^S^  of  the 

were  6  inches  wide,and  weighed  8  oz.  o  the  yard  in  eTih  1'^'^  ^''"'^P''  '  '''' 
was  easier  over  that  part  of  the  line.  ^  ^   '  °^  '^e  carriages 

To  test  the  power  of  endurance  to  heavy  blowc  i 
of  vulcanised  Indian-rubber,  li  inch  thick  and  2% nnh  subjected  a  piece 

steam  hammers  of  5  tons  ■  thi,  fivcf  i  u  ^^'^^''^  '^'"e'*'  one  of  Nasnivth'^ 
2  feet  and  dropped  u  o";  t^ut  in  ury  Zn^Stl  7^.^  "^T'  ^^'^  --"^d 
torn,  but  Its  elasticity  was  not  destroyed     Sf^  ^'-'canised  cake  was 

of  vulcnnised  caoutchouc  was  00!^-'^  ''''^  "'^^d"'  ''^  ^'^^^ 

of  the  heaviest  steam  hamme  siployed  buTr  ^'"'^       ^''-'^  P"wer 

elasticity  of  the  vulcanised  c.^ST^Ls  t^l^^^^^^  ''''  the 
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The  natural  and  the  vulcanised  rubber  have  both  been  proposed  as  absolutely  re- 
sisting the  power  of  shot  and  rifle  balls.  Instructive  cases  are  known  of  projectors 
offering  to  be  clothed  in  their  own  cuirasses,  and  meet  the  charge  of  a  fired  rifle  ; 
■when  a  deal  board  or  leg  of  mutton  has  been  substituted  in  the  interior,  they  have 
been  found  perforated  by  the  rifle  ball,  while  back  and  front  the  cuirass  showed  no 
change,  the  truth  being  that  the  bullet  cut  its  way  through,  and  the  edges  of  the 
aperture  closed  and  joined,  so  that  no  hole  being  visible,  led  to  the  conclusion  that  the 
ball  had  declined  to  penetrate  the  rubber. 

Among  the  applications  may  be  named  the  construction  of  boats  and  pontoons.  On 
the  first  trial  in  the  Arctic  regions,  they  were  adopted  to  give  possible  conveyance 
when  other  boats  could  not  be  carried  ;  the  Indian-rubber  boat  soon  won  its  character; 
it  took  the  icy  channels,  and  bore  the  brunt  of  all  collisions,  and  without  damage  met 
rock,  and  ice,  and  stoi-m,  where  it  was  believed  no  other  boat  could  live.  Since  then, 
they  have  been  employed  on  the  rivers  of  Africa  by  missionaries  and  travellers,  and  on 
lakes  in  England. 

Sheets  of  enormous  size, — ship-sheets, — have  been  made  50  yards  long  and  56  inches 
wide,  others  10  feet  square;  these  are  proposed  to  pass  over  a  steam- vessel's  side,  to 
adapt  a  valve,  fix  a  pipe,  or  repair,  from  the  interior,  the  vessel  itself,  without  going 
into  dock.  These  stout  sheets,  |th  inch  thick,  are  let  down  by  ropes  over  a  ship's 
side,  and  brought  over  the  hole  or  place  for  repair  by  the  pressure  of  the  water  on 
the  elastic  sheet,  the  leak  may  be  stopped  and  the  ship  pumped  dry,  pipes  renewed, 
shot-holes,  and  leaks  stopped.  Indeed  an  early  application  of  compounds  of  native 
rubbers  and  other  materials  was  applied  directly  as  sheathing  for  ships  with  success  ; 
but  litigation  among  the  parties  caused  the  business  to  cease.  Since  the  various  plans 
for  getting  a  flexible  material  have  been  successful,  there  seems  no  doubt  but  many 
•unexpected  applications  will  be  made. 

Messrs.  Macintosh  had  coated  some  logs  of  wood  with  vulcanised  Indian-rubber, 
and  caused  them  to  be  towed  in  the  wake  of  a  vessel  all  the  way  to  Demerara  and 
back,  and  it  was  found  that  the  coated  logs  were  quite  intact,  while  the  uncoated 
timber  was  riddled  by  marine  insects.  The  same  firm  stated :  "  That  the  only  effect 
they  covdd  trace  upon  long  immersed  vulcanised  caoutchouc,  was  a  slight  change  of 
colour,  perhaps  a  hydrate  produced  by  superficial  absorption,  but  this  change  of 
colour  disappeared  on  being  dried.  If  they  were  called  upon  to  select  a  situation  for 
the  substance  to  retain  its  properties  for  the  longest  period,  they  would  select  immer- 
sion in  water.  After  years  of  experience  in  the  use  of  hose-pipes,  pipe-joints,  valves 
for  pumps  and  steam-engines,  they  had  never  known  an  injury  from  the  contact  of 
any  kind  of  water." 

Mr.  Goodyear  sums  up  the  advantages  of  vulcanised  rubber  under  the  following 
heads,  as  being  either  properties  new  or  superior  to  those  possessed  by  the  natural 
caoutchouc :  — 


1.  Elasticity. 

2.  Pliability. 

3.  Durability. 
Insolubility. 

Unalterability  by  climate,  or  arti- 
ficial heat,  or  cold. 
Inadhesiveness. 

Impermeability  to  air,  gases,  and 
liquids. 


8.  Plasticity. 

9.  Facility  of  receiving  every  style  of 

printing. 

10.  Facility  of  being  ornamented  by 

painting,  bronzing,  gilding,  ja- 
panning, and  mixing  with  colours. 

11.  Non-electric  quality. 

12.  Odour. 


Mr  Burke  in  describing  his  patented  process,  for  the  use  of  the  gol'den  sulphuret 
of  antunony,  now  the  property  of  Messrs.  Warne  and  Co.,  for  vulcanising  and  mme- 
ralising  Indian-rubber,  says,  that  he  avoids  two  principal  defects  of  the  usual  article, 
viz  its  efflorescence  of  sulphur  with  an  offensive  odour,  and  its  consequent  decom- 
position and  becoming  rotten.  He  employs  crude  antimony  ore  (the  sulphuret 
of  that  metal  in  fine  powder),  and  converts  it  by  boiling  in  water  with  soda  or  potash 
f carbonates)  into  the  orange  sulphuret  of  that  metal  (Kermes  mineral)  by  the 
addition  of  hydrochloric  acid  to  the  fluid  in  slight  excess.  He  combmes  this  com- 
pound (after  being  well  washed)  with  caoutchouc  or  guttapercha;  either  together 
or  separately,  according  to  the  degree  of  elasticity  which  he  wishes  to  obtain.  Ibis 
mixture  is  afterwards  subjected  to  a  heat  of  from  250°  to  280°  Fahr  He  masticates 
"le  iaoutchouc  in  the  usual  iron  box,  by  means  of  the  kneading  fluted  revo  v.ng 
rollers  subiecting  the  whole  to  heat.  The  antimonial  compound  is  then  added  in 
qut  tUies  varyini  from  5  to  15  lbs.,  according  to  the  strength  and  elasticity  required 

in  the  compound.  At  the  end  of  from  one  to  two  /"^"'•«'>«"' j'^'^.  *''°'toa 
removed  from  the  box,  and  while  in  a  warm  state  it  is  strongly  compressed  m  an  iron 
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mould;  and  after  being  under  pressure  for  a  day  or  two  is  subjected  to  a  steam  heat 
for  a  couple  of  hours.  The  block  thus  prepared  may  now  be  cut  into  sheets,  and 
afterwards  divided  into  threads,  or  formed  into  such  other  articles  as  are  desired. 
Tills  forms  the  clastic  red  rubber. 

Red  Rubber.  —  The  peculiar  advantages  of  this  mineralised  rubber  consists  in  the 
absence  of  the  efiBorescence  common  to  all  articles  in  which  sulphur  is  used,  the 
material  seems  preserved  by  the  metallic  oxide,  is  not  liable  to  decomposition,  or  to 
become  rotten  or  brittle;  and  is  efficiently  used  for  all  sorts  of  valves. 

This  mineralised  rubber,  in  various  qualities,  is  used  for  flange-washers,  packing, 
and  for  all  general  steam  purposes,  and  joints  for  water  and  gas.  Combined  with 
cotton  or  Imen  canvas,  it  is  employed  for  hose  for  locomotives,  fire-engines,  &c., 
phable  and  strong,  bearing  300  lbs.  pressure  on  the  square  inch. 

Another  application  of  Indian-rubber  by  Messrs.  Warne  is  carpet-cloth.  This  is 
a  stout  canvas,  proofed  thickly  with  mineralised  Indian-rubber  on  the  lower  side-  the 
upper  surface  is  then  printed  and  appears  like  oil-cloth:  it  is  to  combine  the  strength 
of  ordinary  floor-cloth  with  the  flexibility  of  Indian-rubber,  to  have  the  properties  of 
being  impenetrable  by  water,  and  uninjured  by  damp;  may  be  used  without  the  noise 
and  inconvenience  of  oil-cloth;  it  is  of  sufficient  thickness  to  be  yielding-  to  the  foot 
for  pubhc  offices  and  halls.  Such  a  non-conducting  substance  may  be  a  valuable- 
addition  to  floors  and  passages,  admitting  of  artistic  contrast  with  the  buildinff  and 
yet  atiording  comfort  to  those  who  for  hours  may  have  to  remain  there 

The  improvements  patented  in  January,  1849,  by  Mr.  Christopher  Nickels,  consist 
m  a  modification  of  the  grinding,  kneading,  or  masticating  machine,  by  furnishinff 
Its  roUers  wi  h  flanges  at  its  two  ends  to  prevent  the  rubber  from  coming  against 
the  ends  of  the  cyhnder.  When  sulphur  is  to  be  kneaded  into  it  in  the  process  of 
vulcanising  the  rubber,  as  it  is  called,  he  covers  in  the  trough,  but  not  otherwise  He 
has  also  given  an  excentric  action  to  his  roller. 

He  kneads  with  his  rubber  flowers  of  sulphur,  or  compounds  thereof,  in  the  uro- 
portion  of  10  pounds  of  sulphur  to  60  pounds  of  caoutchouc,  and  he  ubjects  he 
compound  to  pressure  in  moulds.  He  prefers  to  treat  the  caoutchouc  with  the  fumes  c^" 
sulphur,  or  gases  contaming  sulphur,  in  order  to  make  a  combination^n  the  Sing 
cy  inder.  He  uses  a  retort  to  distil  the  vapour  of  sulphur  upon  the  mbbe^rn  he 
cylinder  hea  ed  m  a  steam  jacket.  He  also  occasionally  introduces  hydro' en  or 
phosphorus  along  with  it.  The  compound  mass  thus  obtained  is  °o  ^e  subScTd'^o  hv 
draulio  pressure  m  the  moulds,  heated  to  about  220°  or  250°  P.  HrcauSc  blocl^ 
o  undergo  a  rolling  motion  under  heavy  pressure  by  machinery  -  the  effect  of  which 

of  Indon  i^^wfollTcL  ^  ^^'^'^"^'^^  ^^'"^^''^  *°  ^--^  SUver  and  Co., 

the^pXtt^iXlLr^^^^^^^^  P---  0/  vulcanisation,  are 

cold,  and  increased  compressiS^f^  .u!.    f  ^  t"?  ^'^^  "^^^rees  of  heat  and 
rubber  becomes  rigid  b7exTosure  to  cl  nn  i'^  ^.   ^\  ''f  ^'^t^' 
action  of  boiling  wlter.  ^  IS         'S^  ^'^^f'  "°der  the 

qualities  which  constitute  their  Surfn  loir.  In/  f  ^'^^stance  suffer  and  lose  the 
rubber  cloth,  for  instance  takerto  Mnr^  r>  ^°V'=°'^°t'-'es.  A  piece  of  Indian- 
all  the  qualities  of  Tp^ec;  of  thin  sW  ?7  ''^  D<;^«.'"^<^r  °r  January,  would  assume 
^vould  ii  India  or  Syria  become  uncomfo  -f  7'  r'  i^  ""*"  Pasteboard  ;  the  same  cloth 
appearance;  and,  indeed  XrbeTn  °foSp       ^  ^""^  P'^'"^"*  ^  "^^'^^  ^'^d  greasy 

together.    N<.thing  Ift^Zl^^^t^tlttt.^^r''  *°  ^e  glued 

the  most  intense  cold  anrin  W  ,n         f  condition  of  the  articles  in 

practical  purposes  These  advantn  "il     ^""^  above  300°  makes  Indian-rubber  fit  for 
in  connecLif  with  machiuei  y  of  iTery  dTcS^^^^  ^^'^ 
employed,  and  as  the  numerous  other  advnnTn  i      '        f  ^^am  power  is  still  further 
become  known  (for  it  is  oZ  of  late  tharanf irir^'^fi,^  ^"^^ 
Its  application  will  be  extenLd  anl  propor^^^^^^^^^    i°f^  n  '^'^^^ 
The  compressibility  and  the  retiu-n  to  i?,  f°      ^  v  °°°s."mPtion  mcreased. 
ceased,  in  one  word,  fhe  elasticitv  oftL  TnH         ^^-^^.^lo^S'  -'^<^^  the  pressure  has 
by  vulcanisation,  that  comna ri  i  J'tt  ^  Indian-rubber  is  increased  to  such  a  de-^ree 
said  that  the  nati've  IndLn  S  is  aW^tT  '  7'^'       -"J^'S'^^^l  '"article,  it  maf  be 
elasticity  which  it  obtains  by  vulcanisaTon  t        °^  k ''V'">'-    ^^^^  ^''^^  ^^S^l  of 
experiments,  in  which  a  blocVof  Xe  "ScanLdn  °^ 
he  manufacture  of  railway  carriagrsnnn^s  mpl         J'^^^f '      ^^'^  '"'^'i  "S'-'d  for 
.nsKle^disc,  and  6  inches  dLp,  ^:!tZnSk^:^f^^<^:^^^^  ^ 

Q  Q 
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A  pressure  of  4  ton  reduced  it  to  ...  5, deep, 

ditto  1  ditto  -  -  ^  -  -  5^  do. 

ditto  l-i  ditto  -  -  -  -  4^^  do. 

ditto  2  ditto  -  -  -  -  4^  do. 

ditto  2i  ditto  -  -  -  -  3{|  do. 

ditto  3  ditto  -  -  -  -  ailj  do. 

ditto  3J  ditto  -  -  -  -  3J  do. 

ditto  4  ditto  -  -  -  -  3  do. 

The  block  was  left  under  pressure  for  48  hours,  and  in  each  case  returned  to  its 
original  dimensions  after  a  short  period  TiThen  the  pressure  was  removed. 

Indian-rubber  and  canvas  hose  are  now  generally  used  where  leathern  pipes  were 
used  in  former  times,  viz.  where  a  flexible  tube  is  required,  in  fact,  where  it  is  not 
possible  to  use  a  metal  pipe.  The  advantages  which  the  Indian-rubber  and  canvas 
hose  has  over  the  leathern  pipe,  are,  that  it  does  not  require  draining  and  greasing 
after  being  used,  that  it  can  be  left  in  the  water  without  rotting,  and  that  it  does  not 
harden  or  lose  its  flexibility.  Leathern  pipes,  on  the  contrary,  require  the  most 
careful  treatment,  and  even  with  the  greatest  care  they  are  liable  to  frequent  leaking. 
Indian-rubber  and  canvas  hose  are  made  to  resi.st  atmospheric  and  hj'draulic  pressure, 
say  up  to  1000  lbs.  pressure  on  the  square  inch.  Of  this  Indian-rubber  and  canvas 
hose,  the  descriptions  mostly  in  use  are  the  following :  — 

1  Ply  which  will  stand  a  pressure  of  about    -       -    20  lbs.  to  square  inch. 

2  Ply  for  conducting  water         „  -   30  to  40  „ 

2  Ply  stout  „  -       -    75  „ 

3  Ply  for  brewers,  &c.  „  -       -    75  „ 

4  Ply  for  steam  and  fire-engines  „  -       -  175  „ 

Among  the  most  recent  uses  of  Indian-rubber  and  canvas,  are  those  of  its  manu- 
facture into  gas  and  ballast  bags,  the  former  are  used  for  the  transport  of  gas,  and 
applied  to  the  various  emergencies  of  gas  engineering.  Indian-rubber  gas  tubing  is 
now  in  general  use,  the  great  advantage  over  metal  tubes  being,  the  ease  with  which 
gas  can  be  conveyed  to  whatever  part  of  the  building  it  maybe  required;  this,  where 
any  alterations  are  being  eifected,  is  a  great  desideratum.  Ballast  bags,  large  stout 
bao-s  of  Indian-rubber  and  canvas,  capable  of  holding  from  1  to  5  or  1 0  tons  of  water, 
are  coming  into  use  as  the  most  convenient  form  of  ballast,  thus  saving  valuable  space 
which  is  made  available  for  cargo.  These  bags  may  be  emptied  at  any  time,  and 
when  flattened  down  and  rolled  up  they  can  be  stowed  away.  Indian-rubber  bags  for 
inflation  have  also  in  a  few  cases  been  made  use  of  for  buoying  up  vessels,  but 
hitherto  the  practice  has  been  experimental  only,  and  such  floating  machines  are  not 
as  yet  generally  in  use. 

The  vulcanising  Indian-rubber  on  silk  or  woollen  was  for  a  long  time  considered 
impracticable,  because  the  process  of  vulcanisation  destroyed  the  fibre  and  texture  of 
the  two  substances  ;  and  it  is  stated  that  now  this  process  is  effected  in  a  manner 
which  deprives  neither  silk  nor  wool  of  their  natural  qualities  and  strength.  By  this 
improvement,  combined  with  Silver's  patent  process  of  annihilating  the  unpleasant  smell 
which  all  Indian-rubber  goods  used  to  acquire  in  the  process  of  manufacture,  the  advan- 
tages of  that  substance  for  clothing  purposes  are  extended  to  the  lightest  and  the 
warmest  of  our  textures.  Silk  and  Indian-rubber  garments  are  made  without  any  de- 
terioration of  the  strength  and  durability  of  the  stuff,  while  they  are  perfectly  free 
from  odour  of  any  kind.    (See  page  602.) 

v.  Mechanical  Applications  of  Caodtchouc. 

Numerous  important  applications  of  caoutchouc  have  been  made  in  the  mechanical 
arts  among  which  we  may  mention,  springs  for  railway  and  common  road  carriages, 
military  carriages,  lifting  springs  for  mining  ropes  and  chains,  towing  ropes  and 
cables  riffffing  of  ships,  recoil  of  guns  on  ships,  the  tyres  and  naves  of  railway  and 
other  'wheels,  to  axles  and  axle  bearings,  to  windo^vs  of  railway  carriages,  railway 
switches  bed  of  steam-hammer,  couplings  for  locomotives  and  tenders,  packing  for 
steam  and  water  joints,  shields  for  axle  boxes,  sockets  for  water  pipes,  bands  for 
driving  machinery,  valves  for  pumps,  tubes  for  conveying  acids,  beer,  water,  and 
other  fluids  packing  for  pistons.  .  . 

Many  of  these  improvements  have  been  the  subject  of  patents  a  list  of  the  princi- 
pal of  which  are  given,  stating  the  name  of  patentee,  date,  and  object  of  so  much  ot 
patent  as  relates  to  the  use  of  caoutchouc 
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No. 


Name. 


Date. 


Object  of  Patents. 


9 
10 

11 

12 

13 


14 
15 


Lacey 
Melville  - 

"Walker  and  Mills 
W.  C.  FuUer  - 


-  29th  Mar.  1825 
13th  April  1844 

3rd.  July  1845 

-  23rd  Oct.  1845 


Adams  and  Richardson 
C.  De  Bergue  - 

Wrighton 

C.  De  Bergue  - 

Normanyille 
C.  De  Bergue  - 

P.  R.  Hodge  - 
G.  Spencer 

P.  R.  Hodge  - 


W.  Scott  - 

J.  E.  Coleman  - 


16 

Fuller  and  Knirett  - 

6th  Oct.  1852 

17 

C.  De  Bergue  - 

26th  Mar.  1853 

18 

G.  Spencer 

2nd  July  1853 

19 

R.  E.  Hodges  - 

2nd  Nov.  1853 

20 
21 

C.  De  Bergue  - 
W.  C.  Fuller  - 

4th  Mar.  1854 
10th  May  1854 

22 

E.  Lnnd  -       -  - 

18th  Aug.  1854 

23 

W.  C.  Fuller  - 

10th  Jan.  1855 

24 

E.  Miles  - 

12t]i  Jan.  1855 

25 

G.  Richardson  - 

28th  Nov.  1855 

26 

W.  Scott  - 

14th  May  1856 

27 

G.  Spencer 

25th  July  1856 

28 

R.  Eaton  -      .  . 

20th  Nov.  1856 

24th  May  1847 
26th  July  1847 

22nd  Dec.  1847 
5th  Jan.  1848 


2nd  May  1848 
15th  April  1850 

8th  Mar.  1852 
2nd  Feb.  1852 

8th  Mar.  1852 


8th  Mar.  1852 
2nd  June  1852 


QQ  2 


Indian-rubber  springs  for  carriages 
enclosed  in  cases  with  dividing 
plates. 

Springs  for  buffers  and  bearing, 
sphere,  of  Indian-rubber  and  air, 
with  dividing  plates,  and  enclosed 
in  iron  cases. 
Buffers,  Indian-rubber  bags,  enclos- 
ing air,  in  iron  cases. 
Buffer  and  bearing  springs  of  In- 
dian-rubber,   cylindrical  rings 
■with  dividing  plates  of  iron. 
Elastic  packing  for  axles. 
Indian-rubber  buffer,  bearing  and 

draw  springs. 
Indian-rubber  shield  for  axle  box. 
Anti-recoil  buffers  of  Indian-rubber, 
and  improvements  in  dividing 
plates. 

Indian-rubber  shield  for  axle  box. 
Station  buffers  of  Indian-rubber, 

and  carriage  buffers. 
Packing  for  steam  joints. 
Indian-rubber  cones  as  buffer,  bear- 
ing, and  draw  springs. 
Indian-rubber  compound  springs, 
Indian-rubber  to  wheel  naves, 
and  to  axle  box  shields. 
Indian-rubber   as  check  springs, 
I     wheel  nave,  suspensor  springs. 
Indian-rubber   applied  to  buffer, 
bearing,  and  draw  springs,  rails' 
chairs  and  sleepers,  wheel  tyres, 
windows,  axle  bearings,  plummer 
blocks,  connecting  rods,  steam 
hammer  beds. 
Common  road  springs  of  Indian- 
rubber. 

Indian-rubber  bearing  sprino-s 
(Patent  refused.) 

Improved  cones  for  buffer,  bearin"- 
and  draw  springs.  " 

Improvements  in  fastening  Indian- 
rubber  springs. 

Buffers  for  railways. 

Indian-rubber  springs  applied  to  an- 
chors, cables,  towing  ropes,  deck 
ropes. 

Indian-rubber  to  feed-pipe,  coupling 

and  water  joints. 
Indian  rubber  springs  to  common 

roads. 

Indian-rubber  to  water-pipe  coup- 
lings. 

Indian-rubber  buffers  with  Spen- 
cer's cones. 

Indian-rubber  to  axles  and  tyres 
of  wheels. 

Indian-rubber  to  feed-pipe,  coup- 
iings  for  locomotives  and  ten- 
ders. 

Indian-rubber  springs  for  railways. 
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No. 

Name. 

Date. 

Object  of  Patents. 

29 

30 

31 
32 

K.  Eaton  -       -  - 

H  Bridces 

J.  Williams 

W.  E.  Nethersole  - 

8th  Deo.  1856 
14tli  Mar.  18.57 
llth  Nov.  1857 

Indian-rubber  springs  in  tliin  la- 
minae for  buffer,  bearing,  and  draw 
springs,  and  lifting  purposes. 

Speucer's  cones  applied  to  wood 
blocks  in  buffers,  bearing  springs, 
&c. 

Indian-rubber  springs  applied  to  the 
side  or  safety  chains  of  trucks,  &c. 
Do.             do.  do. 

"We  have  been  at  some  pains  to  ascertain  the  progress  that  has  been  made  in  the 
practical  application  of  these  inventions,  and  notice  them  below,  under  the  several 
heads  mentioned  above. 

Springs. — The  first  proposal  to  use  caoutchouc  for  springs  that  we  are  aware  of, 
occurs  in  Lacey's  patent  (see  list),  in  1825,  when  blocks  of  caoutchouc  were  proposed 
to  be  used,  having  dividing  plates  of  iron  between  each  series  ;  but  little  seems  to 
have  been  done  towards  any  practical  application  at  that  time :  later  in  1844  (see 
list),  Melville  proposed  to  use  spheres  of  caoutchouc,  enclosing  air,  and  separated  by 
discs  of  wood  or  metal,  the  whole  being  enclosed  in  iron  cases,  and  used  for  buffers  and 
bearing  springs  for  railway  carriages.  In  1845  (see  list).  Walker  and  Mills  proposed 
to  use  bags  of  caoutchouc  enclosing  air,  and  contained  in  cases  of  iron,  for  use  as 
buffer  springs. 

The  next  improvement  is  contained  in  Fuller's  patent  of  1845,  which  consists  m  the 
use  of  cylindrical  rings  of  vulcanised  Indian-rubber,  in  thicknesses  varying  from  i  to 
3  inches,  and  with  diameter  of  ring  suitable  to  the  power  of  spring  required ;  between 
each  of  these  cylindrical  rings  he  places  a  thin  iron  plate,  through  a  hole  in  the 
centre  of  which  passes  a  guide  rod.   Fig.  405  shows  Fuller's  spring  in  section  and  plan. 


405 


These  springs havebeenextensivelyusedasbuffer.bearmg,  and drawspnngsfor  railway 
uses  alone  and  in  combination  withDe  Bergne's  improvements  :  some  defects  have  been 
found  in  practice  in  this  form,  to  obviate  which,  the  ingenuity  of  later  inventors  has 
been  exercised;  the  defects  alluded  to  are,  the  tendency  to  sweU  at  the  central 
Snnorted  part  of  the  ring,  thus  from  the  undue  tension  rendering  it  liable  to  break 
under^sudderconcussion,ind  occasioning  complete  disintegration  of  the  material 

'''To%TvkteS  defects,  George  Spencer  (see  list,  Nos.  12,  18)  proposed  to  mould 
tbe  caoutchL  at  once  in  the  form  it  assumes  under  pressure,  and  then  to  place  a 
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those  on  the  Brighton,  South- Western,  North  London,  South  Wales,  Vale  of  Neath 
Bristol  and  Exeter,  TafF  Vale,  Lancashire  and  Yorkshire,  St.  Helen's,  Bombay  and 
Jlaroda,  Theiss  Railways,  and  many  others.   These  cones  are  used  as  bufifer,  bearing 


406 


^L's.'^Tolt't^^rfh^                 ^^-^  -  --'^          to  various 

experiment  on  a  Nl^cone  fforTnsWeZler^  T  "^f  °^ 

at  ring,  5  inches  diameter  of  ring!                 ^'  ^'  ^'^^^^  '^"'^^''^'^ 

1st  Experiment,  without  the  confining  ring,  weight  of  cone  l^lb. 

Without  any  pressure  the  cone  measured  -    '"t"''              Giving  a  stroke  of 

With  pressure— 280  lbs.  oi  " 

—448  lbs.         '  '               '       '  i«ich. 

-  -       2       -       .  1 


—672  lbs. 


27!c?  Experiment. 


resdL*- '  ""-^      -  the  .a.e  double  cone  ;  the  following  were  the 


With— 1,680  lbs. 
With— 2,912  lbs. 
With— 15,680  lbs. 


3  inches,  as  before. 

If 


Cohmaji's  improvement  ("see  list   No   i  m    ^"  •  .    •  , 
confine  the  lateral  swelling  o/lndiSi  l^i^^TliV^^ 


407 


Experimena  with  one  of  Col™™..  , 
-er  C  ,„o„e,  ,o.,.  6  i.oho,  It"^  J  af,»f»S'»»' 

Q  Q  3 
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Tons  pressure. 
0 

i  - 

1 

1*  - 

2 

2*  • 


Without  the  confining  rings. 
Inches  Length. 

6       -  S 

-  -  -  - 

-  5 

-  4i  - 

-  -      4J     -  - 


With  the  2  confining  rings. 
Inches  length. 

-  6 

-  -  5\i 

-  51 

-  -  51 

-  -  54 


The  next  form  of  these  springs  is  R.  Eaton's  (see  fg.  408 ;  and  list,  Nos.  28, 29).  This 
spring  seems  to  be  peculiarly  adapted  to  use  where  a  powerful  spring,  acting  through 
a  small  space,  and  taking  little  room,  is  required  as  for  use  in  mining  ropes  and  chains, 
(see  Safety  Cages)  ;  iron  ropes,  for  ship-rigging,  for  engine-springs,  station  buffers, 
and  powerful  draw -springs.  Eaton's  main  idea  is  the  use  of  lamina;  of  Indian-rubber, 
of  a  maximum  thicltness  of  ^  an  inch,  with  dividing  plates,  as  in  Lacey's  and  Fuller's, 
which  avoids  the  objections  stated  above,  by  supporting  the  Indian-rubber  at  smaller 

408 


liiflirii^T 


intervals ;  for  springs,  where  great  power  is  wanted  in  little  compass,  and  to  act 
through  short  distances, — as  in  engine  bearing- springs,  lifting  springs,  and  some  kinds 
of  draw-springs, — this  form  proves  to  be  well  suited.  We  give  below  the  result  of  one 
such  spring  of  the  following  dimensions  :  the  spring  was  built  up  of  24  laminae,  ^  of 
inch  thick,  inches  square,  with  a  thin  iron  plate  between  each,  and  a  hole  of  one 
inch  diameter  for  the  guide  rod  through  all ;  this,  and  several  of  the  other  experiments 
were  made  in  a  press  of  great  delicacy  and  power,  constructed  for  Messrs.  Geo. 
Spencer  and  Co.,  for  the  purpose  of  testing  such  springs,  at  their  oface,  in  Camion 
Street  West,  London  (see  Proving  Machines). 


Experiment. 


Tons. 
0  - 


1.0 
2.0 
3.0 
4.0 
.-j.O 
6.0 
7.0 
8.0 
9.0 
10.0 


Length  including  plates.' 
Area  of  spring,  19  square  inches. 

'4 

-  7v 


'T3 

4 

n 


Hodqe's  componnd  spring  (No.  13)  is  designed  to  obviate  the  frequent  breakage 
of  The  steel  springs  on  locomotive  engines.  Fig.  409  shows  one  of  these  sprmgs; 
a  b  ock  of  Indian-rubber  is  placed  on  each  end  of  the  steel  spring,  or  is  suspended 
under  the  engine  frame ;  they  are  in  use  on  several  of  the  English  railways,  and  are 

"  Sco^'s'^^^^^^^^^^^^  ^4),  consists  in  the  use  of  blocks  of  Indian- 

rubbei  or^cones,^  plaS  over  the  centre  of  spring ;  they  are  to  obviate  the  danger  of 
overload^L  carria^^^  and  trucks,  a  frequent  source  of  danger  to  the  springs,  and  are 
made  S  ?ake  the  whole  load  in  case  of  a  spring  breaking:  tl^f 7  "'"e  ' 
made  to  taKe       J' "    ,      Eailwav,  Eastern  Counties,  Bombay  and  Baroda,  and 
l^t^lTLSl't^Ji^t^f^^^^  applications  of  Indian-rubb^^^  to 

carriages  to  wheel  tyres,  to  the  bosses  of  wheels,  to  shackle  pins,  and  to  tiic  axle. 
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Bridges'  Patent. — (See  list,  No.  ^Q,fig.  411.)  This  inventor  proposes  to  use  Spencer's 
cones  in  blocks  of  wood,  instead  of  iron  confining  rings.  A  series  of  them  are  enclosed  in 
a  case  formed  in  the  side  timbers  of  the  underframe  of  the  railway  truck  or  carriage ; 


the  cup  space  is  formed  in  the  block  of  wood,  as  our  figure  shows,  and  no  guide  rods 
are  required :  the  same  prmciple  is  applied  to  draw  and  bearing  springs.    The  advan- 


410 


411 


effect;  they  are  said 


a^Txerr^RSays'      "^^^  --^^--^^  on  the  South  Western 


and  Bristol 


Q  Q  4 
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In  1847,  Mr.  De  Berguc  patented  some  improvements  in  the  application  of  Fuller's 
spring  to  huller,  bearing,  and  draw  springs  for  rail\\;|iy  uses. 

Mr.  Fuller's  patent.— Tho  applications  for  common  road  carriages,  patented  by  Mr. 
Fuller  of  Bucklersbury  in  1852  and  1855,  have  been  extensively  used,  both  in  the 
form  of  cylindrical  rings  acting  by  compression  and  also  of  suspension  springs  for 
lighter  kinds  of  vehicles. 

Respecting  these  springs,  fgs.  412,  413,  we  have  been  furnished  by  the  patentee 
with  the  following  particulars  :  — 

The  form  generally  used  for  heavy  purposes,  such  as  drays,  vans,  waggons,  &c., 
consists  of  a  series  of  rings  of  cylindrical  or  circular  form, -working  on  a  perpendicular 
rod  or  spindle,  on  each  side  the  axle,  with  the  usual  separating  plates  or  washers ;  the 
depth  and  diameter  of  the  rings  being  regulated  by  the  weight  to  be  sustained  and  the 
speed  required. 

During  the  late  war,  these  springs  were  introduced  by  Mr.  Fuller  to  the  notice  of 
the  Go /ernment  authorities  at  the  Royal  Arsenal,  Woolwich,  and  were  in  consequence 
extensively  adopted  for  all  kinds  of  military  carriages,  store  waggons,  ammunition 
waggons,  &c.  They  are  also  applied  in  the  suspensory  form  for  the  medical  cars  and 
ambulance  waggons  for  the  wounded,  for  which  purposes  the  use  of  Indian-rubber  on 
the  principle  of  extension  is  found  to  produce  the  easiest  and  most  satisfactory  spring 
hitherto  discovered. 

When  the  material  is  used  as  a  suspension  spring,  the  most  advantageous  form  for 
the  purpose  is  found  to  be  round  cord  of  the  best  and  purest  quality,  prepared  by 
solvents,  and  about  j  or  |  inch  diameter. 

A  continuous  length  of  such  cord  is  wound  at  a  considerable  tension  over  the  ends 
of  two  metal  sockets  or  rollers,  in  shape  something  resembling  a  cotton  reel,  and 
whilst  in  a  state  of  tension,  bound  at  each  end  with  strong  tape  or  other  suitable 
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binding  ;  the  number  of  cords  composing  the  spring,  varying  from  10  to  20,  30,  or  40, 
according  to  the  strength  required. 

Another  important  adaptation  of  Indian-rubber  by  Mr.  Fuller,  is  that  of  anchor 
springs,  towing  ropes,  and  springs  for  the  recoil  of  guns  and  mortars. 

During  the  Russian  war,  about  120  mortar  boats  were  constructed  of  light  draught, 
each  carrying  a  13-inch  mortar  on  a  revolving  pivot  and  platform  in  the  centre  of 
deck.  It  was  considered  desirable,  if  possible,  to  diminish  the  shock  produced  by  the 
tremendous  recoil  of  such  heavy  artillery  on  the  deck  of  small  vessels,  and  after  a 
series  of  trials  at  Shoeburyness,  which  proved  perfectly  satisfactory,  the  plan  was 
adopted  of  mounting  each  platform  upon  twenty  powerful  rings  of  Indian-rubber,  the 
united  force  of  which,  at  1  inch  deflexion,  would  resist  about  400  tons.  The  perform- 
ance of  these  mortar  vessels  at  Sweaborg,  the  Black  Sea,  and  also  subsequently  m 
China,  has  been  highly  satisfactory  ;  the  intervention  of  this  elastic  material  bemg 
found 'effectually  to  preserve  the  timbers  of  the  vessel. 

The  application  to  towing  ropes  and  anchor  cables,  has  not  yet  been  tried  to  an 
extent  sufficient  to  test  its  merits ;  but  it  is  universally  admitted  by  engineers  and 
practical  men,  that  a  powerful  spring  adapted  to  the  chain  cables  of  vessels  when  ridmg 
at  anchor  (acting  on  the  principle  of  the  buffer  and  draw-sprmgs)  would  often  prove  ot 
invaluable  service  in  preventing  the  parting  of  the  cable  and  its  disastrous  results. 

In  the  list  of  patents,  we  have  indicated  the  nature  of  several  other  uuprove- 
ments,  which,  being  merely  variations  of  the  more  important  ones,  we  do  not  dweU  on 

^^I'upport  for  railway  chairs.— Several  proposals  have  been  devised  to  this  end,  and  a 
numberof  plans  are  given  in  Cotena;.'.  patent,  1852.  He  places  the  M.an-rubber 
under  the  chair,  between  the  chair  and  rail,  between  the  rail  and  sleeper.  The  plan 
has  been  only  partially  tried,  but  the  proposer  is  vei7  sangume  that  the  plan  wiu 
prove  useful. 
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Wheel  tyres. —  Fig.  414  shows  an  important  application  to  the 
tyres  of  wheels  for  railway  purposes.  A  thin  band  of  Indian- 
rubber  is  inserted  between  the  tyre  and  spoke  ring,  by  first  cover- 
ing it  with  a  thin  plate  of  iron,  to  protect  the  Indian-rubber  while 
the  hot  tyre  is  put  on,  when  the  wheel  is  instantly  thrown  into 
water  and  cooled.  This  has  been  severely  tested  for  some  time,  and 
found  to  answer  very  well ;  the  advantage  gained,  is  the  saving  in 
the  breaking  and  wear  of  the  tyres. 

For  windows.  ■ — •  Small  ropes  of  Indian-rubber  are  inserted  in 
grooves  at  each  side  of  the  window,  and  so  stop  out  draught  and 
prevent  noise. 

For  steam-hammer  Set/*.— A  plate  of  Indian-rubber  |  thick,  is  placed  under  the 
bed  of  the  hammer ;  the  effect  is  greatly  to  dimmish  the  transmission  of  shocks  to  the 
buildmg,  and  to  cheapen  the  foundation  :  as  an  instance  of  useful  application,  we  may 
state,  that  at  Messrs.  Kansome  and  May's  works,  at  Ipswich,  the  working  of  the  steam- 
hammer  shook  the  building  and  windows  to  an  alarming  extent;  but  the  insertion 
ot  blocks  of  vulcanised  rubber  under  the  anvil,  almost  entirely  obviated  these  effects 

Joints  between  engines  and  tenders.— Messrs.  Lund,  Spencer,  and  Fenton,  have  also 
introduced  the  use  of  rings  of  this  material  to  form  a  joint  between  the  locomotive 
and  tender  {fig.  415).     They  are  extensively  used,  and  entirely  prevent  the  leakage 
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much  used  by  all  our  large TnSne  rake'r?"'  ^''^''''^  '°  '''''       ""'^ ^'^^ 

wet and'Ts  uTedr|et'  Th^  IS  aTe'  S'in'" ?,  f'"  — 

best  are  made  by  alterLe  laveil  of  Hn.^^^  ''''^  strengths,  and  the 

also  imported  from  America  ^  ""^"^  ^ery  good  tubes  are 

compound,  is  used  (patent  No  j  n     T^^^    •  .    • ^«  Hodge's 

beil^s=:\o1hfvrriot^';r;o^^^  -  the  composition 

resist  the  effect  of  heat  others  of  til  ^       applied;  some  being  made  to 

become  an  important  element  n  the  co^^^^^^^  '^'^ ''""^y       ^^ich  has 

enumerated.  commercial  adaptations  of  the  various  inventions 


VI.  SOLARISATION  OF  CAOUTCnouc. 


^:.Ss^  :e  ^^j^^^-'  p-baMe  that 

action,  ,t  may  yet  be  found  to  have  othermodffi.^Ho  ^  ''^l  '''^^^^'^m^e  to  chemical 
practical  men  most  conversant  witrthis  subTfnn.p  ^  i  P','"  ^""^  ^^'uable.  The 
successful  manufactures,  record  their  oS  cti^n  ff  t""^^l  involved  with  patents  and 

Mr.  Hancock  says,  "In  my  early  progress,  I  found  that  some  of  the  rubbe.  I 
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employed  was  very  quickly  decomposed  -when  exposed  to  the  sun :  as  the  heat  was 
never  more  than  90°,  and  rubber  exposed  to  a  nj^ucli  higher  temperature  was  not 
injured  by  it,  I  suspected  that  light  had  some  effect  in  producing  this  mischief.  To 
ascertain  this,  I  cut  two  square  pieces  from  a  piece  of  white  rubber,  one  of  these 
I  coloured  black,  and  exposed  it  to  the  sun's  rays  ;  in  a  short  time,  the  piece  which 
had  been  left  white,  wasted  away,  and  the  sharp  angles  disappeared,  it  seemed  like  the 
shape  of  a  thin  piece  of  soap  after  use  ;  the  blackened  piece  was  not  at  all  altered  or 
affected.    The  lesson  taught  me  by  this  experiment  was  of  great  value  ever  after." 

Speaking  of  the  annoyances  and  failures  in  the  early  Macintosh  goods  by  heat, 
grease,  &c.,  Mr.  Hancock  says,  "  The  injurious  effect  of  the  sun's  rays  upon  thin  lilms 
of  rubber  we  discovered  and  provided  against  before  much  damage  accrued." 

Mr.  Goodyear  says,  "  In  anticipation  of  the  future  as  relates  to  a  mode  of  treatment 
in  manufacture,  which,  though  lightly  esteemed  and  little  thought  of  now,  I  believe 
will  be  extensively  practised  hereafter,  I  feel  bound  to  make  a  strong  though  qualified 
claim  to  the  process  of  solarisation.  This  process  consists  in  exposing  caoutchouc, 
when  combined  with  sulphur,  to  the  sun's  rays."  Again,  "  when  exposed  to  the  sun's 
rays  for  several  hours,  a  change  is  produced  which  may  be  called  natural  vulcanisation, 
in  all  thin  fabrics  or  thin  sheets  of  caoutchouc."  "  Solarisation  is  an  effectual  and  cheap 
process  of  curing  Indian-rubber."  He  further  says,  "  it  is  well  established  that  Indian- 
rubber  melted  at  about  200°,  and  in  the  sun's  rays  at  100°  or  less.  Another  effect  yet 
more  remarkable  in  the  treatment  of  gum  elastic,  is  that  of  the  sun's  rays  upon  it  when 
combined  with  sulphur  and  exposed  to  the  sun,  either  in  hot  weather  or  cold,  it  becomes 
solarised,  or  divested  of  its  adhesive  quality  ;  whereas,  no  other  kind  of  light  or  heat 
has  any  similar  effect,  until  the  high  degree  of  heat  is  applied  to  it,  about  270°,  which 
is  used  in  vulcanising." — Goodyear,  p.  114,  vol.  i.  New  Haven,  U.  S. 


VII.  Trade  Applications  of  Vulcanised  Indian-Rubber. 

Macintosh  and  Hancock  give  the  following  descriptions  of  their  trade  quality,  to 
guide  practical  men;  other  manufacturers  may  also  have  similar  scales  of  rubber. 

A  quality  is  the  most  elastic,  it  weighs  about  60  lbs.  per  cubic  foot,  or  j'gth  of  a  lb. 
■per  cubic  inch  (this  is  understood  to  mean  pure  sulphur  and  caoutchouc,  all  other 
qualities  are  mixtures). 

D  quality,  weighs  82lbs.  per  cubic  foot,  or  ^  of  a  lb.  to  1  cubic  inch. 

E  quality,  more  elastic  than  d,  weighs  about  92  lbs.  to  the  cubic  foot,  or  of  a  lb. 
to  1  cubic  inch. 

F.  c.  Fibrous  compound,  used  for  flange  washers,  valves,  and  pump-buckets,  weight 
^'jth  of  a  lb.  per  cubic  inch. 

'  Many  applications  of  caoutchouc  can  only  he  named.  Surgical  apparatus,  and 
remedial  adaptations  for  hospital  purposes,  would  alone  occupy  great  space  :  to  call 
attention  to  the  various  ingenious  contrivances,  other  information  and  specialities 
may  be  referred  to  the  heads  of  Indian-rubber  and  vulcanite,  or  hard  rubber,  vulca- 
nisation, hose  pipes,  pontoons,  life-preserving  apparatus,  shoes,  waterproof  fabrics, 
washers  for  joints,  valves  for  engines  and  pumps,  elastic,  endless,  and  driving  bands. 
For  hot  and  cold  water  valves  this  substance  has  been  one  of  the  most  valuable  appli- 
cations to  ocean  steamers  for  many  years. 

The  old  mode  of  thread  making  is  now  entirely  obsolete,  having  given  way  to  a 
new  one  rendered  necessary  by  the  introduction  of  vulcanised  Indian- rubber,  which 
now,  for  the  purpose  of  thread  cutting,  is  always  produced  in  the  sheet  by  the  spreading 
process  before  described,  and  of  a  thickness  exactly  agreemg  with  the  widths  of  the 
thread  to  be  cut;  that  is,  if  No.  28  be  required,  which  means,  if  28  of  the  threads  were 
nlaced  side  by  side  they  would  measure  one  inch  ;  then  the  sheet  is  spread  j'jlh  ot  an 
inch  in  thickness,  and  consequently  when  28  are  cut  out  of  the  inch,  square  threads, 
ie.  threads  with  a  rectangular  section,  are  produced.  The  sheets  are  wound  upon 
rollers,  which  are  then  fixed  on  centres  in  the  lathe,  and  by  means  of  a  slide  rest  and  a 
suitable  knife,  sUces  of  the  sheet  are  cut  off,  varying  m  thickness  from  ^^th  of  an  inch 
to  .Uh  of  an  nch;  and  one  of  the  greatest  advantages  of  the  vulcanised  thread  is  the 
^•eTt  length  that  can  be  cut;  from\  sheet  of  rubber  wound  upon  a  ^["^d.^^ 
If  feet  or  yards  may  be  cut  at  once  into  one  continuous  thread  whereas  from  the  bottles 
the Tent  hs  were  short,  had  to  be  joined,  and  differed  in  quality  from  each  othev 

Vulcanised  thread  is  covered  with  silk  and  cotton  ;  both  are  wound  round  t ;  the 
vulcanised  Aread  is  considerably  more  elastic  than  the  native  thread  cut  from  bottles 
r  sheets  .  Belts  and  bandages  made  from  the  vulcanised  thread  are  very  superior  to 
the  old  sort,  now  completely  obsolete.  ,  , 

The  vulcanised  rubber  thread  has  lately  been  inti-oduced  into  the  J»^C;^"'Yon^e  t^ 
by  Messrs.  Bonnet  and  Co.,  Manchester;  the  thread  used  ^J/^J^^f 
supersede  the  use  of  the  weights  commonly  employed,  the  number  of  .Uiich  som. 
times  amounts  to  from  two  to  three  thousand  in  one  loom. 
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In  preceding  editions,  the  names  of  Hancock  and  Goodyear  were  scarcely  mentioned, 
yet  for  tMrty-six  years  Mr.  Hancock  has  laboured  to  make  a  manufacture.  For  many 
years  Messrs.  Hancock  and  Macintosh  were  alone  in  the  trade,  indeed  until  Macintosh's 
patent  ceased,  when  the  trade  widened.  His  first  patent  was  dated  1820,  and  the  mas- 
ticating machine  was  the  foundation  of  the  manufacture.  Mr.  Goodyear  had  his 
attention  drawn  to  the  subject  by  the  manufacture  of  gum  elastic  in  the  United 
States,  about  1831-2.  Both  ha-ve  contributed  to  the  literature  of  the  art,  (mingled 
with  personal  narratives,  and  trade  affairs,)  and  it  is  presumed  that  had  the  late  Dr. 
Ure  had  their  practical  works  before  him,  eulogistic  mention  would  have  been  offered 
for  past  neglect.*  Both  gentlemen's  patents  arc  being  worked  by  other  men,  and  of 
the  value  of  their  processes,  and  the  trade,  some  idea  may  be  entertained  when  "  The 
Scientific  American  "  recently,  while  opposing  the  renewal  of  the  terms  for  certain 
patents  about  to  expire,  gives  the  estimate  of  worth  at  2,000,000  dollars  for  Chauffee's 
patents,  and  Goodyear's  several  patents  are  set  at  20,000,000  dollars.  It  is  probable 
that  the  trade  was  not  a  really  profitable  one  in  America  until  about  1850  Of  the 
value  of  the  works  in  England  and  France  of  caoutchouc  applications  no  adequate 
data  appears.  Ot  the  facts  involved  in  some  of  these  patents,  we  may  quote  Mr 
Hancock  s  words  p.  106.  "  I  think  I  might  venture  to  state,  not  boastfully,  but  as  a 
naatter  of  fact,  that  there  is  not  to  this  day,  1856,  any  document  extant,  (includinff 
those  referred  to  m  it,)  which  contains  so  much  information  upon  the  manufacture 
and  vulcanisation  of  rubber,  as  is  contained  in  this  specification.  If  any  of  mv 
readers  he  goes  on  to  say,  "  can  point  out  such  a  document,  I  shall  feel  obliged  if 
they  will  inform  me  of  It."    This  is  the  patent  of  1843 

J^Lr"7"^  '^r  i'-''  °f  ^r'''^'^"  Hancock,  on  the  treatment 

and  applications  of  Indian-rubber:   ">."iciii 

To  Articles  of  Dress  ... 
„  Pitch  and  Tar  -       -       .  . 
„  Leather,  by  Liquid    -       -  . 
»       „       ,,  Solution 
„  Ropes  and  Cordage  -       .  . 
„  Ornaments,  &c.  by  Liquid  - 
„  Expanding  Cushions  -       -  . 
„  Dough  Waterproofing 
„  Dough  Sheets  .... 

Vulcanizing     -       -       -  . 
„  Obtaining  Forms  by  Moulds,  &c. 
„  Converting  Applications  - 
„  Printing  .  _ 

„  Vulcanised  Solutions         -       .  ^^^^ 
Mr.  Hancock  gives  the  following  Table,  compiled  from  official  sourceT 
Jmport^Indian  Ruhler  into  tUe  United  Kingdom  for  the  Years  1842  to  1855,  inclusive. 


April  28,  1820. 
Mar.  22,  1823. 
Nov,  29,  1824. 
Mar.  15,  1825. 
Mar.  15,  1825. 
Aug.  5,  1830, 
June  4,  1835, 
April  18,  1837. 
Jan.  23,  1838.^ 
21,  1843. 

18,  1846. 

19,  1846. 
2,  1847. 

30,  1847. 


Nov, 
Mar. 
Nov. 
Nov. 
Dec 


Year. 


1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 

Total  - 


East  Indies. 

United  States. 

lbs. 

lbs.  • 

42,112 

33,936 

7,504 

17,024 

13,664 

1,232 

1,568 

55,552 

13,776 

2,576 

45,472 

62,608 

32,480 

61,488 

66,864 

181,888 

356,472 

391,216 

21,392 

663,936 

277,200 

940,128 

284,928 

2,623,936 

950,880 

Brazil, 


lbs. 
222,432 
306,320 
422,576 
329,952 
440,272 
630,336 
417,200 
515,760 
668,304 
1,237,936 
1,435,056 
1,143,520 
1,660,960 
2,395,344 


11,825,968 


Java. 


lbs. 

27,664 
2,240 

224 
11,760 
6,608 
8,400 
35,504 
191,968 
293,888 
77,280 
184,912 
203,304 


Elsewhere. 


lbs. 

18,704 
784 
10,416 
9,416 
54,096 
1,120 
2,016 
9,968 
55,328 
31,472 
110,768 
307,104 
302,848 
1,166,032 


Total. 


1,060,752  2,080,064 


lbs. 
317,184 
359,296 
448,896 
340,592 
551,712 
659,568 
471,296 
596,736 
858,104 
1,710,128 
2,195,984 
1,940,512 
3,089,856 
5,006,736 


18,541,600 
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In  1856  -we  imported  Caoutchouc  from  the  following  places  .  


Hanse  Towns  - 
Holland   -       -  . 
West  coast  of  Africa 
United  States  - 
Brazil 

British  East  Indies  ■ 
Other  parts 


and  caoutchouc  manufactures  : — 


Cwt^ 

Computed  real  value. 

387 

456 

1519 

306 

392 

2744 

-  18,268 

-  127,876 

o,o4a 

-  28,231 

305 

1287 

28,765 

163,421 

9831 

-  £  1475 

352,434 

-  52,865 

322,652 

-  48,398 

180,290 

-  27,044 

6375 

956 

Hanse  Towns  - 
France      -       -  - 
United  States 
British  North  America 
Other  parts 

Caoutchouc  is  admitted  duty  free ;  the  manufactures  paying  a  duty  of  4rf.  per  pound. 
Of  caoutchouc  manufactures,  we  exported  in  1856  — 

English  manufacture,  entered  at  value       -       -       -    £  66,488 
Foreign  and  colonial  produce  and  manufacture,  entered 

by  weight   112,256  Ihs. 

T.  J.  P. 

CAPERS.  The  Capparis  spinosa,  the  flower  buds  of  which  constitute  the  capers 
of  the  shops.  Their  quality  depends  exclusively  upon  the  age  at  which  they  are 
gathered,  the  smallest  and  youngest  being  the  most  delicate  and  the  dearest;  and  the 
largest,  the  coarsest  and  cheapest.  The  buds  are  plucked  before  they  open,  and 
thrown  into  strong  vinegar,  slightly  salted,  where  they  are  pickled.  The  crop  of  each 
day  is  added  to  the  same  vinegar  tub,  so  that  in  the  course  of  the  six  months  during 
which  the  caper  shrub  flowers,  the  vessel  gets  filled,  and  is  sold  to  persons  who  sort 
the  capers  by  means  of  copper  sieves.  This  metal  is  attacked  by  the  acid,  wherefrom 
the  fruit  acquires  a  green  colour,  much  admired  by  ignorant  connoisseurs.  About 
60,000  lbs.  a  year  are  consumed  in  this  country. 

The  capsules  of  the  caper  spurge,  Euphorbia  lathjris,  are  sometimes  pickled  as  a 
substitute  for  capers  ;  but  although  the  acid  destroys  some  of  the  acrid  properties, 
the  free  use  of  them  is  dangerous. — Pereira. 

We  imported,  in  1856,  Capers,  including  the  pickle,  73,691  lbs. 

CAPILLAIRE.  Originally  a  kind  of  syrup,  extracted  from  maiden-hair.  The 
term  is  now  applied  to  a  finely  clarified  simple  syrup,  which  is  made  chiefly  with  orange- 
flower  water. 

C  APNOMORE.  (C'H^-O^  [?])  One  of  the  substances  discovered  by  Reichenbach 
in  wood-tar.  It  appears  to  be  a  product  of  the  metamorphosis  of  creosote  under  the 
influence  of  heat,  or  of  the  alkalies  or  alkaline  earths.  It  has  not  been  sufficiently 
examined  to  allow  of  its  formula  being  considered  as  established.  The  above  formula 
is  founded  on  the  analysis  of  M.  Voelckel.  When  those  oils  from  wood  tar  which  are 
heavier  than  water  are  treated  with  a  strong  potash  lye,  creosote  and  capnomore 
dissolve.  Pure  capnomore  is  not  soluble  in  potash,  but  it  appears  to  dissolve  owing 
to  the  presence  of  creosote.  When  the  alkaline  solution  is  distilled,  the  capnomore 
comes  over  (Voelckel).  It  is  more  probable  that  the  capnomore,  instead  of  dissolving 
imder  the  influence  of  the  creosote,  and  subsequently  distilling  over  with  the  water, 
is,  in  fact,  produced  by  a  decomposition  of  the  creosote,  for  I  have  found  that  if  the 
latter  be  long  boiled  with  potash  lye,  it  gradually  diminishes  in  quantity,  and  finally 
almost  disappears.  . 

The  density  of  capnomore  is  0-995.  It  boils  between  350°  and  400°.  This  varia- 
tion of  the  boiling  point  is  indicative  of  a  mixture. — 0.  G.  W. 

CAPRYLAMINE.  (C'H"' N.)  A  volatile  base  obtained  by  Squire,  and  also  by 
Cahours,  by  acting  on  ammonia  with  iodide  of  capryle.  It  is  homologous  with  methy- 
lamine,  &c.— C.G.W.  ^  ,  ^,  . 

CAPSTAN.  {Cuhestan,  Fr.;  Spille,  Germ.)  A  machme  whereon  the  cable  :s 
wound  successively  in  weighing  the  anchor  of  a  vessel.  It  is  a  species  of  wheel  and 
axle  •  the  axle  being  vertical,  and  pierced  with  holes  near  its  top  for  the  insert^n  of 
the  ends  of  horizontal  levers,  called  handspikes,  which  represent  the  wheel.  These 
are  turned  by  the  force  of  men  moving  in  a  circle.  The  power  applied  to  the  lever 
is  to  the  resistance  to  be  overcome,  (the  weight  of  the  anchor,  for  example  )  when  lie 
forces  are  in  cquilibrio,  as  the  radius  of  the  cylinder  round  which  the  cable  is  coiled 
is  to  the  circumference  described  by  the  power.    It  is  manifest  that  the  radius  ot  the 
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axle  must  be  augmented  in  this  computation  by  half  the  diameter  of  the  cable,  which 
is  supposed  to  lie  always  one  coil  thick  upon  it.  The  force  of  a  man,  thus  applied, 
has  been  commonly  estimated  as  equal  to  the  traction  of  27  pounds  hanging  over  a 
pulley.  Friction  being  so  variable  a  quantity  in  capstans,  renders  the  exact  calcula- 
tion of  its  mechanical  effect  somewhat  uncertain.  A  stout  man,  stationed  near  the 
■  bottom  of  the  axle,  holds  fast  the  loose  part  of  the  cable,  -which  has  already  made  two 
or  three  turns ;  and,  being  aided  by  its  friction  upon  the  wood,  he  both  prevents  it 
from  slipping  backwards,  and  uncoils  each  turn  as  it  is  progressively  made. 

Mr.  Hindmarsh,  of  Newcastle,  obtained  a  patent,  in  February,  1827,  for  a  con- 
trivance to  enable  a  capstan  or  windlass  to  be  occasionally  worked  with  increased 
mechanical  advantage.  With  this  view,  he  placed  toothed  wheel-work,  partly  in  the 
drum-head  of  the  capstan,  and  partly  in  the  upper  part  of  the  barrel,  upon  which  the 
cable  is  coiled  and  uncoiled  in  successive  portions. 

The  drum-head,  and  also  the  barrel,  turn  loosely  upon  a  central  spindle,  independent 
of  each  other,  and  are  connected  together  either  by  the  toothed  gear,  or  by  bolts.  On 
raising  or  withdrawing  the  connecting  pinion  from  the  toothed  wheels,  and  then 
locking  the  drum-head  and  barrel  together,  the  capstan  works  with  a  power  equal 
only  to  that  exerted  by  the  men  at  the  capstan-bars,  as  an  ordinary  capstan  ;  but  on 
lowering  the  pinion  into  gear  with  the  wheel-work,  and  withdrawing  the  bolts  which 
locked  the  drum-head  to  the  barrel,  the  power  exerted  by  the  men  becomes  increased 
in  proportion  to  the  diameter  and  number  of  teeth  in  the  wheels  and  pinions. 

Fig.  417  is  the  external  appearance  of  this  capstan.  Fig.  416  a  horizontal  view  of 
the  toothed  gear  at  the  top  of  the  barrel.  The  barrel,  with  the  whelps  a  a,  turn 
loosely  upon  a  vertical  spindle  fixed  into  the  deck  of  the  vessel. 
The  drum-head  b  also  turns  loosely  upon  the  same  spindle. 
The  circular  frame  c  c,  in  fig.  416,  in  which  the  axes  of  the 
toothed  wheels  d  d  d  are  mounted,  is  fixed  to  the  central 
spindle.  The  rim  e  e  e,  with  internal  teeth,  is  made  fast  to  the 
top  of  the  barrel,  and  the  pinion  /,  which  slides  upon  the 
spindle,  is  connected  to  the  drum-head. 

When  it  is  intended  to  work  the  capstan  with  ordinary 
power,  the  pinion /is  raised  up  into  the  recess  of  the  drum- 
head, by  means  of  a  screw  g,  fig.  417,  which  throws  it  out  of  417 
gear  with  the  toothed  wheels,  and  it  is  then  locked  up  by  a  pin 
z  :  the  bolts  h  h  are  now  introduced,  for  the  purpose  of  fasten- 
ing the  drum-head  and  barrel  together,  when  it  becomes  an 
ordinary  capstan. 

But  when  it  is  required  that  the  same  number  of  men  shall 
exert  a  greater  power,  the  bolts  /(  are  withdrawn,  and  the 
pmion  /  lowered  into  gear  with  the  toothed  wheels.  The 
rotation  of  the  drum-head,  then  carrying  the  pinion  round, 
causes  it  to  drive  the  toothed  wheels  ddd;  and  these  working 
into  the  toothed  rim  e  e,  attached  to  the  barrel,  cause  the  barrel 
to  revolve  with  an  increasing  power. 

Thus,  under  particular  circumstances,  a  smaller  number  of 
men  at  the  capstan  or  windlass  (which  is  to  be  constructed 
upon  the  same  principle)  will  be  enabled  to  haul  in  the  cable 

7^''P  °5 T''.^'  ^'^'''^         important  object  to  be  effected. 
f   I-  1  -P  ot)ta'°ed  a  patent  for  certain  improvements  in  capstans  a 

KadfpSon:'"''"    ^''"''^^  ''''  '^"^^  f  ""^"P'^'  slightly  varied 

James  Brown  ship-rigger,  in  his  capstan,  patented  in  1833,  instead  of  applvinethe 
moving  power  by  handspikes,  having  fixed  two  "PPiymgtne 
rims  of  teeth  round  the  top  of  the  capstan,  acts 
upon  them  by  a  rotatory  worm,  or  pinions  turned 
by  a  wmch. 

Fig.  418  is  an  elevation  of  this  capstan,  and  fig. 
419  IS  a  horizontal  top  view,  a  is  an  upright  shaft 
faxed  firmly  to  the  deck,  serving  as  an  axle  round 
which  the  body  of  the  capstan  revolves.  A  frame  c 
fixed  to  the  top  of  a  stationary  shaft  a,  above  the 
body  of  the  capstan,  carries  the  driving  apparatus. 
_  The  upper  part  of  the  body  of  the  capstan  has  a 
ring  of  oblique  teeth  d  formed  round  its  edge  :  and 
above  this,  on  the  top  of  the  capstan,  is  a  rin-  of  •  ■ 

bevel  teeth  e.    A  horizontal  shaft  /,  mounted  in  the  ton  frimo  r  h.. 
endless  screw,  which  takes  into  the  teeth  of  the  rin     '  ' 


a  worm  or 


-  7    V-  \Jl  in  \Jl 

ig  d;  and  a  short  axle  y,  having 
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its  bearings  in  the  central  shaft  a,  and  in  the  frame  c,  carries  a  bevel  pinion,  -whieb 
takes  into  the  bevel  teeth  of  the  ring  e.  ^ 

The  bearings  of  the  shaft  /,  in  the  top  frame,  are  in  long  slots,  with  angular 
returns,  something  like  the  fastening  of  a  bayonet,  which 
is  for  the  purpose  of  enabling  the  shaft  to  be  readily  lifted 
in  and  out  of  gear  with  the  teeth  of  the  ring  d :  the  outer 
bearing  of  the  axle  g  of  the  bevel  pinion  is  also  supported 
in  the  frame  c,  in  a  similar  way,  in  order  to  put  it  in  and  out 
of  gear  with  the  teeth  of  the  bevel  ring  e.  A  mode  of 
shifting  :  these  is  essential ;  because  the  two  toothed  rings, 
and  their  driving  worm  and  pinion,  give  different  speeds, 
and,  of  course,  cannot  be  both  in  operation  at  the  same 
time. 

The  worm  of  the  shaft  /  being  placed  in  gear  with  the 
teeth  of  the  ring  g,  on  applying  rotatory  power  thereto,  by  means  of  winches 
attached  to  the  ends  of  the  shaft,  the  barrel  or  body  of  the  capstan  will  be  made 
to  revolve  with  a  slow  motion,  but  with  great  power ;  and  thus  two  men  at  the 
winches  will  do  the  same  work  as  many  men  with  capstan  bars  in  the  ordinary 
way. 

If  a  quicker  movement  than  that  of  the  endless  screw  is  desired,  then  the  driving 
power  may  be  applied  by  a  winch  to  the  axle  g  of  the  bevel  pinion,  that  pinion  being 
put  into  gear  with  the  bevel  ring  e,  and  the  endless  screw  withdrawn.  It  should, 
however,  be  here  remarked,  that  the  patentee  proposes  to  employ  two  short  axles  g, 
placed  opposite  to  each  other,  with  bevel  pinions  acting  in  the  bevel-toothed  ring, 
though  only  one  is  shown  in  the  figure  to  avoid  confusion.  He  also  contemplates  a 
modification  of  the  same  contrivance,  in  which  four  short  axles  g,  placed  at  right 
angles,  with  pinions  taking  into  a  bevel  ring,  may  be  employed,  and  made  effective  in 
giving  rotatory  motion  to  the  barrel  of  a  capstan  by  means  of  winches  applied  to  the 
outer  ends  of  the  axle,  and  turned  by  the  labour  of  four  men. 

CAPUT  MORTUUM,  literally,  dead  matter;  a  term  employed  by  the  alchemists 
to  express  the  residuum  of  distillation  or  sublimation,  the  volatile  portions  having 
been  driven  off. 

CARAMEL.  Burnt  or  dried  sugar,  used  for  colouring  spirits  and  gravies.  It  is  a 
black,  porous,  shining  substance,  soluble  in  water,  to  which  it  imparts  a  fine  dark- 
brown  colour.  The  French  are  in  the  habit  of  dissolving  the  sugar,  after  it  has  been 
exposed  for  some  time  to  temperature  sufficiently  high  to  produce  the  proper 
colour,  in  lime-water:  this  is  sold  under  the  name  of  "  colouring." 

CARAT.  The  term  carat  is  said  to  be  derived  from  the  name  of  a  bean,  the  pro- 
duce of  a  species  of  enjthina,  a  native  of  the  district  of  Shangallas  in  Africa,  a  famous 
gold  dust  mart.  The  tree  is  called  huara,  a  word  signifying  sun  in  the  language  of 
the  country,  because  it  bears  flowers  and  fruit  of  a  flame  colour.  As  the  dry  seeds 
of  this  pod  are  always  of  nearly  uniform  weight  the  savages  have  used  them  from 
time  immemorial  to  weigh  gold.  The  beans  were  transported  into  India  at  an 
ancient  period,  and  have  been  long  employed  there  for  weighing  diamonds.  The 
carat  of  the  civilised  world  is,  however,  an  imaginary  weight,  consisting  of  four  nominal 
grains,  a  little  lighter  than  four  grains  troy  {poids  de  marc).  It  requires  74  carat 
Brains  and  -^th  to  equipoise  72  of  the  other.  ^   „  , 

It  is  stated  that  the  karat,  a  weight  used  in  Mecca,  was  borrowed  from  the  Greeks, 
and  was  equal  to  the  24th  of  a  denarius  or  denier. 

The  Encyclopedists  thus  explain  the  carat :— "  The  weight  that  expresses  the  fine- 
ness of  gold  The  whole  mass  of  gold  is  divided  into  24  parts,  and  as  many  24th  parts 
as  it  contains  of  pure  gold  it  is  called  gold  of  so  many  carats.  Thus  gold  of  twenty- 
two  parts  of  pure  metal  is  gold  of  twenty-two  carats.  The  carat  of  Great  Britain  is 
divided  into  four  grains  ;  among  the  Germans  into  12  parts  ;  and  among  the  French 
into  32."    Among  assayers,  even  in  this  country,  the  German  division  of  the  carat  is 

^'^C  AKBOlTcACID.  (C'^H^O^.  S7jn.  Phenic  Acid,  Phenole,  Phemjiic  Alcohol  Hydrate 
of  PJiemile  -)  The  less  volatile  portion  of  the  fluids  produced  by  distillation  of  coal  tar 
contain  considerable  quantities  of  this  substance.  It  may  be  extracted  by  agitation  of 
the  coal  Js  (boiling  between  300°  and  400°)  with  an  alkaline  solution.  The  latter  se- 
parated from"  the  undissolved  portion,  contains  the  carbolic  acid  m  the  state  of  carbola  e 
of  the  alkali.  On  addition  of  a  mineral  acid,  the  phenole  .s  liberated  and  nses  to 
ti  e  surface  in  the  form  of  an  oil.  To  obtain  it  dry,  recourse  must  be  liad  to  d.ges  on 
w^?h  chloride  of  calcium,  followed  by  a  new  rectification.  If  required  pure,  only  that 
Sin  must  be  received  which  boils  at  370°.  If,  instead  of  extracting  the  carbolic 
EZrcoar  boiling  between  300°  and  400°,  a  P-'7„^-'^      J^f '^^^^^^^^^^^^ 

between  400°  and  428°,  and  the  same  treatment  as  before  be  adopted,  the  acid  >vUich 
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passes  over  between  347°  and  349°  will  consist,  not  of  carbolic  acid,  but  of  its  lionio- 
logue,  cresylic  acid,  C'''H''0-.    Commercial  carbolic  acid  is  generally  very  impure. 
Some  specimens  do  not  contain  more  than  50  per  cent,  of  acids  soluble  in  strong 
solution  of  potash.    The  insoluble  portion  contains  naphthaline,  fluid  hydrocarbons, 
and  small  portions  of  chinoline  and  lepidine.    Carbolic  acid,  when  very  pure  and  dry, 
is  quite  solid  and  colourless.    The  crystals  often  remain  solid  up  to  95°,  but  a  trace 
of  water  renders  them  fluid.  Its  specific  gravity  is  1-065.  Carbolic  acid,  when  mixed 
with  lime  and  exposed  to  the  air,  yields  rosolic  acid.    The  lime  acquires  a  rich  red 
colour,  during  the  formation  of  the  acid.    No  means  of  dyeing  reds  permanently  with 
this  substance  have  yet  been  made  known.    Unfortunately,  the  red  tint  appears  to 
require  an  excess  of  base  to  enable  it  to  exist,  consequently  the  carbonic  acid  of  the 
air  destroys  the  colour  (i»r.  Angus  Smith).    I  find  that  homologues  of  carbolic  acid 
exist  which  boil  at  a  temperature  beyond  the  range  of  the  mercurial  thermometer, 
and  that  all  the  acids  above  carbolic  .acid  afford  rosolic  acid,  or  homoloffiies  of  it 
when  treated  with  lime     Creosote  of  commerce  appears  to  consist  of  a  mixture  of 
carbolic  and  cresj-lic  acids    If  only  that  portion  be  received  which  distils  at  the  tem- 
perature given  by  Reichenbach  as  the  boiling  point  of  creosote,  it  will,  if  prepared  from 
coal  oil,  consist  almost  entirely  of  cresylic  acid  (  Williamson  and  Fairlie^     A  snlintpr 
of  deal  wood,  if  dipped  first  in  carbolic  acid  and  then  in  moderately  stron/nitric 
boHc  Srs^CKroso^^^^  ^'^^'^'^  Car- 

CARBON.  {Equivalent  6  ;  hypothetical  density  of  vapour  0-8290 :  combininir 
measure  one  volume.)  Carbon  ex.sts  in  a  considerable  variety  of  forms,  most  of  which 
are  so  unhke  each  other,  that  it  is  not  surprising  the  older  chemi  ts  should  have 
believed  them  to  be  compounds.  The  purest  variety  of  carbon  is  the  diamond  The 
atter  crystalhses  m  octohedrons  and  derived  forms.  The  diamond  doesnnt  nw/if! 
hardness  and  brilliancy  solely  to  its  purity,  for  many  specimTnTof  grihite  conlist  S 
carbon  as  free  from  admixture  as  the  best  diamonds.  The  densitf  of  CTapZe  Ind 
diamond,  however,  is  very  different ;  for  while  the  former  seldom  exceeds^o-S'andt 
often  much  lower,  the  diamond  is  very  constant,  generally  ranging  betwee'n  3  50  and 
3-5o.  Diamonds,  if  perfectly  transparent,  leave  scarce]/  any  residueVhen  biirnt^n 
oxygen  gas.  If  not  clear,  they  yield  from  0  05  to  o-on  Lii  1  ■  Z  ^  „ 
peroxide  of  iron,  but  als^,  containing  tmces  of  siHca  T^^' r2''T^ 
diamonds  is  as  high  as  2-439.  Sir  Isafc  Newton  oh<=Pr^inJ*>,  /''^active  power  of 
bodies  generally  possessed  the  greatest  reffaerive  power^infprS  't''^'^^''^^ 
of  refraction  of  the  diamond,  thlt  it  was  "  a^uCsTody  Jon^i^^^^^  ThftLa  ' 

=rt:eTerblt«^^^ 

g^^s  r^rly  abroach  the  ^^^^.^^^^Z^^^^ 

^:S^S.2^;:s^^;;sLSs°s^ 

preparation  and  other  eircumstances  arf  ^vakab lelorthr'"""."^  *°  ''''  "^"^^  °f 
pencils.    See  Plumbago.  mvaiuable  for  the  manufacture  of  artists' 

A  very  hard  graphite  is  found  linine  the  retorf<!  in        t,  i 
when  cut  into  plates  or  rods,  used  in  gKL  aJmn  '  ml^f        f  V'  = 
inactive  elements  of  batteries  S'^'vaii'c  arrangements,  either  for  the  poles  or  the 

larS^qTanSLTrf fr^lu^e?""  LZtZ'rl  2^  ''f '"^''''"r  P^'^-^"  ^^"^ 
greatly  in  quality  with'the  coal  from  whth  J  f  ^^^^^^^^^^  ft ,  .f  T'T  ^^"^^ 
not  only  with  the  quality  of  the  coal,  but  also  w,>h  "^^''^^  °^  ""^^  ^'^"^^ 

firing  and  the  duration  of  the  operation     Prom  1    to^".4  f/^'  'T'  '■"P^'^''^  °'  '""^ 
of  density  m  gas-cokes  tolerably  free  from  n.h     T       i  J      not  uncommon  range 
1-223  will  have  its  specific  gravity  raised  to  I'-.A  -fi*"^* °^  ^^^^^^7 
removed  by  placing  it^n  watef,  undL  the  receiver  S'the         "  "  '''''''''''' 
Some  varieties  of  coke  such  as  flin=<.  V,.  i      i  •     ,  an-pump. 

a„„,.-Th„c  ^^^^    ^^^^  ^^^^^^^^ 
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those  from  wood,  hones,  and  the  peculiar  substance  found  between  the  layers  of 
certain  pit  coals,  and  known  as  mineral  charcoal.  Ordinary  charcoal  from  wood 
contains  many  substances  besides  carbon,  among  ■(i'liich  may  be  mentioned  oxygen, 
hydrogtn,  traces  of  nitrogen,  and  ashes. 

Bone  charcoal  contains  a  large  quantity  of  earthy  phosphates  and  carbonates, 
besides  other  matters.  The  mineral  charcoal  is  merely  a  scientific  curiosity.  Char- 
coal is  remarkable  for  its  power  of  absorbing  and  oxidising  animal  and  vegetable 
colouring  matters,  also  for  the  property  which  it  possesses  of  absorbing  gases.  The 
bleaching  and  disinfecting  powers  of  charcoal  appear  to  depend  chiefly  on  some 
peculiarity  in  its  structure,  enabling  it  to  condense  oxygen  in  a  manner  somewhat 
resembling  platinum  black. 

Animal  charcoal  is  used  as  a  bleaching  agent  in  the  form  of  coarse  grains  :  when 
once  used,  it  may  be  partially  restored  to  activity  by  rebuming ;  but,  eventually,  it 
becomes  worthless  for  that  purpose,  and  is  then  only  fit  for  conversion  into  super- 
phosphate of  lime  for  manure,  by  the  agency  of  sulphuric  acid.  Where  acid  solutions 
are  to  be  decolorised  by  animal  charcoal,  it  is  necessary  before  use  to  remove  the 
earthy  phosphates,  &c.,  by  digestion  with  hydrochloric  acid.  It  is  essential  that  the 
purifi^ed  charcoal  should  be  washed  with  a  great  quantity  of  water,  in  order  to  remove 
the  acid  and  the  salts  formed  by  its  action.  Advantage  has  been  taken,  by  Dr. 
Stenhouse,  of  the  absorbent  power  of  charcoal,  in  order  to  prevent  danger  arising  from 
putrid  or  offensive  vapours.  For  this  purpose  he  has  contrived  a  charcoal  respirator, 
which  fulfils  its  intended  office  with  remarkable  success.    See  Charcoal. 

For  a  description  of  the  method  of  preparing  the  variety  of  carbon  known  as 
Lamp-Black,  see  Lamp-Black. 

The  description  of  the  charcoal  best  adopted  for  pyrotechnic  purposes  will  be  found 
under  the  head  Gunpowder. 

Carbon  combines  with  several  elements,  forming  in  general  well  marked  and  highly 
important  substances.  Several  of  these  compounds  will  be  found  under  the  heads 
Carbonic  Acid,  Sui-phuret  of  Carbon,  Hydrocarbon,  &c. 

The  quantities  of  charcoal  yielded  by  various  kinds  of  wood  have  been  given  by 
more  than  one  experimenter ;  but  the  results  are  so  widely  different  that  no  great 
value  can  be  attached  to  them.  It  is  evident  that  the  most  extreme  care  would  be 
required  in  selecting  the  various  woods  and  preparing  them  for  analysis,  if  results 
were  desired  capable  of  being  employed  as  standards  for  reference.  Charcoal  is 
extremely  indestructible  under  ordinary  circumstances ;  it  is,  therefore,  usual  to  char 
stakes  or  piles  of  wood,  which  are  to  be  employed  for  supporting  buildings,  or  other 
erections  in  damp  situations. 

It  will  be  seen,  from  what  has  already  been  said,  that  absolutely  pure  carbon  is 
scarcely  to  be  met  with,  even  in  the  diamond.  In  determining  the  atomic  weight  of 
carbon  by  combustion  of  the  diamond  in  oxygen,  according  to  the  method  employed 
by  MM.  Dumas  and  Stas,  it  was  always  necessary  to  determine  and  allow  for  the  ashes 
remaining  after  the  combustion.  The  purest  charcoal  that  can  be  obtained  by  the 
calcination  of  sugar  for  several  hours  at  the  highest  temperature  of  a  powerful  blast 
furnace,  contains  oxygen  and  hydrogen,  the  former  to  the  extent  of  about  |  per  cent, 
and  the  latter  0  2. 

Carbon,  on  uniting  with  sulphur,  forms  the  curious  foetid  volatile  fluid  known  as 
bisulphide  or  sulphuret  of  carbon.  In  constitution  it  resembles  carbonic  acid,  and  it 
may,  in  fact,  be  considered  as  that  gas  in  which  the  oxygen  is  replaced  by  sulphur. 
A  new  gas  has  been  recently  described  by  M.  Baudrimont,  bearing  the  same  relation 
to  carbonic  oxide  that  bisulphide  of  carbon  does  to  carbonic  acid  :  its  formula  there- 
fore is  C  S.  ... 

When  certain  hydrocarbons  are  treated  alternately  with  chlorine  and  alkalies, 
substitution-compounds  are  formed,  in  which  the  hydrogen  in  the  original  substance  is 
replaced  by  chlorine;  thus  defiant  gas  (C^HO,  hy  this  mode  of  operating,  yields  C'Cl'. 
It  is  true  that  this  formula  might  be  written, for  simplicity's  sake,  CCl,  but  such  an 
expression  would  be  incorrect ;  because,  in  the  first  place,  it  would  not  indicate  its 
relation  to  the  parent  substance ;  and,  in  the  next,  it  would  not  correspond  to  the,  at 
present,  almost  universally  received  axiom,  that  an  equivalent  of  an  organic  body  is 
that  quantity  which  is  represented  by  four  volumes  of  vapour. 

A  bromide  of  carbon  exists  ;  its  mode  of  formation  appears  to  be  of  a  somewhat 
similar  character  to  the  chloride,  for  it  is  sometimes  found  in  commercial  bromine 
which  has  been  prepared  with  the  agency  of  ether.  See  Bromine.  It  is  doubtless 
formed  by  the  gradual  replacement,  by  bromine,  of  the  hydrogen  in  the  ethyle.— 
C  G  W 

CARBON,  BISULPHIDE  OP  (formerly  Carburet  of  Stilphttr  or  Sul^jhiiret 
of  Carbon),  also  called  by  the  elder  chemists  the  Alcohol  of  Sulphur;  a  limpid 
volatile  liquid  possessing  a  penetrating  fuotid  smell  and  an  acrid  burning  taste. 
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Bisulphide  of  carbon  is  prepared  by  distilling,  in  a  porcelain  retort,  from  pyrites, 
the  bisulphide  (bisulphuret)  of  iron,  with  a  fourth  of  its  weight  of  well  dried  char- 
coal, both  in  a  state  of  fine  powder  and  intimately  mixed.  The  vapour  from  the 
retort  is  conducted  to  the  bottom  of  a  bottle  filled  with  cold  water  to  condense  it. 
The  equivalent  of  the  bisulphide  of  carbon  is  38 ;  its  formula  CS^. 

The  bisulphide  of  carbon  is  insoluble  in  water,  but  it  is  soluble  in  alcohol.  It 
dissolves  sulphur,  phosphorus,  and  iodine.  The  solution  of  phosphorus  in  this  liquid 
has  been  employed  for  electrotyping  very  delicate  objects,  such  as  grasses,  flowers, 
feathers,  &c.  Any  of  these  are  dipped  into  the  solution  :  by  a  short  exposure  in  the  air 
the  bisulphide  of  carbon  evaporates  and  leaves  a  film  of  phosphorus  on  the  surfaces ; 
they  are  then  dipped  into  nitrate  of  silver,  by  which  silver  is  precipitated  in  an 
exceedingly  minute  film,  xipon  which,  by  the  electrotype  process,  any  thickness  of 
silver,  gold,  or  copper  can  be  deposited.  If  a  few  drops  of  the  bisulphide  of  carbon 
are  put  into  a  solution  of  the  cyanide  of  silver,  from  which  the  metal  is  being  deposited 
by  the  electroplating  process,  it  covers  the  article  quite  brightly,  whereas  \?ithout  the 
bisulphide,  the  precipitated  metal  would  be  dull.    See  Electrotype.  ' 

CARBONATES.  By  this  term  is  understood  the  salts  formed  "by  the  union  of 
carbonic  acid  with  bases. 

The  carbonates  are  among  the  most  valuable  of  the  salts,  whether  we  reeard 
their  physical,  geological,  chemical,  or  technical  interest.     Were  limestone  and 
marble  the  only  carbonates  familiarly  known,  they  would  be  sufficient  to  stamp  this 
class  of  salts  as  among  the  most  important.    The  carbonates  of  lime  potash  soda 
ammonia,  and  lead  are  articles  of  immense  importance  to  the  technoloo-ist  and  are 
prepared  on  a  vast  scale  for  various  purposes  in  the  arts.   The  carbonates  of  iron  and 
copper  are  the  most  valued  ones  of  those  metals.    Numerous  processes  of  separation 
m  analysis  are  founded  on  the  various  de,i;rees  of  solubility  in  water  and  certain 
reagents  of  the  different  carbonates.    By  taking  advantage  of  this  fact,  bama 
strontia,  and  lime,  may  be  separated  from  magnesia  and  the  alkalies.    There  are  few 
analytical  problems  which  have  attracted  more  attention  than  the  accurate  detei^ 
mination  of  he  carbonic  acid  in  the  carbonates.    This  has  partly  arisen  fmm  the 
frequency  w,th  which  the  potashes,  soda  ashes,  limestone,  and  other  carbonates  of 
commerce,  are  sent  to  chemists  for  analysis.    The  number  of  instruments  contrived 
for  the  purpose  is  some  hmg  extraordinary,  especially  when  the  simplicity  and  ease 
of  the  operation  is  considered.    Among  them  all,  there  is  none  more  conven  ent  or 
easy  to  use  than  that  of  Parnell.    "  It  consists  of  a  glass  flask  (/?r420)  of  abonr  wo 
ounces'  capacity,  fitted  with  a  sound  cork,  through  which  two  tubf s  pass  LeZLZl 
to  connect  a  chloride-of-calcium  tube,  a,  while  the  other  b  will  T 
A  small  test-tube,  c,  is  so  placed  in  the  flask  and  is      '  '  ''''''^'^  ^''''""^y- 

ot  such  a  size,  that  it  cannot  fall  down,  but  its  con- 
tents may  be  made  to  flow  out  by  inclining  the 
apparatus  to  one  side.  To  perform  the  experiment 
a  weighed  quantity  of  the  carbonate  is  placed  in' 
the  flask,  and  water  added  up  to  the  level  seen  in 
the  figure;  the  test-tube  is  then  filled  nearly  to  the 
top  with  concentrated  sulphuric  acid,  and  is  care- 
fully lowered  juto  the  flask  ;  the  cork  with  the 
tubes  attached  is  then  affixed,  the  aperture  b  beine 
closed  with  a  small  cork.  The  whole  apparatus  is 
now  carefully  weighed  ;  the  flask  is  then  to  be  in- 
clined so  as  to  allow  some  of  the  acid  to  flow  out 
and,  when  the  eff'ervescence  has  subsided,  a  little 
more,  and  so  on  until  no  more  carbonic  acid  is 
evolved  The  f^ask  is  now  to  be  so  inclined  as  to 
cause  the  whole  of  the  acid  to  mingle  with  the 
aqueous  fluid,  and  thus  cause  a  considerable  rise  of 
emperature  ;  this  expels  the  carbonic  acid  from  the 
ITfl  '  I  atmosphere  of  the  latter  gas  fills 

the  flask.  It  must  be  removed  and  replaced  by  ali- 
as the  difference  in  density  of  the  two  is  vp,-,.7.     • ,     , , 

cork  A  is  removed  and  ai^  is  s;:ked  out  of  J  un"tii  ut'^-  ^"^'^  P"'-'^°«-' 

acid;  the  flask  is  then  allowed  to  hecon^e  itfeX cl^JTf^! 'f''''  °^  ^^••^""io 
replaced,  U  is  then  re-weighed  =  the  ditferenL  tl' wTiJh^i\ftL^°tu^;  of 

someti—-"'        ■    -    '    ""ui  or 
moistui 

is  too  minute  to  effect  oTdinarTexperiZnT^tT''/''''  T°   .  "...  iue  in« 

nnantitv  of  Zl'^r.'""^?.'-     "»"st  not  be  neglected  who're,  from  the 


420 


carbonic  acid  in  the  specimen.  On  drawing  air  for  some  tL^.^  ^^' 
It  begins  slowly  to  acquire  weight,  arising  from  the  •    [""^'^  apparatus, 

absorbed  by  the  chloride  of  calcium,  and  al  hou-h  thi  atmosphere  being 

is  too  minute  to  effect  ordinnv^  .i:.""^''  ''^e  error  introduced  by  this  means 


Vol  I  '  flask  being  Ji^ited, 


R  It 


or  nth^^   ""<.ie,  irom  the 

or  other  causes,  a  small  diflPerence 
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bas  an  important  bearing  on  the  result.  In  this  latter  case  another  cliloride-of-cal- 
ciiiin  tube  is  to  be  attaclied  to  the  aperture  b,  and  the  air  must  be  drawn  through 
by  means  of  a  suction-tube  applied  at  (l."  —  C.  G.  W.  s  Chemical  Manipulation. 

The  commercial  value  of  the  carbonates  of  potash  and  soda  may  equally  -well 
be  determined  by  ascertaining  the  quantity  of  dilute  sulphuric  acid  required  to 
neutralise  them.— C.  G.  W. 

CARBONIC  ACID.  (Equivalent,  22.  CO'^.)  A  compound  of  carbon  and  oxygen. 
The  formula  of  carbonic  acid  as  generally  received  is  CO-,  but  such  an  expression  is 
doubtless  incorrect.  In  the  first  place,  there  are  several  good  reasons  for  supposing 
carbonic  acid  to  be  bibasic.  If,  moreover,  we  must  have  some  definition  of  an 
equivalent,  and  the  necessity  for  some  rule  on  the  subject  is  obvious,  we  can  find 
none  so  convenient,  so  much  in  harmony  with  chemical  phenomena  generally,  as 
that  which  insists  on  the  universality  of  four-volume  formulEB  for  the  compounds  of 
carbon,  or,  in  other  words,  organic  substances.  Of  course  this  rule  assumes  the 
adoption  of  the  atomic  weights  commonly  employed  in  this  country.  In  this  case 
carbonic  oxide  becomes  represented  by  C^0=  and  carbonic  acid  by  C'-^O*.  Never- 
theless, for  all  the  purposes  of  chemistry,  as  applied  to  "  arts,  manufactures,  and 
mines,"  it  will  be  sufficient  to  represent  the  carbonates  by  the  older  and  better  known 
formula.— C.  G.  W. 

Carbonic  acid  is  destitute  of  colour,  has  a  sour  smell  and  an  acidulous  pungent 
taste  ;  it  imparts  to  moist,  but  not  dry,  litmus-paper  a  transient  reddish  tint,  and 
■weighs,  per  1 00  cubic  inches,  47' 19  grains,  and  per  cubic  foot,  81.5-44  grains,  a  little  more 
than  Sf'oz.  avoirdupois.  It  may  be  condensed  into  the  liquid  state  by  a  pressure  of 
40  atmospheres ;  and  this  liquid  may  then  be  solidified  by  its  own  sudden  spon- 
taneous evaporation.  If  air  contains  more  than  15  per  cent,  in  bulk  of  this  gas,  it 
becomes  unfit  for  respiration  and  combustion,  animal  life  and  burning  bodies  being 
speedily  extinguished  by  it.  •  .  ■,• 

Carbonic  acid  is  constantly  given  off  by  animals  durmg  respiration ;  and  ordi- 
nary combustion  being  the  combination  of  carbon  with  oxygen,  this  acid  is  formed 
in  enormous  quantities  in  all  our  manufactories  and  by  our  ordinary  fires. 

Carbonic  acid  is  consequently  continually  being  poured  into  the  air.  The  purity  of 
the  atmosphere  is,  however,  maintained  by  the  action  of  the  vegetable  world,  all 
plants  removing  carbonic  acid  from  the  air,  and,  under  the  influence  of  light,  decom- 
posing it  again  into  carbon,  which  goes  to  the  formation  of  wood,  and  oxygen,  which 
is  given  out  to  the  atmosphere. 

Notwitbstanduio'  this  beautiful  provision  of  Nature,  we  find  carbonic  acid  accumu- 
lating in  caverns"  deep  wells,  and  long-closed  cellars,  rendering  them  dangerous. 
This  gas  being  much  denser  than  common  air,  can  be  pumped  out  of  any  place  con- 
taining it  Milk  of  lime— quicklime  mixed  with  water— may  be  used  with  advantage 
to  purify  the  air  of  a  sunk  apartment,  by  its  afiinity  for,  or  power  of  absorbing  this 

^^In\he'natural  condition  of  the  atmosphere,  from  4  to  6  volumes  of  carbonic  acid 
exists  in  every  10,000  volumes  of  air.  This  acid  gives  the  fresh  and  pleasant  taste  to 
spring-water  and  to  all  fermented  drinks.  „ 

aiany  springs  are  very  highly  charged  with  this  acid,  and  fo''^.  ^  «Pa  klmg 
beverage,  as  Seltzer  water  (Seltcrswasser)  and  the  like.  Large  quantities  of  smilar 
w-ater  f,^  made  artificially  in  this  country,  and  sold  under  the  names  of  Soda  Water, 
Aerated  Water,  &c  — See  "  Ure's  Dictionary  of  Chemistry.  •    .  p 

CA  RBONIC  OXIDE.  CEouivalent  U.  CO.)  Carbomc  acid  is  readily  deprived  of 
half  its  oxy  gen  at  a  red  beat  by  a  variety  of  substances,  and  so  reduced  to  carbonic 

""^This  -as  is  presumed  to  contain  two  volumes  of  carbonic  vapour  and  one  volume 

^''Ti?f;J'^«  ^^'ll.r't:'::^".!:? tarbnnculus  of  the  ancients,  a  term  P-^bably  also 
applied  to  the  sp 
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called  because  cut  and  polished  at  Alabanda.  Hence  the  name  Almandine  now  in 
use.  Pliny  describes  vessels  of  the  capacity  of  a  pint  formed  from  carbuncles,  'non 
claros  ac  plcrumque  sordidos  ac  semper  fulgoris  horridi,'  devoid  of  lustre  and  beauty 
ot  colour,  — which  probably  were  large  common  garnets."  —  Dma. 

CARBO-HYDRIDE,  commonly  HYDROCARBON.  A  term  used  to  denote 
those  bodies  which  consist  of  carbon  and  hydrogen  only.  The  number  of  hydro- 
carbons now  known  is  very  great,  and  the  list  is  increasing  everv  day.  They 
were  very  httle  understood  until  lately,  but  so  much  has  now  been'done  that  the 
anomahes  and  difficulties  attending  their  history  are  rapidly  disappearing.  Although 
W^JT  bodies  is,  as  has  been  said,  very  considerable,  they  are  de- 

iived  from  a  few  great  families.    The  principal  are  the  following :  — 

Homologues  of  Olefiant  gas. 

„  Methyle. 

„  Marsh  gas. 

„  Benzole. 

Naphthaline. 
Isomers  of  Turpentine. 

aWe!td  5rSbtiSic'^fheS'""^'°"  '"'^^^^^^^       '^'^  ^'"P-'-* 

It  IS  curious  that  the  destructive  distillation  of  organic  matters  is,  of  all  operations 
the  most  fi-uitful  source  of  these  bodies.  Coal  yields  a  great  number  the  nature 
varying  with  the  temperature.  When  ordinary  coals  are  distilleraTvery  hlh  tern 
pera  ures,  as  m  the  production  of  gas,  hydrocarbons  belonging  trthe  S  fou^ 
families  are  produced,  and  also  a  considerable  quantity  of  napMhalin^  but  when  on 
the  other  hand,  they  are  distilled  at  as  low  a  heat  as  is  compadb  e  wi?h  theiJ  t^orou^h 
decomposition,  they  yield  fluid  hydrocarbons,  principally  belongiW  t?  the  fir  t  two 
classes,  accompanied,  however,  by  a  considerable  quantity  of  paraffins     The  homo 

^^^ittMu'tJ'z.r^ri  Lucrb  'ir'  '--^^{p^^^:^ ^z^. 

of  theirdeWvafivt     TK    1,'      >  ^  Cahours,  and  Hofmann  in  the  study 

tion    n  crseiuence  Jf  th^f  attracted  considerable  attend 

uiuu,  m  consequence  ot  the  successful  isolation,  by  MM.  Frankland  nnrl  TfnlKo  r.t 

xuose  at  present  known  are  contained  in  the  following  Table :— 
 q/-  the  Physical  Properties  of  the  Benzole  Series. 


Name. 


rSenzole 
Toluole 
Xylole  - 
Cumole 
Cymole 


Formula. 


CI2H" 

C'sH'2 
C-»Hi^ 


Boiling 
Point. 


176° 

230 

259 

298 

347 


Specific 
Gravity. 


Specific  Gravity  of  Vapour. 


0-850 
0-870 


0-861 


Experiment. 

2-  77 

3-  26 

3-  96 

4-  65 


Theory. 

2-  699 

3-  183 

3-  668 

4-  150 
4-636 


alludTdt  '^llf  Se'rydrri&?^^^^  *,^-fore,  be  further 

treated  with  various  reagents.  Cfi  s/ treating  thl°">?"  of  dei-ivatives,  when 
to  obtain  nitro-compounds,  that  is  to  sav  the  oLin.?  T  .   '"'""^  ^^''l'  as 

lent  of  hydrogen  is  replaced  by  h^p^o^  fric  ^^^^^^^^^ 

are  produced.    When  treated  wifh  sulX  le  of  o  ^^'■""gly  odorous  oils 

these  oils  become  reduced,  and  ylld  a  ,Jr  Protacetate  of  iron, 

bases  or  alkaloids,  these  are  aniline  toh^wLl  TJ^^  '"''^^  of  volatile  organic 
Mr.  Barlow  has  shown  that  specSpreclit"  'ar^n       '  '''"'^  '^J'^^dine! 

m to  nitrocymole,  preparatory  to  th!  ZTa^Z  oUhTTZ',  cymole 
acted  on  too  violently  by  nitric  acid  to  allow  of  the  nt  '  '=3'm.d.ne.  Cymole  is 
unless  the  precaution  is  taken  of  cooling  hi  acid  and  h  i  ^^.""^  f«™ed, 
freezing  mixture,  before  allowing  them  to  -^^0^0^  p.^^  hydrocarbon,  by  means  of  a 
when  well  formed,  may  be  reduced  in  tL       •  ^^e  nitro-compound 

lately  acquired  special' im%"fanel  in  conseqt"7  ofrr"  ,  -•kane;'^ 
Perkins  has  succeeded  in  producing  from  "he,,,  '^"^  ^^'"^l^'e  dyes  that  Mr! 

Paraffineisasolid  hydrocarbon  of  greaynterest ,  it  is  W  both  in  wood  and 
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coal  tar.  When  coal  is  distilled  for  the  purpose  of  producing  gas,  the  temperature  is 
so  high  as  to  be  unfavourable  for  its  production,  and  consequently  mere  traces  only- 
are  found  in  ordinary  coal  tar.  But  if  any  kind  ol»coal  be  distilled  at  the  lowest 
possible  temperature,  not  only  is  the  resulting  naphtha  of  much  lower  density  than 
that  produced  in  the  ordinary  manner,  but  considerable  quantities  of  paraHine  are 
found  in  the  distillate.  The  last-mentioned  substance  is  every  day  becoming  more 
important,  in  consequence  of  the  valuable  illuminating  properties  that  have  been 
found  to  belong  to  it.  Colourless,  inodorous,  hard  at  all  moderate  temjieratures,  it 
forms  the  most  elegant  material  for  candles  yet  discovered.    See  Paraffine. 

Modern  researches  have  shown  that  the  hydrocarbons  generally  are  formed  on  one, 
type,  viz.,  hydrogen.  Assuming  hydrogen  in  the  free  state  to  be  a  double  molecule, 
HH,  the  hydrocarbons  are  formed  by  the  substitutiim  of  one  or  two  equivalents  of  a 
positive  or  negative  radical  for  one  or  two  of  the  equivalents  of  hydrogen ;  thus 

methyle,  the  formula  of  which  (for  four  volumes)  is  q2^3   or  C^H",  is  hydrogen  in 

which  both  equivalents  are  reflected  by  methyle.  defiant  gas  is  hydrogen  in  which 
one  equivalent  is  replaced  by  the  negative  radical  acetyle,  or  vinyle,  and  so  on. 

There  is  one  large  class  of  hydrocarbons  the  rational  formulae  for  which  are  not 
known,  and  which  will  probably  remain  in  this  condition  for  some  time.  We  allude 
to  the  numerous  essential  oils  isomeric  with  oil  of  turpentine.  Many  of  these  have 
almost  the  same  boiling  point  and  precisely  the  same  vapour  density  as  their  type; 
but  in  odour,  fluidity,  density  in  the  liquid  state,  and  various  other  minor  points, 
are  essentially  different.  The  following  Table  exhibits  some  of  their  physical  pro- 
perties : — 

Table  of  the  Physical  Properties  of  some  Isomers  of  Oil  of  Turpentine. 


Name. 


Formula. 


Boiling 
Point. 


Specific 
Gravity. 


Specific  Gravity  of 
Vapour. 


Oil  of  turpentine     -       -  - 

„    athamanta     -       -  - 

„    bergamot      .       -  - 

„    birch  tar      -       -  - 

Caoutchine     -       -       -  - 

Oil  of  carui,  or  caruene  - 

„    lemon  -       -       -  - 

„    copaiva         -       -  - 

„    cubebs  -       -       -  - 

„    elemi    -       -       -  - 

„    juniper-       -       -  - 

Terebric  oil  accompanymg  oil  of 

gaultheria    -       -       -  - 

Terebric  oil  in  clove  oil  - 
„     pepper  - 

„        „    balsam  of  tolu  - 

oil  of  valerian  - 


Q10  JJI6 

Q20  JJ16 
IJI6 

C20 


O 

322 

32.5-4 

361-4 

313-0 

338-0 

343-4 

343-4 

473-0 

490  0 

345-2 

320-0 

320-0 

483-8 
332-0 
320-0 
320-0 


Experiment.  Tlieory, 


0  864 
0-843 
0-869 
0-847 
0-842 

0-8514 
0-878 
0  929 
0-849 


0-9016 

0-864 

0-837 


4-764 


5-28 
4-46 

4-87 


4-92 

4-73 
4-60 


4-706 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

do. 

do. 
do. 
do. 
do. 


An  inspection  of  the  above  Table  will  show  that  while,  beyond  doubt,  a  great 
number  of  essential  oils  are  truly  isomeric  with  turpentine,  there  are  some  the  con- 
stitution of  which  is  by  no  means  well  established.  ,        v       •  -i 

The  above  account  of  some  of  the  more  prominent  hydrocarbons  is  necessarily 
brief  and  imperfect ;  partly  because  the  limits  of  this  work  preclude  the  possibility  ot 
entering  minutely  into  the  details  of  their  history,  and  partly  because  many  of  them 
are  described  at  greater  length  in  other  articles,  especially  under  Naphtha.— Or.  v\  . 

CARBURETTED  HYDROGEN.  A  compound  of  carbon  and  hydrogen,  tsee 
Coal  Gas,  and  consult  Ure's  Dictionarij  of  Chemistry. 

CARD  CARDBOARD,  called  also  pasteboard,  from  the  circumstance  that 
several  sheets  of  paper  are  pasted  together  to  form  the  board  or  card,  which  is  then 
subjected  to  very  great  pressure  between  rollers.     ,  ^    _ .    ^.  ,  .  „„«c;ct<= 

A  patent  machine  for  cutting  cards  was  invented  by  Mr.  Dickmson.  It  consists 
of  a  pair  of  rollers  with  circular  revolving  cutters,  the  edges  of  which  are  intended  to 
act  against  each  other  as  circular  shears;  and  the  pasteboards,  m  passing  between 
these  rollers,  are  cut  by  the  circular  shears  into  cards  of  the  required  dimension^ 
These  rollers  are  mounted  in  suitable  standards  with  proper  adjustments,  and  aie 
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made  to  revolve  by  a  band  and  pulley  connected  to  the  axle  of  a  crank,  or  by  any 

convenient  means.    Fig.  421  is  a  front  view  of  this  machine  :  a  a  and  b  b  are  the  two 

rollers,    the  upper  one 

turning    upon    an  ex- 

tended  axle,  bearing  in 

the  standards,  the  lower 

one  upon  pivots.  These 

rollers  are  formed  by  a 

series  of  circular  blocks, 

between  a  series  of  cir- 
cular steel  cutters,  -which 

ai'e  slidden  on  to  iron 

shafts,  and  held  together 

upon  their  axle  by  nuts 

screwed  up  at  their  ends. 

The  accurate  adjustment 
of  the  cutters  is  of  the 
first  importance  to  their 
correct  performance;  it  is 
therefore  found  necessary 
to  introduce  spiral  springs 
■within  the  blocks,  in 
order  to  press  the  cutters 
up  to  their  proper  bear- 
ings.   A  section  of  one 

of  the  blocks  is  shown  at  — ■   , 

^Jf.  422,  and  an  end  view  of  the  same  at /?«  49^  w^t, +t,„     •  i 
At  the  outer  extremity  of  the  a^e  IftL  toIlVr    .  ^''""^ 
a  band  passes  to  a  pulley  rf,  on  the  Lnk  sLffi  to  wf,"  P'a     f  ^'^^"^e 
the  purpose  of  rendering  thractk>runiform    '^^^^^'^"^  ^  ^P"^^^^  f,  is  affixed,for 
crank  shaft,  the  upper  roll  r  s  tSd  "1^10 wer  iX'^:."^^^^^  ^iven  to  the 

the  friction  against  the  edges  of  the  cutters  '^"""^ 

board  to  bear  against,  which  stopl  aSble  t„  svit  '^^^  "^''^^  P^^'^" 

part  of  this  frame  an  arm  h,  extends  the^xtrim  tv  o^  different  sizes.  From  the  back 
of  a  ratchet  wheel  i,  fixed  arthe  end  of  t  Wo^^^^  7  ''^  'Against  the  periphery 
round,  the  frame  is  made  to  ise  and  fa^uJon  it  niv^tr  f  ""T"'  -ller  goes 

the  pasteboard  up  to  the  cutters;  at  th  ?ame  L^a  r^d  rJ'P"^"?'  ^"'"^'^^ 
the  sules  of  the  standards  (shown  by  dots  in /zH^n  f^lli  '  ^^ms  from 

confines  it,  while  the  cutters  take  hold  and  rack fntrii'  Pasteboard, 
of  the  rollers,  are  placed  as  at  /  /,  by  means  of  wUh  t^^^^^  indentations 
out  of  the  grooves.  '  ^       ^  °*  ^^'"^  *^<^  cards,  when  cut,  are  pushed 

As  various  widths  of  cards  will  rpmiiro  t«         ^  i.  • 
poses  to  have  several  pairs  ofTo  e's'^^^^^^^^  leM^'f."*^'  'I'  P^^^'^*^^  P^°- 

the  standards,  in  preference  to  sMfting  ScS  eutter.  ^  ^/'^  "^^^^^^  in 
greater  or  less  width.  ^       uicuiar  cutteis,  and  mtroducing  blocks  of 

th/st:L1o1eEfo  malTp^L"^^^^^^^^^  P^P--  and  pressing 

which  the  paper  is  to  be  wou.fd  along  tith  a  nast  io°\'°°''f '  °^  on 

Damped  paper  is  to  be  wound  upon       reelf  and  Zn  '  f  "//"''^'"'■y  ^^^shes. 
other  reels.    Two  fluted  rollers  reZ^  in  tC^T  r'^V'^'^ '^^"'^^  "^'^r  t^o 
circular  brushes;  by  these  brushes  the  pap^^rs  a^e  J^  supply  paste  to  two 

pressed  together  by  rollers  to  make  tTe'^  pasXarS- ^nT'^  .T"  T  '"^^'^^^  t^en 
drawn  on  to  a  table,  and  it  remains  there  ultil  S--  ^-'  ^  Pasteboard  is 

other  rollers,  by  which  it  is  subiecttd  to  t^P  T  '"''^"<^°tly  dry  to  be  wound  unon 
<^"^"l«"ed  by  the  „se  of  porcelain!cty  wh  Je  ZTTi  ^T^""'''    ^""'^^       glazed  or 

CARDS  CCardes,Fr.;  Karden  fwl  >       •  ' ''"'^  ^'^''^'trate  of  bismu  ^ 
.he  fibres  of  wool,  cotton  ofoS  at  "g  uTbST^    ""'"^^  disentangle 
of  fleece,  and  thereby  prepare  them  fit.  k  •  *°  arrange  them  in  auordpX  i„ 

ness  and  the  levelneJs  of  the  yarn  as  U"-  tr."'"  thr<^ads  ThT'^i^P 

enters,  depend  as  much  on  thi  regularhv  and  tlf  T'^  °/  <='°t'^  i"to  which 
subsequent  operations  of  the  facto?v     •  L     P^  of  the  carding  as  unon  . 

that  of  the  cards  than  upon  ty  aUen  iJr^"  sk  ^-'di^'g  depefd  uTeVp^J 

nearly  an  automatic  process,  ^ol....^ ^^Z:^ S^^^ 
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Cards  are  formed  of  a  sheet  or  fillet  of  leather  pierced  -with  a  multitude  of  small 
holes,  in  which  are  implanted  small  staples  of  wire  with  bent  projecting  ends  called 
teeth.  Thus  every  piece  of  wire  is  double  toothed,  ^'iie  leather  is  afterwards  applied 
to  a  flat  or  cylindrical  surface  of  wood  or  metal,  and  the  co-operation  of  two  or  more 
such  surfaces  constitutes  a  card.  The  teeth  of  cards  are  made  thicker  or  slenderer, 
according  as  the  filaments  to  he  carded  are  coarser  or  finer,  stiffer  or  more  pliant, 
more  valuable  or  cheaper.  It  is  obviously  of  great  importance  that  the  teeth  should 
be  all  alike,  equably  distributed,  and  equally  inclined  over  the  surface  of  the  leather 
a  degree  of  precision  which  is  scarcely  possible  with  handwork.  To  judge  of  the 
difficulty  of  this  manipulation,  we  need  only  inspect  the  annexed  figures,  425,  426.  The 
wire  must  first  be  bent  at  right  angles  in  c  and  (/,  fiy.  427,  then  each  branch  must  receive 
a  second  bend  at  a  and  i  at  a  determinate  obtuse  angle,  invariable  for  each  system  of 
cards.  It  is  indispensable  that  the  two  angles  c a  e  and  d  b /be mathematically  equal, 
not  only  as  to  the  twin  teeth  of  one  staple,  but  through  the  whole  series  :  for  it  is  easy 
to  see  that  if  one  of  the  teeth  be  more  or  less  sloped  than  its  fellow,  it  will  lay  hold  of 
more  or  less  wool  than  it,  and  render  the  carding  irregular.  But  though  the  perfect 
regularity  of  the  teeth  be  important,  it  is  not  the  sole  condition  towards  making  a  good 
card.  It  must  be  always  kept  in  view  that  these  teeth  are  to  be  implanted  by  pairs 
in  a  piece  of  leather,  and  kept  in  it  by  the  cross  part  c  d.  The  leather  must  therefore 
be  pierced  with  twin  holes  at  the  distance  c  d:  and  pierced  in  such  a  manner  that  the 
slope  of  the  holes,  in  reference  to  the  plane  of  the  leather,  be  invariably  the  same  ;  for 
otherwise  the  length  of  the  teeth  would  vary  with  this  angle  of  incUnation,  and  the 
card  would  be  irregular. 

A  third  condition  essential  towards  producing  perfect  regularity,  is  that  the  leather 
ought  to  be  of  the  same  thickness  throughout  its  whole  surface,  otherwise  the  teeth, 
though  of  the  same  length  and  fixed  at  the  same  angle,  would  be  rendered  unequal  by 
the  different  thicknesses  of  the  leather,  and  the  operation  of  carding  would  be  in 

425  427  426 


a,  s»  -J-   a  ^ 


consequence  extremely  defective.  Fig.  425  shows  the  card-teeth  acting  against 
each  other,  as  indicated  by  the  arrows  in  two  opposite  directions ;  in  fiy.  426  they 
work  one  waj'. 

Of  late  years  very  complex  but  complete  and  well-acting  machines  have  been  con- 
structed for  splitting  the  leather  or  equalising  it  by  shaving,  for  bending  and  cutting 
the  wires,  and  implanting  them  in  the  leather,  into  holes  pierced  with  perfect  regu- 
larity. Card  machines  which  fashion  the  teeth  with  great  precision  and  rapidity,  and 
pierce  the  leather,  have  been  for  a  considerable  time  in  use  at  Halifax,  in  Yorkshire,  a 
town  famous  for  the  excellence  of  its  card-cloth,  as  also  Leeds,  Glasgow,  and  several 
other  places.  The  wires  and  the  leather  thus  prepared  are  given  out  by  the  manufac- 
turer to  women  and  children,  who  put  them  together. 

The  simplest  machine  for  equalising  the  leather  which  can  be  employed,  is  that  of 
MM.  Scrive  of  Lille,  where  the  leather  is  drawn  forwards  by  a  roller  over  a  solid 
horizontal  table,  or  bed,  and  passed  under  a  nicely  adjusted  vertical  blade,  which 
shaves  it  by  a  scraping  motion  to  a  perfectly  uniform  thickness.  About  one-half  the 
weight  of  the  leather  is  lost  in  this  process  and  in  the  subsequent  squaring  and 

^'^'Tmachine  for  making  cards,  invented  by  a  Mr.  Ellis  of  the  United  States,  for 
which  a  first  patent  was  obtained  in  this  country  by  Joseph  Cheeseborough  Dyer,  Esq., 
of  Manchester,  in  1811,  and  a  second  and  third  with  further  improvements  in  1814 
and  1824,  is  one  of  the  most  elegant  automatons  ever  applied  to  productive  mdustry. 
It  is  however  necessarily  so  complicated  with  different  mechanisms  as  to  render  it.-; 
representation  impracticable  in  such  engravings  as  are  compatible  with  the  scope  of 
this  dictionary.    The  following  general  description  of  its  constituent  parts  must  there- 

^°  The  first  thing  to  be  done  after  having,  as  above,  prepared  the  long  sheets  or  fillets 
of  leather  of  suitable  length,  breadth,  and  thickness,  for  making  the  cards,  is  to  stretch 
the  leather,  and  hold  it  firmly  ;  which  is  accomplished  by  winding  the  fillet  of  leailier 
upon  the  roller  or  drum,  like  the  warp  roller  of  a  loom,  and  then  conducting  it  up- 
wards, between  guide  rollers,  to  a  receiving  or  work  roller  at  the  top  of  the  macliine, 
where  the  fillet  is  held  fast  by  a  cramp,  by  which  means  the  leatlier  is  kept  stretched. 
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Secondly,  the  holes  are  iilerced  iu  the  leather  to  receive  the  wire  staples  or  teeth  of 
the  card,  by  means  of  a  sliding  fork,  the  points  of  which  are  presented  to  the  face  of 
the  leather  ;  while  the  fork  is  made  to  advance  and  recede  continually,  by  the  agency 
of  levers  worked  by  rotatory  cams  upon  a  revolving  main  shaft. 

The  points  of  the  fork  being  thus  made  to  penetrate  into  the  leather,  the  holes  for 
receiving  the  staples  are  pierced,  at  regular  distances  and  in  correct  order,  by  shifting 
the  leather  fillet  so  as  to  bring  different  parts  of  its  surface  opposite  to  the  points  of 
the  sliding  fork.  This  is  done  by  cams,  or  indented  wheels  and  gear,  which  shift 
the  guide  rollers  and  confining  drums  laterally,  as  they  revolve,  and  consequently 
move  the  fillet  of  leather  at  intervals  a  short  distance,  so  as  to  present  to  the  points 
of  the  fork  or  piercer  at  every  movement,  a  different  part  of  the  surface  of  the 
leather. 

Thirdly,  the  wire  of  which  the  teeth  or  points  of  the  card  are  to  be  made,  is  supplied 
from  a  coil  on  the  side  of  the  machine,  and  is  brought  forward  at  intervals,  by  a 
pair  of  sliding  pincers,  which  are  slidden  to  and  fro  through  the  agency  of  levers 
actuated  by  rotatory  cams  upon  the  main  shaft.  The  pincers  having  advanced  a 
distance  equal  to  the  length  of  wire  intended  to  form  one  staple,  or  two  points,  this 
length  ofwire  is  pressed  upon  exactly  in  the  middle  by  asquare  piece  of  steel,  and  beino- 
there  confined,  a  cutter  is  brought  forward,  which  cuts  it  off  from  that  part  of  the  wire 
held  in  the  pincers. 

The  length  of  wire  thus  separated  and  confined  is  now,  by  a  movement  of  the 
machme,  bent  up  along  the  sides  of  the  square  steel  holder,  and  shaped  to  three  edges 
ct  the  square,  that  is,  formed  as  a  staple ;  and  in  the  same  way,  by  the  continued 
movements  of  the  machine,  a  succession  of  pieces  ofwire  are  cut  off,  and  bent  into 
staples  for  making  the  teeth  of  the  card  as  long  as  the  mechanism  is  kept  in  action. 

t  ourthly,  the  wire  staple  thus  formed  is  held  with  its  points  or  ends  outwards,  closely 
contiguous  to  the  forked  piercer  described  above,  and  by  another  movement  of  the  me- 
chanism the  staple  is  protruded  forward,  its  end  entering  in  the  two  holes  made 
previously  in  the  leather  by  sliding  of  the  fork. 

While  the  wire  staple  is  being  thus  introduced  into  the  leather,  its  legs  or  points  are 

^1,-  •  r  '    t  ^'^^    ^''^^  °^  ^"g^*^'  is  the  fifth  object  to  be  effected. 

Ihis  IS  done  by  means  of  a  small  apparatus  consisting  of  a  bar  or  bed,  which  bears  up 
against  the  under  side  of  the  wire  staple  when  it  has  been  passed  half-way  into  the 

lalV^l  f      '  ^1°'^  ^^T     ^^'""^  ^^'"g  ^"•°"ght  down  behind  the 

pl?h  W     A    T'    '  '•^s'f  to  the  angle  required  ;  that  is,  forms  the  knee  in 

ati^fonipttrtt  oTerarn.'^'^"^'       ''''''''  ''^'^ 

The  leather  being  thus  conducted,  and  its  position  shifted  before  the  piercer  nro- 
gressively.  a  succession  of  the  above-described  operations  of  cutting  the  wire  form  W 
the  staple  passing  it  into  the  leather,  and  bending  its  legs  to  the  angular  form!  proXce! 

oth.r  fih,  '      °f  "^',^'°T  ^'^1^'°^^'^  f"'-  '^'^''^S  or  combbg  wool,  coUon  and 

other  fibrous  materials.    It  may  be  necessary  to  add,  that  as  these  wire  stknles  are  re 
quired  to  be  set  in  the  leathers,  sometimes  in  lines  cr'ossing  the  sheet  wh  chfs  called 

X'Z  ,     °"V^'-,r''  ^r^''*!"^         '^^"^'^  these  variatiorare  produced 

}L  J^t  ^  K  f  °  ^.  I'^l"^'^  '^^P'  "P°°  the  edge  or  periphery  of  the  cam  or 
afaradytSibed"'  '''''''        '^''^  '""^^  '^'^     'fi"'*  --•^eet^f  \Z^Z 

.rl^^^^'  (<^'»'«  -Jouer,  Fr.;  Karten,  Germ.)    Playing  cards  ,vere 

probably  invented  m  the  East.    In  Italy  cards  originally  bore  the  name  of  S  and 

between  1«0  and  1461  ^""^  ^'"^  '^'^  *°  ^^^'^  ^'^^  ii^vented 

Mr.  de  la  Rue  obtained,  in  Februarv  iR^o  c^^t^^tt-        ^  •  ■ 
manufacture  of  playing  c^rds,  whic"h"h';  diSblK S^X^h^^^^^^^ 
the  pips,  and  also  the  picture  or  court-cards  in  oil  ^1^,,,;  i,  /  '  P'^'ntmg 

secondly,  effecting  the  same  in  oilco  oifrs  bV  mpnnfif  rn"  ^  f  °'  °^  ^^'^''^  ^'"'^kss 
or  silvering  bordL,  and  other  parrrthe^hara  tS^^'^^^^^^^^^^^ 

by  types,  blocks,  or  lithography.  cnaracters,  by  the  printing  process,  either 

In  the  ordinary  mode  of  manufacturing  playing  cards  thpir  A^^i... 
duced  by  copperplate  printing,  and  they  arrfiHeTS  wfth  ^        ?  ^^^^^^ 
means  called  stencilling  ^  "P  ^'th  water  colours  by  the 

The  patentee  does  not  purpose  any  material  alteration  in  the  devices  or  forms  upon 
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the  cards,  but  only  to  produce  them  with  oil  colours;  and,  to  effect  this,  he  follows 
precisely  the  same  mode  as  that  practised  by  calico  printers.  ' 

A  set  of  blocks  or  types,  properly  devised,  are  pn»ducftd  for  printing  the  different 
pips  of  hearts,  diamonds,  spades,  and  clubs,  or  tliey  are  drawn,  as  other  subjects,  in 
the  usual  way,  upon  stone.  The  ink,  or  colour,  whether  black  or  red  is  to'  be 
prepared  from  the  best  French  lamp-black,  or  the  best  Chinese  vermilion  ground  in  oil 
and  laid  on  the  types  and  blocks,  or  on  the  stone,  in  the  same  way  as  printer's  ink' 
and  the  impressions  taken  on  thick  drawing-paper,  by  means  of  a  suitable  press', 
in  the  ordinary  manner  of  printing. 

The  picture  or  court-cards  are  to  be  produced  by  a  series  of  impressions  in  different 
colours,  fitting  into  each  other  exactly  in  the  same  way  as  in  printing  paper  hangings, 
or  silks  and  calicoes,  observing  that  all  the  colours  are  to  be  prepared  with  oil. 

For  this  purpose  a  series  of  blocks  or  types  are  to  be  provided  for  each  subject,  and 
which,  when  put  together,  will  form  the  whole  device.  These  blocks  are  to  be  used 
separately,  that  is,  all  the  yellow  parts  of  the  picture,  for  instance,  are  to  be  printed 
at  one  impression,  then  all  the  red  parts,  next  all  the  flesh  colour,  then  the  blue 
portions,  and  so  on,  finishing  with  the  black  outUnes,  which  complete  the  picture. 

If  the  same  is  to  be  done  by  lithography,  there  must  be  as  many  stones  as  there 
are  to  be  colours,  each  to  print  its  portion  only ;  and  the  impression,  or  part  of  the 
picture,  given  by  one  stone  must  be  exactly  fitted  into  by  the  impression  given  from 
the  next  stone,  and  so  on  until  the  whole  subject  is  complete. 

A  superior  kind  of  card  is  proposed  to  be  made,  with  gold  or  silver  devices  in 
parts  of  the  pictures,  or  gold  or  silver  borders  round  the  pips.  This  is  to  be  effected 
by  printing  the  lines  which  are  to  appeal-  as  gold  or  silver,  with  gilder's  size,  in  place 
of  ink  or  colour;  and  immediately  after  the  impression  has  been  given,  the  face  of 
the  card  is  to  be  powdered  over  with  gold  dust,  silver,  or  bronze,  by  means  of  a  soft 
cotton  or  wool  dabber,  by  which  the  gold,  silver,  or  bronze  will  be  made  to  adhere 
to  the  picture,  and  the  superfluous  portions  of  the  metal  will  wipe  off  by  a  very  slight 
rubbing.  When  the  prints  are  perfectly  dry,  the  face  of  the  card  may  be  polished  by 
means  of  a  soft  brush. 

If  it  should  be  desirable  to  make  these  improved  cards  to  resemble  ivory,  that  may 
be  done  by  preparing  the  face  of  the  paper  in  the  first  instance  with  a  composition  of 
size  and  fine  French  white,  and  a  drying  oil,  mixed  together  to  about  the  consistence  of 
cream ;  this  is  to  be  washed  over  the  paper,  and  dried  before  printing,  and  when  the 
cards  are  finished  they  will  exactly  resemble  ivory. 

The  only  thing  remaining  to  be  described,  is  the  means  by  which  the  successive 
impressions  of  the  types,  blocks,  or  stones  forming  the  parts  of  the  pictures,  are  to  be 
brought  exactly  to  join  each  other,  so  as  to  form  a  perfect  whole  design  when  com- 
plete ;  this  is  by  printers  called  registering,  and  is  to  be  effected  much  in  the  usual 
way,  by  points  in  the  tympan  of  the  press,  or  by  marks  upon  the  stones. 

The  parts  of  the  subject  having  been  all  accurately  cut  or  drawn  to  fit,  small  holes 
are  to  be  made  with  a  fine  awl  through  a  quire  or  more  of  the  paper  at  once,  by 
placing  upon  the  paper  a  gauge-plate,  having  marks  or  guide-holes,  and  by  observing 
these,  the  same  sheet  laid  on  several  times,  and  always  made  to  correspond  with  the 
points  or  marks,  the  several  parts  of  the  picture  must  inevitably  register,  and  produce 
a  perfect  subject. 

Of  Playing  Cards,  119,740  packs  were  imported  in  1856. 

CARMINE.  {Carmin,  Fr.  ;  Karminstoff,  Germ.)  The  colouring  matter  of  the 
cochineal  insect.    See  Cochineal. 

There  are  several  methods  of  preparing  carmine,  the  following  being  the  most 
approved: — 

Dr.  Pereira  speaks  highly  of  this  process.  A  decoction  of  the  black  cochineal  is 
made  in  water ;  the  residue,  called  carmine  grounds,  is  used  by  paper-stainers.  To  the 
decoction  is  added  a  precipitant,  usually  bichloride  of  tin.  The  decoction  to  which 
the  bichloride  has  been  added  is  put  into  a  shallow  vessel  and  allowed  to  rest.  Slowly 
a  deposit  takes  place,  which  adheres  to  the  sides  of  the  vessel,  and  the  liquid  being 
poured  off,  it  is  dried;  this  precipitate  is  carmine.  The  liquid,  when  concentrated,  is 
called  liquid  rouge. 

By  the  Old  German  Process,  carmine  is  prepared  by  means  of  alum  without  any  other 
addition.  As  soon  as  the  water  boils,  the  powdered  cochineal  is  thrown  into  it,  stirred 
well,  and  then  boiled  for  six  minutes  ;  a  little  ground  alum  is  added,  and  the  boiling  is 
continued  for  three  minutes  more.  The  vessel  is  removed  from  the  fire,  the  liquor  is 
filtered,  and  left  for  three  days  in  porcelain  vessels,  in  the  course  of  which  time  a  red 
matter  falls  down,  which  must  be  separated  and  dried  in  the  shade.  This  is  carmine, 
which  is  sometimes  previously  purified  by  washing.  The  liquor,  after  three  days  more, 
lets  fall  an  inferior  kind  of  carmine;  but  the  residuary  colouring  matter  may  also  be 
separated  by  the  muriate  of  tin. 
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The  proportions  for  the  above  process  are  580  parts  of  clear  river  water,  1 6  parts 
of  cochineal,  and  1  part  of  alum  :  there  is  obtained  from  1^  to  2  parts  of  carmine. 

Annthev  Carmine  with  Tartar. — To  the  boiling  water  the  cochineal  is  added,  and  after 
some  time  a  little  cream  of  tartar  ;  in  eight  minutes  more  we  add  a  little  alum,  and  con- 
tinue the  boiling  for  a  minute  or  two  longer.  Then  take  it  from  the  fire  and  pour  it 
into  glass  or  porcelain  vessels  ;  filter,  and  let  it  repose  quietly  till  the  carmine  falls  down. 
"We  then  decant  and  dry  in  the  shade.  The  proportions  are  8  pounds  of  water,  8  oz. 
of  cochineal,  ^  oz.  of  cream  of  tartar,  f  oz.  of  alum,  and  the  product  is  an  ounce  of 
carmine. 


The  Process  of  Ah-on  or  Langlois.—BoW  two  pails  and  ahalf  of  river  water  (30  pints), 
throw  into  It,  a  little  afterwards,  a  pound  of  cochineal,  add  a  filtered  solution  of  six 
drachms  of  carbonate  of  soda  and  a  pound  of  water,  and  let  the  mixture  boil  for  half  an 
hour  ;  remove  the  copper  from  the  fire,  and  let  it  cool,  inclining  it  to  one  sidb.  Add 
SIX  drachms  of  pulverised  alum,  stir  with  a  brush  to  quicken  the  solution  of  the  salt,  and 
let  the  whole  rest  20  minutes.  The  liquor,  which  has  a  fine  scarlet  colour,  is  to  be 
carefully  decanted  into  another  vessel,  and  there  is  to  be  put  into  it  the  whites  of  two 
eggs  well  beat  up  with  half  a  pound  of  water.  Stir  again  with  a  brush.  The  copper 
IS  replaced  on  the  fire,  the  alumina  becomes  concrete,  and  carries  down  the  colouring 
matter  with  it.  The  copper  is  to  be  taken  from  the  fire,  and  left  at  rest  for  25  or  30 
niimues  to  allow  the  carmine  to  fall  down.  When  the  supernatant  liquor  is  drawn 
off,  the  deposit  IS  placed  upon  hlter-cloth  stretched  upon  a  frame  to  drain.  When  the 
carmine  has  the  consistence  of  cream  cheese,  it  is  taken  from  the  filter  with  a  silver  or 

ZZl  nf   '  v*^''  '°  P'''^^'  '^"^^'-^'^        P'^P"'  t°  screen  it  from  dust  A 

pound  of  cochineal  gives  m  this  way  an  ounce  and  a  half  of  carmine. 

Process  cf  Madame  Cenette  of  Amsterdam,  y<\th  salt  of  sorrel.-Into  six  pails  of  river 
water  boiling  hot,  throw  two  pounds  of  the  finest  cochineal  in  powder;  continueThe 
ebu  htion  for  two  hours,  and  then  add  3  oz.  of  refined  saltpetre,  and  after  ;  few  nlutes 
tnt  f    f     >.  "^'r'^^  '""'•^  '"^'^  the  coppe;  from  the  fire  and  M  it 

Tll  J^^    Z  t^""  °^  ^'"^  a  sipl""^  into  flat  platel  and  leave 

It  there  for  three  weeks     Afterwards  there  is  formed  upon  the  surface  a  prettv  tliick 
mouldiness,  which  is  to  be  removed  dexterouslv  in  oup  npll,Vio  w     i-  %P'^f 
Should  .he  SI.  ,e„  „a  fr.g„..„  „,!,  ZTiZ  '.  .h./,:  fb.  L  Jv^^^^^^^^^^ 

Carmine  by  the  Salt.of  Tin,  or  the  Carmine  of  Chinr,      -Roil  tT,„      v     i  • 

a  solution  of  tin  containing  4  oz.  She  metal'.  ^""^     gramsof  alum,  with 

To  make  Ordinary  Carmine. 
Take  1  pound  of  cochineal  in  powder  ; 

3  drachms  and  a  half  of  carbonate  of  potash  • 
3  drachms  of  alum  in  powder; 
3  drachms  and  a  half  of  fish-glue 

thrown  in,  and  the  decocTion  is  stoned  1^  ^  'f'  VOnr^AeA  alum  is  then 

to  a  more  briHiant  tint     A^he  end  of  fifteen  rf- '  T^T  and  inclines 

the  bottom,  and  the  bath  becles  as  cLar  as  if^  ^^'^''^f^^      '^'^P^^it^d  at 

colouring  matter,  and  probabl^a  Ut  le  2mln  susSn.in '°  w""'/'  ""'^'^'^^  t^e 
copper  of  equal  capacity,  and  place  if  over  the  fi^f  ..-  ^t'^^f''"'*  tl^^n  into  a 
in  a  gi-eat  deal  of  wLer.^'nd  passed  th  ough  a  seaSc''  At'^tf  ^'"^  <^'^«°l^^<i 
the  carmine  is  perceived  to  rise  up  to  t  f  surface  nV  ebullition, 
formed,  like  what  takes  place  in  clar  La  ions  wkh  "Lt"  ^"l*^  coaguhun  i 

be  immediately  taken  from  the  fire,  and  its  conTenN  h.  'r  '^"PP'^'"  ^^st 

course  of  fifteen  or  twenty  min  itcs  th?  carmTnl  I  T"^^-  ^^P^^"'^"  I"  the 
liquor  is  decanted,  and  the  deposi  mu  t  be  n^^  deposited.  The  supernatant 
l.nen     If  the  operation  has  Teen  well  conducted  1!^^^.'  ^""^  or 

readily  under  the  fingers.  What  remain,  ,  '  •  '^^'^'"e  when  dry  crushes 
much  loaded  with  colour,  and  m  y  be  eZloS  J-  °f  the  carmine  is  s  iU 

lakes.    See  Lake.  ^     employed  very  advantageously  for  carminated 
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1  quantity 

veriuilion  put  in  to  dilute  the  colour.  In  the  first  case  the  shade  is  paler,  in  the 
second,  it  has  not  the  same  lustre.  It  is  always  easy  to  discover  the  proportion  of  the 
adulteration.  By  availing  ourselves  of  the  property  of  pure  carmine  to  dissolve  in 
water  of  ammonia,  the  whole  foreign  matter  remains  untouched,  and  we  may  estimate 
its  amount  by  drying  the  residuum. 

Carmine  is,  according  to  Pelletier  and  Caventou,  a  triple  compound  of  the  colour- 
ing substance  and  an  animal  matter  contained  in  cochineal,  combined  with  an  acid 
added  to  effect  the  precipitation.  The  most  successful  investigator  into  the  colouring 
matter  of  the  cochineal  has  been  Mr.  Warren  de  la  Rue.  This  chemist  had  the 
opportunity  of  submitting  the  living  insect  to  microscopical  examination.  He  found 
it  to  be  covered  with  a  white  dust,  which  was  likewise  observed  on  the  adjacent  parts 
of  the  cactus  leaves  on  which  the  animal  feeds.  This  dust,  which  he  considered  to  be 
the  excrement  of  the  animal,  has,  under  the  microscope,  the  appearance  of  white 
curved  cylinders  of  a  very  uniform  diameter.  On  removing  the  powder  with  ether, 
and  piercing  the  side  of  the  insect,  a  purplish-red  fluid  exudes,  which  contains  red 
colouring  matter,  in  minute  granules  assembled  round  a  colourless  nucleus.  These 
groups  seem  to  float  in  a  colourless  fluid,  which  appears  to  prove,  that  whatever  may 
be  the  function  of  the  colouring  matter,  it  has  a  distinct  and  mai-ked  form,  and  does 
not  pervade,  as  a  mere  fmt,  the  fluid  portion  of  the  insect.  To  this  colouring  matter, 
Mr.  De  la  Rue  has  given  the  name  of  Carminic  Acid,  which  see. 

There  are  some  remarkable  peculiarities  about  the  production  of  carmine :  the  shade 
and  character  of  the  colour  are  altered  by  slight,  very  slight,  differences  of  the  tem- 
perature at  which  it  is  prepared ;  and  with  every  variation  in  the  circumstances  of 
illumination,  a  change  is  discovered  in  the  colour.  Sir  H.  Davy  relates  the  following 
anecdote  in  illustration  of  this :  — 

"  A  manufacturer  of  carmine,  who  was  aware  of  the  superiority  of  the  French 
colour,  went  to  Lyons  for  the  purpose  of  improving  his  process,  and  bargained  with  a 
celebrated  manulacturer  in  that  city  for  the  acquisition  of  his  secret,  for  which  he  was 
to  pay  1000/.  He  saw  all  the  process,  and  a  beautiful  colour  was  produced,  but  he 
found  not  the  least  difference  in  the  French  method  and  that  which  had  been  adopted 
by  himself.  He  appealed  to  his  instructor,  and  insisted  that  he  must  have  kept  some- 
thing concealed.  The  man  assured  him  that  he  had  not,  and  invited  him  to  inspect 
the  process  a  second  time.  He  very  minutely  examined  the  water  and  the  materials, 
which  were  in  every  respect  similar  to  his  own,  and  then,  very  much  surprised,  he 
said;  '  I  have  lost  both  my  money  and  my  labour ;  for  the  air  of  England  does  not 
admit  of  our  making  good  carmine.'— '  Stay,'  said  the  Frenchman,  '  don  t  deceive 
yourself:  what  kind  of  weather  is  it  now?'-' A  bright  sunny  day,  replied  the 
Englishman.  '  And  such  are  the  days,'  replied  the  Frenchman,  '  upon  which  1 
make  my  colour  :  were  I  to  attempt  to  manufacture  it  on  a  dark  and  cloudy  day,  my 
results  would  be  the  same  as  yours.    Let  me  advise  you  to  make  your  carmme  on 

^""Seriments  on  this  subject  have  proved  that  coloured  precipitates  which  are 
brilliant  and  beautiful  when  they  are  precipitated  in  bright  sunshme,  are  dull,  and 
sufi'er  in  theii-  general  character,  if  precipitated  in  an  obscure  apartment,  or  m  the 

^^ro  revive  or  brighten  Carmine.— We  may  brighten  ordinary  carmine,  and  obtain  a 
very  fine  and  clear  pigment,  by  dissolving  it  in  water  of  ammonia.  For  this  purpose 
we  leave  ammonia  upon  carmine  in  the  heat  of  the  sun,  till  its  colour  is  extrac  ed, 
rndlhriiqTr  has  got  a  fine  red  tinge.  It  must  be  then  drawn  off  and  precipitated 
by  acetic  ac°d  and  flcohol,  next  washed  with  alcohol,  and  dried.  Carmine  dissolved 
5amn  on?a  has  been  long  employed  by  painters  under  the  name  of  liquid  carmine 

Snris  the  finest  red  colour  which  the  painter  possesses.  It  is  principally 
employed  in  miniature  painting,  water  colours,  and  to  tint  artificial  flowers,  because 

%^:JS'^S^s^^':^^^^^  starch.  Water  of  ammonia  enables 
u  Jo  detect  this  fi  aud  by  dissolving  the  pure  carmine,  and  leaviug  the  starchy  matter 
as  well  2  mSt  o^hTsSw  subsLces.    Such  debased  carmine  ,s  apt  to  spoil 

with  damp.  . 

Of(\\niMiNi3  9726  oz.  were  rmnor^en!  in  18.) b.  .  ,    .  .      •  „f 

C  ARmmC  ACID.    The  folfowing  is  the  best  method  of  obtaining  m  a  ta^ 
Duritv  the  colouring  principle  of  cochineal,  or  carminw  aad.    The  ground  cocmnca 
fs  b  ii;d  for  about  twenty  niinutes  with  fifty  times  its  ^'Sl^.^f '      .^^"^  "^d 
decoction,  afu-r  being  allowed  to  subside  for  a  quarter  of  an  ' 
precipitated  with  a  solution  of  the  acetate  of  protoxide  of  lead,  acidulated  witi. 
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acid  (1  acid  to  6  of  the  salt).  The  washed  precipitate  is  decomposed  by  hydrosul- 
phuric  acid  (sulphuretted  hydrogen),  the  colouring  matter  precipitated  a  second  time 
with  acidulated  acetate  of  protoxide  ol'  lead,  and  decomposed  as  before.  The  solution 
of  carminic  acid  thus  obtained  is  evaporated  to  dryness,  dissolved  in  boiling  absolute 
alcohol,  dissolved  with  a  portion  of  carminate  of  protoxide  of  lead,  which  has  been 
reserved  (for  the  separation  of  the  phosphoric  acid),  and  then  mixed  with  ether,  to 
precipitate  a  small  portion  of  nitrogenous  matter.  This  filtrate  yields,  upon  evapora- 
tion ill  vacuo,  pure  carminic  acid.  When  thus  prepared,  it  is  a  purple-brown  friable 
mass,  transparent  when  viewed  by  the  microscope,  and  pulverisable  to  a  fine  red 
powder,  soluble  in  water  and  in  alcohol  in  all  proportions,  and  very  slightly  soluble 
m  ether,  which  does  not  however  precipitate  it  from  its  alcoholic  solution.  It  decom- 
poses at  temperatures  above  136°.  The  aqueous  solution  has  a  feebly  acid  reaction, 
and  does  not  absorb  oxygen  from  the  air  ;  alkalies  change  its  colour  to  purple  ;  in  the 
alcohohc  tmcture,  they  produce  purple  precipitates  ;  the  alkaline  earths  also  produce 
purple  precipitates.  Alum  gives  with  the  acid  a  beautiful  crimson  lake,  but  only 
upon  the  addition  of  a  little  ammonia.  The  acetates  of  the  protoxides  of  lead  copper 
zinc,  and  silver  give  purple  precipitates ;  the  latter  is  immediately  decomposed  and 
sJver  deposited.  Protochloride  and  bichloride  of  tin  give  no  precipitates,  but  change 
the  colour  to  a  deep  crimson. 

The  analyses  of  carminic  acid  led  to  the  formula  C^sH'-iO's.  The  compound  of 
protoxide  of  copper  appeared  to  be  the  only  salt  that  could  be  employed  with  any 
certainty  for  the  determination  of  the  atomic  weight,  as  the  otlier  salts  furnished  no 
satisfactory  results.  The  salt  of  copper  was  prepared  by  adding  cautiously  to  an 
aqueous  solution  of  carminic  acid,  acidulated  with  acetic  acid,  acetate  of  protoxide  of 
copper,  so  as  to  cave  an  excess  of  carminic  acid  in  the  liquid.  When  dried  it  is  a 
brown-coloured  hard  mass.— Liebig  and  Kopp's  Report. 

CARDAMOM  The  fruit  of  the  Elettaria  cardamonum,  or  the  true  officinal 
cardamom.  Cardamoms  are  produced  naturally  and  by  cultivation  in  Malabar,  at 
rravancore,  and  the  western  part  of  Soonda.  The  Malabar  cardamoms  are  distin- 
guished m  commerce  as  shorts  shorl-longs,  and  long-longs.  The  three  sorts  are  brought 
from  Bombay  in  chests,  the  shorts  fetching  from  3d.  to  6d.  per  pomid  more  than  the 

The  small  cardamom  was  analysed  in  1834  by  TrommsdorfiF;  he  obtained  the  fol- 
lowing results :-Essent.al  oil,  4  6;  fixed  oil,  tO-4;  a  salt  of  potash  combined  with 
CO  curing  matter,  2-5  ;  fecula,  3-0;  nitrogenous  mucilage  with  phosphate  ofTme  iT- 
yellow  colouring  matter,  0-4 ;  and  woody  fibre,  77-3  '  ' 

Cardamom  seeds  are  employed  medicinally,  and  for  flavouring  cordials. 

Of  C.4RDAM0MS,  88,132  Ibs.  Were  imported  in  1856 

T^St^r^.^'^^"''-^^^^^"^^-  ^Cornaline,  Fr.;  Korneol,  Germ.;  Cornalina 
Ital.)  A  reddish  variety  of  chalcedony,  generally  of  a  clear  br  ght  t."  •  it  Ts  somp' 
times  of  a  yeUow  or  brown  colour,  and  it  passes  into  common  Shalcedonv  tC^X 

Peroxide  of  iron  -       -       .       .  ■^nil"'"- 

Alumina        -  -       .  —       -       -  0-050 

Magnesia   O'OSl 

Potash  -       .  -       : 0-028 

Soda   0-0043 


the  remainder  being  Silica.— Z)a7ia. 
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nelians  are  dark,  -white,  and  red,  in  shades  from  the  palest  yello-w  to  the  deeneqt 
scarlet.    ■  o 

"  The  variegated  stones  -with  landscapes,  trees,  >flnd  -water  beautifully  delineated 
are  found  at  Copper--wange,  or,  more  properly,  Cubbeer-punge,  '  The  Five  Tombs ' 
a  place  sixty  miles  distant." — Oriental  Memoirs,  vol.  i.  p.  323,  2nd  ed.  ' 

At  Neemoudra,  a  village  of  the  Kajepiplee  district,  and  three  miles  east,  are  some 
celebrated  carnelian  mines.  The  country  in  the  immediate  vicinity  of  the'  mines  is 
but  little  cultivated ;  and  on  account  of  the  jungles,  and  their  inhabitants  the  tigers,  no 
human  inhabitants  are  found  nearer  than  Rattumpoor,  -which  is  seven  miles  off.  The 
miners  have  huts  at  this  place  -when  stones  are  burned. 

The  carnelian  mines  are  situated  in  the  -wildest  parts  of  the  jungle,  and  consist  of 
numerous  shafts  -worked  down  perpendicularly  about  4  feet  wide,  the  deepest  about 
50  feet.  Some  extend  at  the  bottom  in  a  horizontal  direction,  but  usually  not  far,  the 
nature  of  these  pits  being  such  as  to  prevent  their  being  worked  a  second  year,  on 
account  of  the  heavy  rains  causing  the  sides  to  fall  in ;  so  that  new  ones  must  be 
opened  at  the  conclusion  of  every  rainy  season.  The  soil  is  gravelly,  and  consists 
chiefly  of  quartz  sand,  reddened  with  iron  and  a  little  clay.  The  nodules  weigh  from 
a  few  ounces  to  even  two  or  three  pounds,  and  lie  close  to  each  other,  but  for  the 
most  part  distinct,  not  being  in  strata,  but  scattered  through  the  masses  in  great 
abundance. 

On  the  spot,  the  carnelians  are  mostly  of  a  blackish-olive  colour,  like  common  dark 
flints,  others  somewhat  lighter,  others  still  lighter  with  a  milky  tinge ;  but  it  is  quite 
uncertain  what  appearance  they  will  assume  after  they  have  undergone  the  process  of 
burning. 

From  Neemoudra  they  are  carried  by  the  merchants  to  Cambay,  where  they  are 
cut,  polished,  and  formed  into  beautiful  ornaments,  for  which  that  city  is  so  justly 
celebrated. — Copeland,  Bombay  Researches;  Hamilton's  Description  of  Hindostan,  4to. 
1820. 

The  stones  from  Cambay,  are  offered  in  commerce,  cut  and  uncut,  as  roundish 
pebbles  from  1  to  3  inches  in  diameter.  The  colour  of  red  carnelian  of  Cambay  varies 
from  the  palest  flesh-colour  to  the  deepest  blood-red  ;  the  latter  being  most  in  demand 
for  seals  and  trinkets.  The  white  are  scarce,  but  when  large  and  uniform  they 
are  valuable ;  the  yellow  and  variegated  are  of  little  estimation  in  the  Bombay 
market. 

The  following  is  a  statement  of  the  Carnelians  exported  by  sea  from  the  port  of 
Bombay  to  foreign  and  Indian  stations  not  subject  to  the  Presidencv  of  Bombay,  from 
1st  May,  1856,  to  30th  April,  1857: — 

African  Coast  20,583 

Arabian  Gulf       .......  26,157 

Ceylon   2,192 

China,  Hong  Kong  945 

„     Penang,  Singapore,  and  Straits  of  Malacca   -  3,635 

Persian  Gulf   7,777 

Suez    -  4,755 

East  Indian  ports  of  Malabar        ...       -  400 
Total  value  in  rupees,  69,046;  the  rupee  being  valued  at  two  shillings. 

CARPET.  {Tapis,  Fr.;  Teppich,  Germ.')  A  thick  woollen  fabric  of  variegated 
colours,  for  covering  the  floors  of  the  better  sort  of  apartments.  This  luxurious 
manufacture  took  its  origin  in  Persia  and  Turkey,  whence  the  most  beautiful 
patterns  were  wont  to  come  into  Europe;  but  they  have  been  for  some  time  sur- 
passed by  the  workmanship  of  France,  Great  Britain,  and  Belgium.  To  form  a  just 
conception  of  the  elegant  and  ingenious  processes  by  which  carpets  are  made,  we 
should  visit  the  royal  establishment  of  the  Gobelins  at  Paris,  where  we  should  see  the 
celebrated  carpet  manufactory  of  the  Savounerie,  which  has  been  transported  thither. 
A  detailed  set  of  engravings  of  this  art  is  given  by  Roland  de  la  Platiere  in  the  first 
and  second  volumes  of  the  Encyclopedic  Methodique,  to  which  we  refer  our  readers, 
as  a  due  exposition  of  its  machines  and  operations  would  far  exceed  the  scope  of  the 
present  volume. 

The  warp,  says  Mr.  Roland,  being  the  foundation  of  the  fabric,  ought  to  be  of  fine 
wool,  equally  but  firmly  spun,  and  consist  of  three  yarns  twisted  into  one  thread. 
The  yarns  that  are  to  form  the  velvety  surface  of  the  carpet,  ought  also  to  be  of  the 
best  quality,  but  soft  and  downy  in  their  texture,  so  that  the  dye  may  penetrate  every 
filament.  Hemp  or  linen  yarns  are  likewise  employed  in  this  manufacture,  as  a 
woof,  to  bind  the  warp  firmly  together  after  each  shoot  of  the  velvety  threads.  Thus 
we  see  that  good  carpeting  consists  essentially  of  two  distinct  webs  woven  at  the  same 
time,  and  firmly  decussated  together  by  the  woof  threads.    Hence  the  form  of  the 


CARPET. 


621 


pattern  is  the  same  upon  the  two  sides  of  the  cloth,  onl)'  the  colours  are  revci-sed,  so 
that  what  was  greea  upon  one  side  becomes  red  or  black  upon  the  other,  and  vice 
versa.  The  smaller  the  figures  the  more  frequent  the  decussation  of  the  two  planes, 
and  the  firmer  and  more  durable  the  fabric. 

The  carpet  manufacture,  as  now  generally  practised,  may  be  distributed  into  two 
systems  — that  of  double  fabrics,  and  that  cut  in  imitation  of  velvet.  Of  late  years 
the  Jacquard  loom  has  been  much  used  in  weaving  carpets,  the  nature  of  which  will 
be  fouud  fully  explained  under  that  title. 

For  the  sake  of  illustration,  if  we  suppose  the  double  carpets  to  be  composed  of 
only  two  colours,  the  pnnciple  of  weaving  will  be  easily  understood  :  for  it  is  only 
necessary  to  raise  the  warp  of  each  web  alternately  for  the  passage  of  the  shuttle,  the 
upper  web  bemg  entirely  above  when  the  under  web  is  being  woven  or  decussated 
.nd  v,ce  versa.    In  the  Brussels  carpet  the  worsted  yarn  raisfd  to  for'nrthe  pile  Ind 
make  the  figure,  is  not  cut;  in  the  Wilton  the  pile  is  cut  to  give  it  a  velvety  aspect 
and  softness.    In  the  imperial  Brussels  carpet  the  figure  is  rfised  above  tie  ground 
and  I  S  pile  ,s  cut,  but  the  ground  is  uncut ;  and  in  the  royal  Wilton  the  pile  is  both 
raised  higher  than  in  the  common  Wilton,  and  it  is  cut,  whereby  it  hTs  a  rich  cushion 
Ike  appearance.    The  cloth  of  all  these  superior  carpets  consists  of  wooHen  and 
linen  or  hemp;  the  latter  being  put  upon  a  beam,  and  brought,  of  couTse  hrouS 
hedd  es  and  a  reed  ;  but  as  its  only  purpose  is  to  bind  togethef  the  worsted  fabric  U 
should  no  be  visible  upon  the  upper  face  of  the  carpet.    The  worsted  yarn  is  wound 

MarTL^Cb^tL^^^^^^^^^^^ 

whe'reSftlrSruStflV'^  ^^""^  '"^^  '^<^  cloth, 

hempen 'or  lint  t?rd?  Thl^hTel%^y^,^;^?ia'f  cS  tl5^  ""^^ 
very  much  into  vogue,  and  is  reckoned  bnCy  to  be  ^nlp    f  • 
and  wear  to  the  Bru  sels.    Kilmarnock  hr  acauiJed  ^P,  -fH '° 
ingenious  industry.    In  this  fabric,  rfeU  as  in  the  two  XT^r^   "''■'''°''  '^'^ 
predominates,  and  displays  the  design    but  fu  Ve  FrTn.T^  Kidderminster,  the  weft 
of  the  web  shows  the'^g'ure.    pSrV^n^Skn  clrjef^^^^^^^^^  ^T'^ 
are  woven  m  simple  looms,  provided  merely  with  tJuT  s  a„  s  and  passages. 

The  warp  should  be  a  substance  of  w^sLd  J^  -n  c    ,  ^""^^^''^  ^"'1  "-eed. 

eompletely  from  the  view.    Figured  Venet  an  ca^etr.r:'"''^         T"     '^"^  ^'^^ 
derminster  looms,  and  are  prov^rd  with  fmLhanTsm  to  r-^^^i!"  '^"-P^^ 
bTreS-  -  s~--^:n1  litn-S  ZV^ 

im?etfSh^afc!jf^^  instruction  of  the  three-ply 

tion  of  the  Jacquard  metier    The  Brussels  c^r^^f  Z  """^^^  ^  modifica- 

boy  loom  on  the  damask  plan,  and  re-  ^  °°        contrary,  is  a  draw- 


-  —wu.  ^luuj  Oriiu,  J  e 

quires  the  weaver  to  have  an  assistant 
J-ig.  428,  A  A  A,  is  the  frame  of  the  loom 
consisting  of  four  upright  posts,  with 
caps  and  cross-rails  to  bind  them  to- 
gether.   The  posts  are  about  six  feet 
Jugh.  c  c,  the  cloth-beam,  is  a  wooden 
cylinder,  six  inches  or  thereby  in  dia- 
meter, of  sufficient  length  to  traverse  the 
loom,  with  iron  gudgeons  in  the  two 
ends,  which  work  in  bushes  in  the  side 
frame.    On  one  end  of  this  beam  is  a 
ratchet  wheel,  with  a  tooth  to  keep  it 
from  turning  round  backwards  by  the 
tension  of  the  web.    b,  the  lay,  with 
I  S  reed   its  under  and  upper  shell, 
Its  two  lateral  rulers  or  swords,  and 
rocking-tree  above.    There  are  grooves 
m  the  upper  and  under  shell,  into  which 
the  reed  is  fitted,    e,  the  heddles,  or 
harness,  with  a  double  neck  attached  to 
each  of  the  tower  or  card  mechanisms, 
F  I,  of  the  Jacquard  loom.     The  hed- 
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dlos  are  connected  and  work  with  the  treddles  b  b,  by  means  of  cords,  as  shown  in 
the  figure,    g  g  are  wooden  boxes  for  the  cards,    ri,  llie  yarn,  or  warp  beam. 

In  draw-looms  of  every  kind,  there  is  no  sinkinf^of  any  portion  of  the  warp,  as  in 
plain  cUith-weaving ;  but  the  plane  of  the  cloth  is  placed  low,  and  the  threads  under 
which  the  shuttle  has  to  pass  are  raised,  while  all  the  rest  remains  stationary.  The 
harness  part  of  this  carpet-loom  is  moved  by  an  assistant  hoy  or  girl,  who  thus  allows 
the  weft  to  be  properly  decussated,  while  the  weaver  attends  to  working  the  front 

mounting  or  heddles.   Fiy.  429,  A  repre- 
sents the  frame  of  a  carpet  draw-loom  ; 
B  is  a  box  or  frame  of  pulleys,  over 
which  the  cords  of  the  harness  pass, 
and  are  then  made  fast  to  a  piece  of 
wood,  seen  at  e,  which  the  weavers  call 
a  table.    From  the  tail  of  the  harness 
the  simples  descend,  and  to  the  end  of 
each  is  attached  a  small  handle  g,  called 
a  bob.    These  handles  being  disposed 
in  pairs,  and  their  regularity  preserved 
by  means  of  a  perforated  board  c,  it  is 
merely  necessary  to  pull  every  handle 
in  succession,  the  weaver,  at  the  same 
time,  working  his  treddles  with  his  feet, 
as  in  any  other  loom.   The  treddles  are 
four  in  number,  the  fabric  being  that  of  plain  or  alternate  cloth,  and  two  treddles 
allotted  for  each  web.    The  harness  part  of  the  cai-pet  draw-loom  is  furnished  with 
mails,  or  metallic  eyes,  to  save  friction  ;  two  threads  being  drawn  through  each  eye.  The 
desiu-n  or  pattern  of  a  carpet  is  drawn  upon  cross-rule  paper,  exactly  in  the  same  way 
as  every  other  kind  of  fancy-loom  work,  and  is  transferred  from  the  paper  to  the 
mounting  by  the  rules  for  damask  weaving.   Suppose  that  a  double  web  is  so  mounted 
that  every  alternate  thread  of  the  one  may  be  raised,  so  as  to  form  a  sufficient  shed- 
way  for  the  shuttle,  without  depressing  the  other  in  the  least :  then  suppose  another 
web  placed  upon  the  former,  at  such  a  distance  that  it  will  exactly  touch  the  convex- 
ity of  those  threads  of  the  former  which  are  raised.    Then,  if  the  threads  of  the 
latter  web  are  sunk  while  the  others  are  raised,  the  two  would  be  entirely  incorpo- 
rated ;  but  if  this  be  only  partially  done,  that  is,  at  particular  places,  only  those 
parts  'immediately  operated  upon  will  be  affected  by  the  action  of  the  apparatus.  If 
the  carpet  is  a  two-coloured  pattern,  as  black  and  red,  and  if  upon  the  upper  surface, 
as  extended  in  the  loom,  red  flowers  are  to  be  represented  upon  a  black  ground,  then 
all  tho'^e  species  of  design  paper  which  are  coloured  may  be  supposed  to  represent  the 
red  and  those  which  are  vacant  the  black.   Then  counting  the  spaces  upon  the  paper, 
omi't  those  which  are  vacant,  and  cord  those  which  are  coloured,  and  the  effect  will 
be  produced.   But  as  the  two  webs  are  to  be  raised  alternately,  whatever  is  corded  for 
the  first  handle  must  be  passed  by  for  the  second,  and  vice  versa,  so  that  the  one  will 
form  the  flower,  and  the  other  the  ground. 

The  board  by  which  the  simples  are  regulated  appears  at  F.  d  shows  the  weights. 
Mr  Simcox  of  Kidderminster,  has  patented  an  invention  for  an  improved  manu- 
facture of  carpets,  in  which,  by  dispensing  with  the  Jacquard  loom^  as  well  as  the  iron 
wires  and  tags  usually  employed  to  produce  terry  fabrics,  such  as  Brussels  carpets  and 
coach-lace,  he  can  work  his  machinery  at  greater  speed  and  more  economically  His 
Lcond  improvement  relates  to  the  manufacture  of  fabrics  with  cut  p.  e,  such  as  Wilton 
or  AxiZster  carpets.  He  makes  a  ribbed  fabric,  greatly  resembling  the  Brussels 
cLperby  a  combination  of  woollen  and  linen  warp  and  weft,  arranged  in  such  a 
manner  that  the  woollen  warp  in  the  form  of  a  ribbed  surface  may  constitute  the  face 
Tthe  fabri  ,  Sule  the  linen  warp  forms  the  ground  or  back  of  the  fabric.  The  plan 
he  mlfers  as  most  resembling  the  Brussels,  consists  in  weavmg  the  fabric  as  nearly 
as  nos' ible  in  the  ordinary  way,  except  that,  instead  of  inserting  a  tag  or  wire  to  form 
tL  rib  or  terry  the  patentee  throws  in  a  thick  shoot  or  weft  of  woollen  or  cot  on,  over 
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form  the  proper  shreds,  in  order  that  the  woollen  face  may  be  properly  bound  to  the 
linen  ground. 

The  second  part  of  his  invention  relates  to  the  production  of  fabrics  with  a  cut  pile, 
like  the  Axminster  or  Wilton  rugs  or  carpets.  The  ordinary  mode  of  making  some 
of  these  fabrics  is  to  weave  the  pattern  in  hy  means  of  a  Jacquard  apparatus,  and  pass 
the  woollen  warp  over  a  rod  or  tag,  which  is  afterwards  cut  by  passing  a  suitable  knife 
along  It,  thereby  producing  the  cut  pile.  The  patentee  produces  the  design  and  surface 
of  the  fabric  from  the  weft  in  place  of  the  warp  as  heretofore.  For  this  purpose  the 
weft  IS  made  to  consist  of  thick  woollen  shoots,  which  must  be  printed  or  stained 
with  suitable  colours,  precisely  as  the  woollen  warps  have  been  heretofore  done  :  and 
the  woollen  shoot,  when  thrown  in,  is,  by  means  of  suitably  formed  hooks,  pulled 
up  and  turned  into  loops,  which,  when  they  are  properly  secured  to  the  foundation 
with  wWh         i,  T'  by  means  of  knives  or  cutting  instruments, 

with  which  the  hooks  are  furnished,  for  the  purpose  of  releasing  them  from  the 
loops  and  producing  the  cut  pile.  The  patentee  observes,  that  cotton  and  other  cheap 
matenals  may  be  employed  with  great  advantage  in  the  production  of  some  of  these 

Another  invention  of  improvements  in  manufacturing  figured  fabrics  nrincinallv 
designed  for  the  production  of  carpeting,  patented  by  Mr.  JamrTempS 
Glasgow,  consists  in  producing  the  pattern  either  on  on^  or  both  sides  ot  the  fabric 
by  means  of  printed  weft;  also  in  the  use  of  printed  party-coloured  ^Li^r  weft  Tn  the 
manufacture  of  Axminster  carpets  and  other  similar  fables.    This  invemTon  is  also 
applicable  to  the  production  of  figured  chenille  weft  for  the  manufacture  of  chenU  e 

n.S.tZ^r'/"^''^^''-  ^  patent  for  weaving  and  printing  carpets 

using  an  ordinary  Brussels  carpet  loom.    After  putting  in  the  wire,  or  otherSorm: 
ing  the  loop,  he  throws  in  the  usual  linen  shoot,  on  the  face  to  bind  if  TnTtf  T 
the  back  shoot,  he  throws  in  a  thick  soft  weft     Or  to  make  a  ZVr 'J^     7  ' 
elastic  back,  he  employs  the  ordinary  two  linen  shSs  -oi  e  on  ^be  facl  fndThe  ofZ 

»:^:^;roft^^:s€SHt^^^^ 
hS^Kc^^-—^ 

s=«i:tSt?o;^--~^^ 

enJug^h'to  reitTh?enSe°t ^^^^  the  patentee  first  provides  a  t.ble,  long 

of  the  table  there  is  a  frame  of  thf  same  "^1'^"'^°-  =      each  end 

cylinder  printing  machine  when  off  the  fSl  f''  ^"'^"^""y  long  to  receive  the 
printing  bWeti         betleen  tt,  '  Ist^g^^^^^^^^^  ^aWe  the 

same  distance  apart  as  the  carpet  is  wide  so  L  to  ke^n  it  ?n 

the  guides  for  the  printing  cvlinders     Thl  .  •  ?  position,  and  to  form 

and  is  then  laid  onThe  of  of  he  same  atd  ^v?    1'  ^^f^"^^  end  of  the  table, 

which  is  furnished  wit^a  rl^renLeel  atniicf '  f^^'^^^' --<^  ]iJ  -  roller, 
mounted  in  a  movable  frame  containina-  n  rnr, tc^    ^  prmting  cylinders  are 

feeding  rollers,  to  supply  them  w  th  colour     Th^^^^^^^  °^  ''^"^  ^"^ 

the  table,  and  between  the  guide Ta  Is  rT.  Li,  Pnnting  apparatus  is  passed  over 
bearing  upon  the  carpet)  fo  tt  iSm^  a.  1°°  ^'^^^I'^der  being  coloured,  and 
again  ;  and  this  proceL  is^epeated  umil  the  fnh^^"  '"'L"^  ^"'^  '^^'^  ^^'^^ 

to  insure  each  part  of  the  patte^nr  nr in  fnl  7'  "  ^"^P'^^^^  coloured.  In  order 
same  place,  toothed  wheelf  Tre  affixed  on  ,i  n  '%'fr"^-"?"^°  ^"'^  ^S^'^^  the 
gear  into  racks  fixed  on  the  sTdes  of  the  tTble  so  that  ho  ^"'T^  ^^^Z'"^"^'  ^^''^^^ 
apparatus  passes  over  the  fabric  evei  v  mrt  nV?T,      V.      '''''n  the  printing 

Instead  of  the  printing  apparatu  bei,  I  pL Id  wV^"'-™  °°  ^he  same  place^ 

by  the  application  of  movable  frames  ft^the  end  of  t&  ^'  ^^7. 

another  table,  and  so  successively    See  Rug=         *  '  sideways  on  to 

S'orLr;!^rri.,°^_.<=--g-'^  -ss.  it  is 


624 


CARTHAMUS. 


not  producing  a  precipitate  on  the  addition  of  alcohol,  from  starch  by  its  not  assuming 
a  hliie  colour  with  tincture  of  iodine  ;  from  animal  jelly,  by  tincture  of  nutgalls  causing 
no  precipitate  ;  from  pectin,  by  acetate  of  lead  not  tl^j'owing  down  anything,  as  well  as 
by  no  mucic  acid  being  formed  by  the  action  of  nitric  acid."  The  composition  of 
carrageenin  dried  at  ^12°  F.,  according  to  Schmidt,  is  represented  by  the  formula 
C'-H'»0'",  so  that  it  appears  to  be  identical  with  starch  and  sugar.  Mulder,  however 
represents  it  by  the  formula  C«II"'0'°. 

CARTHAMUS,  or  SAFFLOWEll  {Carthavms  tinclorius;  Carthame,  Fr. ;  Fwber 
distel.  Germ.),  tlie  flower  of  which  alone  is  used,  in  dyeing,  is  an  annual  plant  culti- 
vated in  Spain,  Egypt,  and  the  Levant.  There  are  two  varieties  of  it-  one  which  has 
large  leaves,  and  the  other  smaller  ones.  It  is  the  last  which  is  cultivated  in  Egypt, 
where  it  forms  a  considerable  article  of  commerce. 

Cartliamus  contains  two  colouring  matters,  one  yellow  and  the  other  red.  The  first 
alone  is  soluble  in  water  :  its  solution  is  always  turbid;  with  reagents  it  exhibits  the 
characters  usually  remarked  in  yellow  colouring  matters.  The  acids  render  it  lighter, 
the  allcalies  deepen  it,  giving  it  more  of  an  orange  hue;  both  produce  a  small  dun  pre- 
cipitate, in  consequence  of  which  it  becomes  clearer.  Alum  forms  a  precipitate  of  a 
deep  yellow,  in  small  quantity.  The  solution  of  tin  and  other  metallic  solutions  cause 
precipitates  which  have  nothing  remarkable  in  them. 

The  yellow  matter  of  carthamus  is  not  employed  ;  but  in  order  to  extract  this  por- 
tion, the  carthamus  is  put  into  a  bag,  which  is  trodden  under  water,  till  no  more 
colour  can  be  pressed  out.  The  flowers,  which  were  yellow,  become  reddish,  and 
lose  in  this  operation  nearly  one-half  of  their  weight.    In  this  state  they  are  used. 

For  extracting  the  red  part  of  carthamus,  and  afterwards  applying  it  to  stuff,  the 
property  which  alkalies  possess  of  dissolving  it  is  had  recourse  to,  and  it  is  precipitated 
by  an  acid. 

The  process  of  dyeing  consists,  therefore,  in  extracting  the  colouring  matter  by 
means  of  an  alkali,  and  precipitating  it  on  the  stuff  by  means  of  an  acid. 

This  solution  of  carthamus  is  prepared  with  crystallised  carbonate  of  soda,  and  it  is 
precipitated  by  lemon  juice.  It  has  been  remarked  that  lemons  beginning  to  spoil 
are  titter  for  this  operation  than  those  which  are  less  ripe,  whose  juice  retains  much 
mucilage.  After  squeezing  out  the  lemon  juice,  it  is  left  to  settle  for  some  days. 
The  precipitate  of  carthamus  is  dried  at  a  gentle  heat  upon  plates  of  stone-ware ; 
from  which  it  is  detached  and  very  carefully  ground  with  talc  which  has  been  reduced 
to  a  very  subtile  powder  by  means  of  the  leaves  of  shave-grass  (presle),  and  succes- 
sively passed  through  sieves  of  increasing  fineness.  It  is  the  fineness  of  the  talc,  and 
the  greater  or  less  proportion  which  it  bears  to  the  carthamus  precipitate,  which  con- 
stitute the  difference  between  the  high-  and  low-priced  safiSower  rouges. 

Carthamus  is  used  for  dyeing  silk,  poppy,  imcarat  (a  bright  orange-red),  cherry, 
rose  colour,  and  flesh  colour.  The  process  differs  according  to  the  intensity  of  the 
colour,  and'  the  greater  or  less  tendency  to  flame-colour  that  is  wanted.  But  the  car- 
thamus bath,  whose  application  should  be  varied,  is  prepared  as  follows  :  — 

The  carthamus,  from  which  the  yellow  matter  has  been  extracted,  and  whose  lumps 
have  been  broken  down,  is  put  into  a  trough.  It  is  repeatedly  sprinkled  with  crude 
pearl  ashes  or  soda,  well  powdered  and  sifted,  at  the  rate  of  6  lbs.  for  120  lbs.  of  car- 
thamus ;  but  soda  is  preferred,  mixing  carefully  as  the  alkali  is  introduced.  This 
operation  is  called  amestrer.  The  amestred  carthamus  is  put  into  a  small  trough  with 
a  grated  bottom,  first  lining  this  trough  with  a  closely  woven  cloth.  When  it  is  about 
ha'f  filled  it  is  placed  over  a  large  trough,  and  cold  water  is  poured  mto  the 
upper  one'  till  the  lower  becomes  full.  The  carthamus  is  then  set  over  another 
trouo-h  till  the  water  comes  from  it  almost  colourless  A  little  more  alkali  is  now 
mixed  with  it,  and  fresh  water  is  passed  through  it.  These  operations  are  repeated 
till  the  carthamus  be  exhausted,  when  it  turns  yellow.  .  .     ^       ^    ■  , 

After  distributing  the  silk  in  hanks  upon  the  rods,  lemon  juice,  brought  in  casks 
from  Provence,  is  poured  into  the  bath  till  it  becomes  of  a  fine  cherry  colour ;  this  is 
called  tumine  the  bath.  It  is  well  stirred,  and  the  silk  is  immersed  and  turned  round 
the  skein-sticks  in  the  bath,  as  long  as  it  is  perceived  <o  take  up  the  colour.  For 
ponceau  (poppy  colour),  it  is  withdrawn,  the  liquor  is  run  out  of  it  "P"n  the  peg,  and 
it  is  turned  thi'ough  a  Lw  bath,  where  it  is.  treated  as  m  the  fii.    ^  Af  -  h.s  U  .s 


i^„r;flcm;n  juice  fbr  each 

^l^ie^sTlkt  fo'bc  dTed''--",  or  poppy  colour,  it  must  be  previously  boHcd  as 
for  white  ;  it  must  then  receive  a  slight  foundation  of  arnatto,  as  explained  in  treating 
of  that  substance.    The  silk  should  not  be  alumed. 
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The  7iacarats,  and  the  deep  cherry  colours,  are  given  precisely  like  the  ponceauv 
only  they  receive  no  arnatto  ground ;  and  baths  may  be  employed  which  have  served 
lor  the  ponceau,  so  as  to  complete  their  exhaustion.  Fresh  baths  are  not  made  for  the 
latter  colours,  unless  there  be  no  occasion  for  the  poppy. 

With  regard  to  the  lighter  cherry-reds,  rose  colour  of  all  shades  and  flesh  colours, 
tliey  are  made  with  the  second  and  last  runnings  of  the  carthamus,  which  are  weaker. 
I  he  deepest  shades  are  passed  through  first. 

nJr!!!l'f^^r^  °^       u"'"  ^"  extremely  delicate  flesh  colour,  re- 

vets it  fJomtlnL*",     P"';-?'"  «°^P  lightens  the  colour,  and  pre- 

TnH  o  ,H  K  ■  i.?^-  -speedily,  and  becoming  uneven.  The  silk  is  then  washed 
and  a  httle  brightening  is  given  it  in  a  bath  which  has  served  for  the  deeper  cXirs 

colour  from  being  injured.    It  must  have  been  rem^iTedln  Z  '  P'''-*'"' 

scribed,  that  the  cai^tic  alkalies  attacTthrLtremelv  dpK^^^^^  experiments  just  de- 
makina-  it  nass  to  vpllnw    Thic     A  extremely  delicate  colour  of  carthamus, 

other  flkaline  mattet  '""^^"^  "''^  ''^'""'^  °f  -da  are  preferred  to  the 

counteracting  this  effect  Fo7tbff  r/^   fl  •  "°  '"^^'^  ^^^^  fo'^^d  "f 

shade,  its  dyl  must  bfg  ven  in  a  shadv  1..  '  j'?,^''"'?,'/"'""  ""^'^  ^'''^  the 
preserved  I  much  a^  ?os"b  ^  fr^m  tL'S"  A.e  is  nf  "P  "  '""^^  ^« 

especially  upon  the  dye  in  a  damn  state     Th.  ■    "^""''^      injurious  as  light, 

of  carthamu?  contain  ^only  fivfpa^ts  oL'"!"' "  '  ^'"^ 

linen  or  cotton  rags,  by  saturatinTth«        I-        ■  1  ''"'^     ^^^o^''"  down  on 

rinsed  out  of  thesf  i-ag^  dTssolved^tw  in  ar^lfpf  1^''"''''  '^'^^  ^"l""'" 

lemon  juice.    The  bes?  and  freshest  carth^-^  i  -      T'^         '""'^  Precipitated  by 


Water  -  .  .  _  _ 
Albumen  -  ...  3 
Yellow  colouring  matter  a  - 

Extractive  matter  "- 
Waxy  matter    ...  I 
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Woody  fibre  [ 
Silica    -     .  . 

Sesquioxide  of  Iron  and  Alumina' 
"       »  Manganese 
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1-5 

0-  6 
^6-0 

1-  0 
0-5 


usellrrotcSilTaiJ^  of  safflower  .'^^^Z^, 

of  the  difference  of  theii^had^  bVfore  ^^^ft?//;,?:*'  ^"'""''^  in  consequence 

avoid  this,  he  imparts  to  the  pigment  (consisSn^r  of  fl!^".^''  Tf^  "^'^l^ad.  To 

Sliver)  by  means  of  the  red  of  larthamus  snlZ^//    '         P""?!^'       chloride  of 

^"•bviJJg"??  jfrc«H'fe,,    ' " " 
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day.  It  is  true  that  the  Medallion  Lathe  and  many  other  appliances  for  ornamental 
turning  and  drilling  can  claim  a  much  earlier  origin,  but  these  can  scarcely  be  called 
carving  machines,  and  are  altogether  incapable  of  aiding  the  economy  of  producing 
architectural  decorations  of  any  kind.  We  are  not  aware  of  any  practical  scheme 
for  accomplishing  this  object  prior  to  the  patent  of  Mr.  Joseph  Gibbs,  in  1829, 
■which  -we  believe  was  used  by  Mr.  Nash  in  ornamenting  some  of  the  floors  of  Buck- 
ingham Palace,  and  on  many  other  works  of  inlaying  and  tracery.  The  cutting  of 
ornamental  forms  in  low  relief  seems  to  have  been  the  principal  object  of  the  in- 
ventor ;  and  this  he  accomplished  satisfactorily  by  a  series  of  ingenious  mechanical 
arrangements,  which  greatly  reduced  the  cost,  while  securing  unusual  accuracy  in 
this  kind  of  work.  Some  modifications  of  machinery  for  copying  busts,  bosses,  and 
other  works  in  bold  relief  are  also  described  in  Mr."Gibbs's  patents,  but  these  were 
never  carried  into  successful  practice.  The  tracery  and  inlaying  machine  is  illus- 
trated by  fig.  430,  which  is  a  plan  of  the  machine,    a  is  a  shaft  capable  of  vertical 


430 


TT 


.    ■    V     •  „^  -^Viiph  nre  in  the  fixed  framing  of  the  machine ;  b,  c,  and 
motion  in  its  bearings  ^5";^        ^^^.g^  by  a  short  vertical  shaft  a,  and  securely 

f'  ^^r^r^Jr^TCv^rTbttV  of  a  revolving  tool,  which  is  driven 
keyed  to  the  shaft  a.    ^  he  point  ^^^^^  .^^^^^^^  ^^^^ 

by  the  belts  c^d  e  ^^^^^^^'l^ZlXorl -JiU]  i.k  the  work;  and  k,  I  .  templet 
step;  r,  G,  H,  IS  f  ^  ^  "^ori^ontal  form  of  the  pattern  to  be  produced  in  the  wood; 
l'^:mprtTs1e:u^ly^L^^^^^^^^^  the  top  of  the  work,  or  over  it,  and  the  machine  is 

adjusted  for  action.  ^j^.,^  enables  the  workman  to  lift  or 
There  is  a  treadle  not  sb^^^^^  attached  to  it;  he  can  thus  corn- 
depress  the  shaft  A,  and  tbe  swing  .^^  horizontal  position  with 
mand  the  vertical  position  of  the  tool  witn  -                         .^.j  f^ame 

his  hand  by  the  ^-"^  f  ^iV^T^^^^^^^^^  been  brought  over  one  of 

surrounding  the  mandril     ^ool  boidei .    i  a  ^.^^      ^  ^^p^^ 

the  apertures  of  the  templet  ^^^n  in  rapid  ac uo        ^^^^^    ^^^^^  ^^^^ 
depth  in  the  wood  underneath  and  tb^^  over  the  entire  surface 

with  the  guiding  edges  ^ize  and  form  of  that  opening  in  the  temp- 

of  the  figure,  until  a  recess  ''^.Jt^J^^^}  ^^,1^^^^  other  opening,  and  thus  a  series  of 
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and  these  are  produced  in  the  same  way  from  templels  wliich  will  fit  the  various 
apertures  of  that  first  used;  these  pieces  are  next  glued  into  the  recesses,  and  the 
surface  when  planed  and  polished  exhibits  the  pattern  in  the  various  colours  used. 
For  inlaying  it  is  important  that  the  cutting  edge  of  the  tool  should  travel  in  the 
same  radius  as  the  cylindrical  shaft,  whicli  is  kept  against  the  edge  of  the  templet; 
hut  if  the  tool  is  a  moulded  one,  a  counterpart  of  its  mouldings  will  be  produced  in 
the  work,  while  the  pattern,  in  planes  parallel  to  that  of  the  panel,  will  have  the  form 
of  the  apertures  in  the  templet  used.  In  this  way,  by  great  care  in  the  preparation 
of  the  templets  and  the  fools,  much  of  the  gothic  tracery  used  in  church  architecture 
may  be  produced,  but  the  process  is  more  applicable  to  Bath  stone  than  to  wood  when 
moulded  tools  are  requisite. 

Mr.  Irving's  patents  for  cutting  ornamental  forms  in  wood  and  stone  are  identical 
m  prmciples  of  action  and  in  all  important  points  of  construction  with  the  arrange- 
ments previously  described.  In  that  of  1843  he  particularly  claims  all  combinations 
for  accomplishing  the  purpose,  "provided  the  swing  frame  which  carries  the  cutter 
and  also  the  table  on  which  the  article  to  be  wrought  is  placed,  have  both  the  means' 
of  circular  motion.'  The  pierced  templet  is  the  guiding  power,  and  the  work  and 
templet  are  fixed  on  a  circular  iron  table,  which  is  at  liberty  to  revolve  on  its  axis 
The  swing  frame  which  carries  the  cutter  is  single,  as  in  Mr.  Gibbs's  curved  moulding 
machine,  and  Us  radius  so  adjusted,  that  an  arc  drawn  by  the  tool  would  pass  ove? 
tbe  centre  of  the  circular  table.  The  mode  of  operating  with  this  machine  was  to 
keep  the  shaft  of  the  tool  against  the  guiding  edge  of  (he  templet,  by  the  ioint  move- 
ments of  the  table  on  its  centre,  and  of  the  swing  frame  about  its  shaft;  and  it  will 
be  obvious  that  by  this  means  any  point  of  the  table  could  be  reached  by  the  tool  and 
therefore  any  pattern  of  moulded  work  within  its  range  produced,  in  the  way  already 
described  m  speaking  of  Mr.  Gibbs's  machinery.  But  as  these  modifications  of  thi 
original  idea  are  not,  strictly  speaking,  carving  machines,  seeing  that  they  only  pro- 
duced curved  mouldings,  we  need  not  further  describe  them. 

Perhaps  the  most  perfect  carving  machine  which  has  been  made  for  strictly  artistic 
works  IS  that  used  by  Mr.  Cheverton  for  obtaining  his  admirable  min  ature  reduc 
tions  of  life-sized  statuary;  but  we  can  only  judge^f  the  perfection  of  thrmrchin; 

Jot  maZt  publ'iT      '  "'"■^  ^'^"^  ^  ''''■'^''^  patents,ZtZ 

The  carving  machinery  which  is  best  known,  and  has  been  most  extensively  used 
is  that  invented  by  Mr.  Jordan  and  patented  in  1845,  since  which  date  it  has  bern  in 
TSZT""  "  ""'""'^^       '''^'^  ^^"^  Houses 

Its  principle  of  action  and  its  construction  is  widely  different  from  fT,nf 

?ar  a.";;';  "JT °^  '""^^'^^  ^"^  — ^^^^  wS^L  be  prodlS°i: 

far  as  that  is  possible  by  revolving  tooh;  the  smoothness  of  surface  and  sliarones;  of 
finish  is  neither  possible  nor  desirable,  because  a  keen  ed'e  eufded  bv  .  nr^^f  1 
hand  will  not  only  produce  a  better  finish,  but  it  will  accomplish  this  mJf^of  f/^'^'^f 
at  less  cost;  the  only  object  of  using  machinery  is  to Te^rn  he  cost  o^t^^L^ ^ 

sarily  slow  rate  at  which  these  cut  away  the  material    it  f' 

depends  in  a  great  measut  oV  tLTSn^    ^th^e'^mlt:^^^^^^^^^^^^^  ™« 
ivory,  and  statuary  marble,  should  be  wrought  very  nearlv  to  a  finish    I'nM  ^' 
and  other  soft  woods  should  only  be  roughl?  point  Jd       ^  ' 

^  '4.1  st'^e  lltS^  rndSc%{rre  pa^t°  i^  "^1^  ^  '''^ 

^^fz   bttrhCbro^  "^^^t  p-&'o?s\s 

the  other.  The  first  or  LrkontarJSt  is  X^'^T  u"^''^  """^  '°  ^i*!^ 
^vhich  the  pattern  and  work  are  fixed^  dl  he  mo^fn  ^^^f  " ^'^^^'^^S'tMe,"  &c.,  on 
The  second,  or  vertical  part,  is  that  whSh  SrrTes  th^  °  h  ^'i'  horizontal, 
motion  ofwhich  except\heVevolutionof  the  tods  L  ;^^^^^^^^^^^^  '""^ 

The  horizontal  part  consists  of  three  castino-.;  •  T>.Jk  i    ,  . 
a  railway  supported  on  piers  from  the  Zi  fuH  I  .  ?  •  ^I'^f  ^'  °'  ^'  °'  ^^ich  is 
frame,  t,  j,  k,  l,  mounted  on  wheds  and  fiaveZt  nnl'  k'^^^/'^'^^-    ^he  carrying 
this  frame  are  planed  into  (v)  rails    and  the    5o?tin.?t^»  ^^''^        ^-'d^^  of 

~ed  on  wheels  to  traU  on  Ihe  rJll^frS^J^g  Ke.°' 3,!^,^° 
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"floating-table"  because  it  can  be  moved  in  any  horizontal  direction  with  almost  as 
much  facility  as  if  it  were  a  floating  body.  Primarily  tliis  table  has  two  straight 
lined  motions  at  right  angles  to  each  other,  but  by  combination  of  these  it  may  move 
over  any  figure  in  an  horizontal  plane  ;  and  because  this  is  accomplished  without  an- 
gular motion  about  a  centre,  every  point  in  the  surface  of  the  table  moves  through  the 
same  figure  at  the  same  time;  hence  the  power  of  producing  many  copies  of  a  pat- 
tern simultaneously. 

431 


The  second,  or  vertical  part  of  the  machine,  is  a  ^'^^/'i™"  JF^ 'if^f 
SE^ft:  wot  S{nd^?A  iic~'as  it  ^^^^^^^^^ 

^nd^^^re  ::ran7p?rut;r  tS  tSiSi^Hifts  the  Slide,  and  with  it  the 
"t^lSrto^rSizontal  part  of  the  -^-^^'Z 

carving  which  is  to  be  copied,  and  h        V„^°^°P';^^  re^hand-wheels  U,  v ;  the 
of  the  floating  table  are  managed  ^y.      ^^^^^r^^'J^^' t^^^^^^ 
left  hand,  on  u,  directs  the  If  jal  mot.on  on  the  frame,  a^^^^^^^^^^^      e;mmuuicated  by 
longitudinal  motion  on  the  bed  plate;  the  "^"J^'^"^  the  table,  and  makes  one 

the  cord  X,  X.  which  is  fixed  to  ^''^.'^I'f  ^Tl' """^^^  T^^^  movement  is 

turn  round  a  small  pulley  on  the  axis  of  the  ^^7_^^of  the  bed  plate,  and 

communicated  by  the  cord  z,  which  is  fastened  to  each  end  ot  tne  y 
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makes  one  or  two  turns  round  the  pulley  k.  When  at  work  the  man  stands  inside 
the  frame  of  the  bed  plate,  -with  his  right  foot  on  the  board  ii  and  his  hands  on  the 
steering  wheels;  on  releasing  the  pressure  of  the  fool*  the  vertical  slide  descends  by 
its  unbalanced  weight  until  the  tracer  h  comes  in  contact  with  the  pattern;  the  cut- 
ters m,  III,  are  made  to  revolve  by  steam  power  at  the  rate  of  seven  thousand  times 
per  minute,  and  are  so  shaped  as  to  cut  like  a  I'cvolving  gouge,  so  that  they  instantly 
cut  away  all  the  supei-fluous  material  they  come  in  contact  with;  and,  by  the  time  the 
tracer  has  been  brought  over  every  part  of  the  pattern,  th^  pieces  li,  i,j,  k  will  have 
become  exact  copies  of  it. 

So  far  as  panel  carving  is  concerned  the  whole  machine  has  been  described;  but  it 
is  requisite  to  elaborate  its  construction  a  little  more  for  the  purpose  of  carving  on 
the  round,  and  copying  subjects  which  require  the  blocks  to  be  cut  into  in  all  possible 
directions.  Various  modifications  have  been  used,  but  we  shall  only  explain  that 
which  we  think  best  adapted  to  ornamental  carving.  It  is  not  requisite  that  we 
should  go  into  the  various  applications  of  this  machine,  to  the  manufacture  of 
printing  hlocks,  ship's  hlocks,  gunstocks,  letter  cutting,  tool  handling,  cabinet 
shaping,  &c.  &c.,  all  of  which  have  been  shown  from  time  to  time  to  be  within  its 
power;  nor  is  it  requisite  to  describe  more  recent  inventions  founded  on  it,  as  they 
will  more  properly  come  under  other  heads. 

"When  the  machine  is  intended  to  copy  any  form  which  can  be  carved  by  hand,  the 
floating  table  is  differently  constructed,  but  all  other  parts  remain  as  before.  In  the 
floating  table  used  for  this  purpose,  there  is  an  opening  in  the  centre  of  the  table,  and  a 
turning  plate,  which  is  mounted  a  few  inches  ahove  the  level  of  the  table,  to  turn  in  bear- 
ings in  standards.  Underneath  the  turning  plate,  and  fonning  a  part  of  it,  there  is  an 
arc  of  rather  more  than  half  a  circle,  having  its  centre  in  the  axis  on  which  the  plate 
turns,  and  this  arc  is  cogged  on  its  edge  to  fit  the  threads  of  the  tangent  screw  on 
the  axis  of  the  wheel,  so  that  by  turning  this  wheel,  and  dropping  its  detent  into  any 
cog,  the  workman  can  fix  the  plate  at  any  angle  with  the  horizon.  There  are  three 
chucks  fitted  into  sockets  of  the  turn  plate,  and  these  are  similarly  divided  on  their 
edges  by  holes  or  cogs,  into  which  detents  fall,  so  as  to  secure  them  steadily  m  any 

required  position.  ,       ,    ,     .1.  1 

When  in  use  one  chuck  carries  the  pattern,  and  two  other  chucks  the  work. 
The  process  of  carving  is  precisely  the  same  as  before;  but  in  consequence  of  the 
work  and  pattern  being  so  mounted  that  it  can  be  turned  into  every  possible  position 
with  respect  to  the  cutters,  any  amount  of  undercutting  which  is  possible  in  hand 
carving  is  also  possible  in  machine  carving. 

In  o-oiug  through  the  process  the  workman  will,  of  course,  attack  the  work  when 
it  is  placed  in  a  favourable  position  for  the  tools  to  reach  a  large  portion  of  its  sur- 
face- and  having  completed  as  much  as  possible  on  that  face,  he  will  turn  all  the 
chucks  through  the  same  number  of  divisions;  the  pattern  and  work  will  still  have 
the  same  relative  position  to  each  other  as  before,  but  an  entirely  new  face  of  both 
wiU  be  presented  to  the  tools;  this  will  be  carved  in  like  manner,  and  then  another 
similar  change  made,  and  so  on  until  aU  has  been  completed  which  can  be  reached 
without  changing  the  angular  position  of  the  turnmg  plate.  This  can  be  done  by  he 
wheel  and  when  a  sufficient  number  of  these  changes  have  been  gone  through  the 
work  will  be  complete  on  every  face,  although  the  block  may  have  required  to  be 
pierced  through  in  fifty  different  directions.— T.  B.  J.  ^    ,    i  o 

CASE-HARDENING  is  the  name  of  the  process  by  which  iron  tools,  keys,  &c., 
have  their  surfaces  converted  into  steel. 

Steel  when  very  hard  is  brittle,  and  iron  alone  is  for  many  purposes  as  for  fine 
1  f  ,r+r,r«r.ff  It  is  therefore  an  important  desideratum  to  combine  the  hardness 
ifTktly  su  face  w  th  the  toughness  of  an  iron  body.  These  requisites  are  nn  ted 
fv  the  nLessof  c'Ise-hardenin  which  does  not  differ  from  the  making  of  steel, 
Pvelnt  Fn  the  shoi  ter  duration  of  the  process.  The  property  of  hardening  is  not 
=ld  b%u;e  malleable  iron  but  by  X^IT/ hLlT^^^^^^ 
rnr^TodfSil'or  orameml  irntdK  polished.,  are  first  manufactured 

^^^^^^^ 

thin  because  the  time  j^^,     immersion  of  the  heated  pieces  m 

whole  mass  is  to  be  converted  into  sice  .  lig],^^  by  the  usual  methods, 

water  hardens  the  surface,  which  is  f  "J^'?^  J^j'fJ  foi, receipt  for  case- 
Moxon,  in  his  "Mechanic  Exerc.  es    p^>6  gives  th^^^ 

hardening  -.-"Cow  s  horn  or  ^^sf^^^^^  or  white 

J- ifltl.^?  r;  r  iJS  IKf  illS'^d  bed  it  with  the  same  in  loam,  or 
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enclose  it  in  an  iron  box :  lay  it  on  the  hearth  of  the  forge  to  dry  and  harden :  then 
put  it  into  the  fire,  and  blow  till  the  lump  has  a  blood-red  heat,  and  no  higher,  lest 
the  mixture  be  burnt  too  much.    Take  the  iron  out,  and  immerse  in  water  to  harden." 

When  the  case-hardening  is  required  to  terminate  at  any  particular  part,  as  a 
shoulder,  the  object  is  left  with  a  band  or  projection ;  the  work  is  allowed  to  cool 
without  being  immersed  in  water;  the  band  is  turned  off,  and  the  work,  when  hardened 
in  the  open  fire,  is  only  effected  as  far  as  the  original  cemented  surface  remains.  This 
ingenious  method  was  introduced  by  Mr.  Roberts,  of  Manchester,  who  considers  the 
success  of  the  case-hardening  process  to  depend  on  the  gentle  application  of  the  heat; 
and  that,  by  proper  management  not  to  overheat  the  work,  it  may  be  made  to 
penetrate  three-eighths  of  an  inch  in  four  or  five  hours.  — Holtzapffel 

The  recent  application  of  prussiate  (ferrocyanate)  of  potash  to  this  purpose  is  a 
very  mterestmg  chemical  problem.  The  piece  of  iron,  after  being  polished,  is  to  be 
made  brightly  red-hot,  and  then  rubbed  or  sprinkled  over  with  the  above  salt  in  fine 
powder,  upon  the  part  intended  to  be  hardened.  The  prussiate  being  decomposed, 
and  apparently  dissipated,  the  iron  is  to  be  quenched  in  cold  water.  If  the  process 
has  been  well  managed,  the  surface  of  the  metal  will  have  become  so  hard  as  to  resist 
the  file.  Others  propose  to  smear  over  the  surface  of  the  iron  with  loam  made  into 
a  thin  paste  with  a  strong  solution  of  the  prussiate,  to  dry  it  slowly,  then  expose  the 
whole  to  a  nearly  white  heat,  and  finally  plunge  the  iron  into  cold  water,  when  the 
neat  has  fallen  to  dull  redness.    See  Steel. 

_  CASHMERE  or  CACHEMERE,  a  peculiar  textile  fabric  first  imported  from  the 
kingdom  of  Cashmere,  and  now  well  imitated  in  France  and  Great  Britain  The 
material  of  the  Cashmere  shawls  is  the  downy  wool  found  about  the  roots  of  the  hair  of 
the  Ihibet  goat.    The  year  1819  is  remarkable  in  the  history  of  French  husbandry 
for  the  acquisition  of  this  breed  of  goats,  imported  from  the  East  under  the  auspices  of 
their  government,  by  the  indefatigable  courage  and  zeal  of  M.  Jaubert,  who  encoun- 
tered every  fatigue  and  danger  to  enrich  his  country  with  these  valuable  animals,  aided 
by  the  patriotism  of  M.  Ternaux,  who  first  planned  this  importation,  and  furnished 
T:^       f\e'="''°e  It,  at  his  own  expense  and  responsibility.    He  placed  a  portion 
of  the  flock  brought  by  M.  Jaubert.  at  his  villa  of  St.  Ouen,  near  Paris  where  he 
climate  seemed  to  be  very  favourable  to  them,  since  for  several  successive  years  after 
their  introduction  M.  Ternaux  was  enabled  to  sell  a  great  number  of  both  male  and 
female  goats.    The  quantity  of  fine  fleece  or  down  afforded  by  each  animaUnnuX 
IS  from  a  pound  and  a  half  to  two  pounds.  """nai  annuauy 

The  wool  imported  into  Europe  comes  by  the  way  of  Casan  the  canitnl  of  a 
government  of  the  Russian  empire  upon  the  eastern  bank  of  the  Wolga  •  ffs  natu 
rally  a  greyish  colour,  but  is  easily  bleached.    Its  price  at  Paris  is  aE  W  the  nound 

oJhstrSbt  "  ^"^^  amountsT  about  one  S 

standing  their  improved  fineness  and  quality.  ^  per  cent.,  notwith- 

The  oriental  Cashmere  shawls  are  woven' by  proce=ises  extrpmpW  =1^^  ,  a 

still  better  of  the  Jacquard  loom  11  T^nanT  ^-^t        %  ^  •  draw-loom,  and 

the'Ser'en'Sef  o^r  tt.:it  ^7  "  reading-in  "  the  warp  for 

looms.    The  weaving  of  SrshaX'SeS  '^'^^^^^^ 
as  there  are  colours  in  the  design  and  whioh  lr!T.  '  "^°y 

established  by  the"  rearfer."  Thegreatlrnnmh^^^^^^^^  '''T  ^^''P^^  "''der 
only  at  intervals  into  the  web,  wtf  the  compo^hLn  o^^^^^^^^^  being  introduced 

mam  floating  loose  at  the  bade  of  the  piec"and  are  llt  .lt       '"^^T'  '^'^ 
m  the  least  the  quality  of  the  texture  •  1  nt  t W  t        afterwards,  without  affecting 
weaving,  which  is  worked  up  inrcarpets  ^o^^^'derable  waste  of  stuff  in  thf 

TZ1j:sTt.Val^^^^^^  is  different  from  the  above 

Of  the  pattern  to  be  ^^X^^ ^  S'^Z^ 
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those  used  by  embroiderors)  are  filled  wiih  these  yarns  as  there  are  to  be  colours 
repeated  in  the  breadth  of  the  piece  ;  which  renders  their  number  considerable  when 
the  pattern  is  somewhat  complicated  and  loaded  witU  colours.  Each  of  these  small 
bobbins  or  shuttles  passes  through  <mly  that  portion  of  the  flower  in  which  the  colour 
of  its  yarn  is  to  appear,  and  stops  at  the  one  side  and  the  other  of  the  cloth  exactly  at 
its  limit ;  it  then  returns  upon  itself  after  having  crossed  the  thread  of  the  adjoining 
shuttle.  From  this  reciprocal  intertexture  of  all  the  yarns  of  the  shuttles,  it  results 
that  although  the  weft  is  composed  of  a  great  many  different  threads,  they  no  less  con- 
stitute a  continuous  line  in  the  whole  breadth  of  the  web,  upon  which  the  lay  or  batten 
acts  in  the  ordinary  way.  We  see  therefore  that  the  whole  art  of  manufacturing  this 
Cachemere  cloth  consists  in  avoiding  the  confusion  of  the  shuttles,  and  in  not  striking 
up  the  lay  till  all  have  fulfilled  their  function.  The  labour  does  not  exceed  the  strength 
of  a  woman,  even  though  she  lias  to  direct  the  loom  and  work  the  treddlcs.  Seated  on 
her  bench  at  the  end  opposite  to  the  middle  of  the  beam,  she  has  for  aids  in  weaving 
shawls  from  45  to  52  inches  wide,  two  girl  apprentices,  whom  she  directs  and  instructs 
in  their  tasks.  About  four  hundred  days  of  work  are  required  for  a  Cachemere  shawl 
of  that  breadth. 

In  the  oriental  process  all  the  figures  in  relief  are  made  simply  with  a  slender  pirn 
•without  the  shuttle  used  in  European  weaving.  By  the  Indians  the  flower  and  its 
ground  are  made  with  the  pirn,  by  means  of  an  intertwisting,  which  renders  them  in 
some  measure  independent  of  the  warp.  In  the  Lyons  imitation  of  this  style,  the  leaves 
of  the  heddles  lift  the  yarns  of  the  warp,  the  needles  embroider  as  in  lappet  weaving, 
and  the  flower  is  united  to  the  warp  by  the  weft  thrown  across  the  piece.  Thus  a  great 
deal  of  labour  is  saved,  the  eye  is  pleased  with  an  illusion  of  the  loom,  and  the  shawls 
cost  little  more  than  those  made  b)'  the  common  fly  shuttle. 

Considered  in  reference  to  their  materials,  the  French  shawls  present  three  distinct 
classes,  which  characterise  the  three  fabrics  of  Paris,  Lyons,  and  Nimes. 

Paris  manufactures  the  French  Cachemere,  properly  so  called,  of  which  both  the 
warp  and  the  weft  are  the  yarn  of  pure  Cachemere  down.  This  web  represents  with 
fidelity  the  figures  and  the  shades  of  colour  of  the  Indian  shawl,  which  it  copies  ;  the 
deception  would  be  complete  if  the  reverse  of  the  piece  did  not  show  the  cut  ends.  The 
Hindoo  shawl,  as  woven  at  Paris,  has  its  warp  in  spun  silk,  which  reduces  its  price 
without  impairing  its  beauty  much. 

Lyons,  however,  has  made  the  greatest  progress  in  the  manufacture  of  shawls.  It 
excels  particularly  in  the  textiire  of  its  Thibet  shawls,  the  weft  of  which  is  yarn  spun 
-with  a  mixture  of  wool  and  spun  silk. 

Nimes  is  remarkable  for  the  low  price  of  its  shawls,  in  which  spun  silk,  Thibet  down, 
and  cotton,  are  all  worked  up  together. 

It  appears  that  M.  J  Girard  at  Sevres,  near  Paris,  has  succeeded  best  in  producing 
Cachemere  shawls  equal  in  stuff"  and  style  of  work  to  the  oriental,  and  at  a  lower  price. 
They  have  this  advantage  over  the  Indian  shawls,  that  they  are  woven  without  seams, 
in  a  single  piece,  and  exhibit  all  the  variety  and  the  raised  eff'ect  of  the  eastern  colours. 
Women  and  children  alone  are  employed  in  his  factory. 

CASK.  {Tonneau,'Fr.  ;  Fass,Gtrm.)  Much  ingenuity  has  been  displayed  in  cut- 
ting the  curvilinear  and  bevelled  edges  of  the  staves  of  casks  by  circular  saws.  Sir 
John  Robinson  proposed  many  years  back  that  the  stave  should  be  bent  to  its  true  curve 
against  a  curved  bed,  and  that  while  thus  restrained,  its  edges  should  be  cut  by  two  saws 
s  s,  placed  in  radii  to  the  circle,  the  true  direction  of  the  joint  as  shown  by  the  dotted 
circle  fig.  434,  representing  the  head  of  the  cask.  Mr.  Samuel 
Brown  obtained  a  patent,  in  Nov.  1825,  for  certain  improvements 
in  the  machinery  for  making  casks.  His  mechanism  consists  m 
the  first  place  of  a  circular  saw  attached  to  a  bench,  with  a  slid- 
ing rest,  upon  which  rest,  each  piece  of  wood  intended  to  form  a 
stave  of  a  cask  is  fixed  ;  and  the  rest  being  then  slidden  forward 
in  a  curved  direction,  by  the  assistance  of  an  adjustable  gu'de,  v..  /  \ 
brings  the  piece  of  wood  against  the  edge  of  the  rotatory  saw,  ■"'■-"v;::;:.::'-'' 
and  causes  it  to  be  cut  into  the  curved  shape  required  for  the  .    ,  , 

edge  of  the  stave.  The  second  feature  is  an  apparatus  with  cutters  attached  to  a 
standard,  and  traversing  round  with  their  carrier  upon  a  centre,  by  means  of  which 
the  upper  and  lower  edges  of  the  cask  are  cut  round  and  grooved,  called  chimng  for 
the  purpose  of  receiving  the  heads.  Thirdly,  an  apparatus  'io'/^7,f 
last,  by  which  the  straight  pieces  of  wood  designed  for  the  heads  of  the  cask  a.  e  held 
together,  and  cut  to  the  circular  figure  required,  and  also  the  bevelled  edges  produced. 
And  fourthly,  a  machine  in  which  the  cask  is  made  to  revolve  upon  an  axis,  and  cut- 
ting tool  to  traverse  for  the  purpose  of  shaving  the  external  part  of  the  cask,  and 
bringing  it  to  a  smooth  surface.  ,  t.    •  /.■,♦  *n  tho'\r 

The  pieces  of  wood  intended  to  form  the  staves  of  the  cask  havmg  been  cut  to  their 
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required  length  and  breadth,  are  placed  upon  the  slide-rest  of  the  first  mentioned 
machine,  and  confined  by  cramps  ;  and  the  guide,  which  is  a  flexible  bar,  having  been 
previously  bent  to  the  intended  curve  of  the  stave  and  fixed  in  that  form,  the  rest  is 
then  slidden  forward  upon  the  bench  by  the  hand  of  the  workman,  which  as  it  advances 
(moving  iu  a  curved  direction)  brings  the  piece  of  wood  against  the  edge  of  the  re- 
volving circular  saw,  by  which  it  is  cut  to  the  curved  shape  desired. 

The  guide  is  a  long  bar  held  by  a  series  of  movable  blocks  fitted  to  the  bench  by 
screws,  and  is  bent  to  any  desired  curve  by  shifting  the  screws  ;  the  edge  of  the  slide- 
rests  which  holds  the  piece  of  wood  about  to  be  cut,  runs  against  the  long  guide  bar, 
and  of  consequence  is  conducted  in  a  corresponding  curved  course.  The  circular  saw 
receives  a  rapid  rotatory  motion  by  means  of  a  band  of  rigger  from  any  first  mover- 
and  the  piece  of  wood  may  be  shifted  laterally,  by  means  of  racks  and  pinions  on  the 
side-rest,  by  the  workman  turning  a  handle,  which  is  occasionally  necessary  in  order 
to  bring  the  piece  of  wood  up  to,  or  away  from,  the  saw. 

The  necessary  number  of  staves  being  provided,  they  are  then  set  round  within  a 
confining  hoop  at  bottom,  and  brought  into  the  form  of  a  cask  in  the  usual  wav  and 
braced  by  temporary  hoops.  The  barrel  part  of  the  cask  being  thus  prepared,  in  order 
to  effect  the  chinmg,  it  is  placed  in  a  frame  upon  a  platform,  which  is  raised  up  by  a 
treddle  lever,  that  the  end  of  the  barrel  may  meet  the  cutters  in  a  sort  of  lathe  above  • 
the  cutters  are  then  made  to  traverse  round  within  the  head  of  the  barrel  and  as  thev 
proceed  occasionally  to  expand,  by  which  means  the  bevels  and  grooves  are  cut  on  the 
upper  edge  of  the  barrel,  which  is  called  chining.  The  barrel  being  now  reversed  the 
same  apparatus  is  brought  to  act  against  the  other  end,  which  becomes  chined  in 'like 


The  pieces  of  wood  intended  to  fonn  the  heads  of  the  cask  are  now  to  be  cut  straight 
by  a  circular  saw  in  a  machine  similar  to  the  first  described;  but,  in  the  present  instance 
he  shde-rest  IS  to  move  forward  in  a  straight  course.    After  theiv  straTght  edges  are 
hus  produced,  they  are  to  be  placed  side  by  side,  and  confined,  when  a  sfribing^  cutter 
fbr  hl^ng  trcTsk."''    '  '"'^  collectively  into  the  circular  form  desired 

The  cask  having  now  been  made  up,  and  headed  by  hand  as  usual,  it  is  nlaced 
be  ween  centres,  or  upon  an  axle  in  a  machine,  and  turned  round  by  a  rigged  or  band 
with  a  shaving  cutter  sliding  along  the  bai.  above  it,  which  cutter,  feTuff  made 
to  advance  and  recede  as  ,t  slides  along,  shaves  the  oute^  part  of  the  eak  to  a^smooS 

Mr.  Smart  cuts  the  edges  of  thin  staves  for  small  casks  on  the  ordinary  saw-bench, 
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been  cut,  the  stave  is  released  chan^P^lL  V  ^^S^^'/^'  '^^S.  One  edge  having 
-hich  determine  the  position  fo'r  cuttig  the  secrnf '/'^^l''  against'two  pin! 
common  width.    The^urved  and  bevdlS  block  1  ^•'/fv'"''''"  «^  ""^^ 

enter  a  straight  groove  in  the  bench  Dlrallel  2tt.l  P'°^  PP' 

>s  from  various%easons  foun^TnapSb  e  to  la^tf  T''  ^^'l  T"^'  ^^""^'^g 
shown  in  three  views  fin  43fi  whiw  nA    vf  j     ^"^^^  "nd  these  are  cut,  a1 

is  also  bevelled  to  tU^^f•sS;  tr  LSf.\he%T'^'V'^'''-  ""'''^ 

to  the  edge,  the  two  pins  on  the  undeHide  of  f  b.  hf^l'  ^°  '^"'"^'^  ^•^^t^ble 

99  m  the  saw-bench,  which  cause  the  stavpi  n  c  1°  "''^^^  Srooves 

very  large  circle,  instead  of  in  a  Ut  £  so  th^t^h"*  "  '"^        ^''^  ^ 

the  middle.    Mr.  Smart  observes  (  Tra,T  s!c  ofV^  f  "narrower  than 

whilst  straight,  the  edges  become  chamfeied  aft^  '  '''^"•^  '°  ^^^^^s  cut 
although  theoretically  trong  is  sufficLmrnea   for                  throughout,  which 

obtajned  by  steLifg'tti;i Tn  titabl^^s:  s  £^^7  ^^^^  - 

are  well  steamed,  and  then  sliced  into  S^s 
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at  the  rate  of  200  a  minute,  by  a  process  far  more  rapid  and  economical  than  sawing, 
the  instrument  being  a  revolving  iron  plate,  of  12  or  14  feet  diameter,  -with  two 
radical  knives  arranged  somewhat  like  the  irons^of  an  ordinary  plane  or  spoke- 
shave. 

CASSAREEP  or  CASSIREEPE.  The  concentrated  juice  of  the  roots  of  the  bitter 
cassava,  flavoured  by  aromatics.  It  is  used  to  flavour  soups,  and  other  dishes,  and  is 
the  basis  of  the  West  Indian  dish  pepper-pot.  In  French  Guiana,  the  term  cubion  is 
applied  to  a  similar  condiment. — Pereira. 

CASSAVA.  (Cassave,  Fr.;  Cassava,  Germ.)  Cassava,  or  Cassada Meal,  are  names 
given  to  the  starch  of  the  root  of  the  Munihot  utilissima,  prepared,  in  the  following 
manner,  in  the  West  Indies,  the  tropical  regions  of  America,  and  upon  the  African 
coast.    The  tree  belongs  to  the  natural  family  of  the  EuphorbiacecB. 

The  roots  are  washed,  and  reduced  to  a  pulp  by  means  of  a  rasp  or  grater.  The  pulp 
is  put  into  coarse  strong  canvas  bags,  and  thus  submitted  to  the  action  of  a  powerful 
press,  by  which  it  parts  with  most  of  its  noxious  juice  (used  by  the  Indians  for  poisoning 
the  barbs  of  their  arrows).  As  the  active  principle  of  this  juice  is  volatile,  it  is  easily 
dissipated  by  baking  the  squeezed  cakes  of  pulp  upon  a  plate  of  hot  iron.  Fifty  pounds 
of  the  fresh  juice,  when  distilled,  afford,  at  first,  3  ounces  of  a  poisonous  water,  pos- 
sessing an  intolerable  offensive  smell ;  of  which  35  drops  being  administered  to  a  slave 
convicted  of  the  crime  of  poisoning,  caused  his  death  in  the  course  of  6  minutes,  amid 
horrible  convulsions.* 

The  pulp,  dried  in  the  manner  above  described,  concretes  into  lumps,  which  become 
hard  and  friable  as  they  cool.  They  are  then  broken  into  pieces,  and  laid  out  in  the  sun 
to  dry.  In  this  state  they  afford  a  wholesome  nutriment,  and  are  habitually  used  as  such 
by  the  negroes,  as  also  by  many  white  people.  These  cakes  constitute  the  only  pro- 
visions laid  in  by  the  natives,  in  their  voyages  upon  the  Amazon.  Boiled  in  water 
with  a  little  beef  or  mutton,  they  form  a  kind  of  soup  similar  to  that  of  rice. 

The  Cassava  cakes  sent  to  Europe  are  composed  almost  entirely  of  starch,  along 
•with  a  few  fibres  of  the  ligneous  matter.  It  may  be  purified  by  difpusion  through  warm 
•water,  passing  the  milky  mixture  through  a  linen  cloth,  and  evaporating  the  strained 
liquid  over  the  fire,  with  constant  agitation.  The  starch,  dissolved  by  the  heat, 
thickens  as  the  water  evaporates,  but,  on  being  stirred,  it  becomes  granulated,  and 
must  be  finally  dried  in  a  proper  stove.  Its  specific  gravity  is  r530 — that  of  the 
other  species  of  starch.  ^ 

The  product  obtained  by  this  treatment  is  known  in  commerce  under  the  name  of 
tapioca ;  and  being  starch  very  nearly  pure,  is  often  prescribed  by  physicians  as  an 
aliment  of  easy  digestion.  A  tolerably  good  imitation  of  it  is  made  by  heating,  stirring, 
and  drying  potato  starch  in  a  similar  way. 

The  expressed  juice  of  the  root  of  manioc  contains  in  suspension  a  very  fine  fecula, 
which  it  deposits  slowly  upon  the  bottom  of  the  vessels.  When  freed  by  decantation 
from  the  supernatant  liquor,  washed  several  times  and  dried,  it  forms  a  beautiful  starch, 
-which  creaks  on  pressure  with  the  fingers.  It  is  called  cipipa,  in  French  Guiana ;  it 
is  employed  for  many  delicate  articles  of  cookery,  especially  pastry,  as  also  for  hair 
powder,  starching  linen,  &c.  This  is  imported  into  England  from  Eio  Janeiro  as 
Brazilian  arrow  root. 

Cassava  flour,  as  imported,  may  be  distinguished  from  arrow  root  and  other  kmds 
of  starch,  by  the  appearance  of  its  particles  viewed  in  a  microscope.  They  are 
spherical,  all  about  Toiroth  of  '^^  diameter,  and  associated  in  groups ;  those  of 

potato  starch  are  irregular  ellipsoids,  varying  in  size  from  jj^th  to  jtfcjth  of  an 
inch  ;  those  of  arrow  root  have  the  same  shape  nearly,  but  vary  m  size  from  jJothto 
of  an  inch  ;  those  of  wheat  are  separate  spheres  ^^th  of  an  inch. 
The  formula  of  Cassava  starch  is,  C'^H">0">,  like  the  other  starches.    See  Tapioca. 
Cassava  has  for  some  years  been  imported  into  France,  from  Martinique,  as  la  mous- 

sache  and  la  cipipa.  ,      ,  /.     n        •        rru  • 

CASSIA.  (Ciiinaviomum  cassia.)  A  bark  employed  for  flavouring.  I  he  cin- 
namon cassia  is  a  native  of  China,  and  is  cultivated  in  Java.  It  is  imported  from 
Singapore,  Calcutta,  Bombay,  and  Manilla.    In  1856  wc  imported  1,408,021  lbs.,  the 

computed  real  value  being  £46,575.  ■   ,    ,       a  k„..i.  o^„ 

CASSIA  BUDS     (Ftores  cassice  immature.)    The  cassia  buds  and  bark  are  both 
obtained  from  the  same  tree  (Beeves).    "  According  to  the  latest  observations  which 
the  elder  Nees  has  made  known,  cassia  buds  are  the  calyces  {Fruchtkelche)  of  Cinnamo- 
mum  aromaticum,  about  |th  of  their  normal  size.    It  is  ^^^^ 
collected  from  CinnamomZm  dulce  which  is  found  in  Chm^."  -  Martms,  quoted  by 

^'rhe  E:cports  of  Cassia  buds  from  Canton  in  1831  were  177,866  lbs.;  and  in 
«  Memoir  of  Dr.  Fermin,  communicated  to  the  Academy  of  Berlin,  concerning  experiments  made  M 
Cayenne,  upon  the  juice  of  tlie  Manioc. 
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1832  the  Imports  into  Great  Britain  were  75,173  lbs.  la  1856  the  Imports  were 
119,270  lbs. 

CASSIS,  the  black  currant  {Ribes  nigra.  Linn.),  which  was  formerly  celebrated  for 
its  medicinal  properties  with  very  little  reason. 

The  only  technical  use  to  which  it  is  now  applied  is  in  preparing  the  agreeable  liqueur 
called  ratafia,  by  the  following  French  recipe: — Stone  and  crush  3  pounds  of  black  cur- 
rants, adding  to  the  magma  1  drachm  of  cloves,  2  drachms  of  cinnamon,  4  quarts  of  spirit 
of  wine,  at  98°  Baume,  and  2i  pounds  of  sugar.  Put  the  mixture  into  a  bottle  which 
is  to  be  well  corked ;  let  it  digest  for  a  fortnight,  shaking  the  bottle  once  daily  during 
the  first  8  days ;  then  strain  through  a  linen  cloth,  and  finaUy  pass  through  filterinff 
paper.  ° 

CASSITERITE.  Oxide  of  Tin;  Stream  Tin.  Stream  tin  is  the  alluvial  </^im 
of  tm  veins.  (See  Tm  Ore.)  This  is  one  of  the  very  objectionable  names,  of 
which  a  very  great  number  have,  of  late  years,  been  introduced  mto  the  science  of 
JVlineralogy. 

C  ASSI  US,  purple  powder  of.  A  preparation  used  in  the  arts  as  a  colour,  chiefly  for 
stained  glass  and  porcelain.  It  is  also  employed  in  medicine  by  some  French  physicians 
and  has  been  prepared  in  the  following  manner:  —  10  parts  of  acid  chloride  of  ffo!d 
are  dissolved  in  2000  parts  of  water.  In  another  vessel,  10  parts  of  pure  tin  are  dis- 
so  ved  in  10  parts  of  nitric  acid  mixed  with  20  parts  of  hydrochloric  acid,  and  this 
solution  IS  diluted  with  1000  parts  of  distilled  water.  The  solution  of  tin  is  added  by 
degrees  to  that  of  the  acid  chloride  of  gold,  so  long  as  any  precipitate  results.  This 
IS  allowed  to  subside;  it  is  then  washed,  filtered,  and  then  dried  at  a  very  gentle  heat. 
The  tin  salt  above  used  contains  both  the  protoxide  and  binoxide  in  certain  proportions. 
The  double  compound  of  chloride  of  tin  with  sal  ammoniac,  called  the  pink  salt  of  tin, 
nnflwifp  f'-'l       -T''  altered  by  the  atmosphere,  is  of  definie  composition 

?nn  I  w  foiled  with  metal  ic  tm  it  takes  up  just  so  much  as  will  form  the  protochloride 
100  parts  of  pink  salt  require  for  this  purpose  107  parts  of  metallic  tin 
th™nr%  '"^y'^"^^^^^^^^  of  Chemistry,"  gives  the  following  account  of 

the  purple  of  cassius,  and  of  its  preparation.  "  When  protochloride  of  tm  is  added  to 
a  dilute  solution  of  gold  a  purple  powder  falls.  It  is  obtained  of  a  finer  int  when 
protochloride  of  tm  is  added  to  a  solution  of  the  sesquichloride  of  iron  tiU  the  colour 

of  silver,  under  borax,  to  prevent  thfoxidatforof^^^^^^^^^^^  of  tin  and  15  parts 

containing  an  association  of  three  atoms  of  w^-  ^°     '  °^  combination 

of  iron,  spinele,  Franklinite,  ar^i  oSe^mlS^  ^  T'^^^'f'^  f  ""^"'^  "''''^"^ 

how  readily  the  powder  of  Cassius  as  thus  r^nrpt;.!^'  "      ^  ''"''•^  ^'""""^^ 

of  cTtJSa'TeV:^a?e'tto  la5etS^^^^^^  T^'^  t'^  °"  ^  -^"tion 
appearance  is  produced  iTtS  soap  tv  addiL  af  ,oo°^^  "^^^  "^^'"^'^^ 

from  the  spent  ley,  a  fresh  quantitv  of  iJl  nnf'  "^^^^e  and  separated 

sulphate  of  iron.^'  A  pfecimtate  o  'fd^'  .j'^^ediately  a  solution  of  the^roto- 
the  dark  coloured  strea'ks  to' £f  soap,    t  exposur  "to  tlW  'T'^'  ^'^1  this 'gives 

adSnSo^f  an?,™/?fVn";S;L^^^^^  -  ^  scoured  by 

creosote  to  dilute  sulphuric  acid?  zinc^nl  bmss  yield  f^^'-^^  "'^P^''^^''^^, 
economy  of  labour,  time,  and  material  ^  ^  ^^"^^  method,  with  great 

CASTOR.    The  Beaver.    See  Furs 

CASTOR,  or  CASTORFTTM     'rw  ■  ■ 

(Castor  fiber),  contained  in  pear-shapS  celklVr'of'J,™- *°  ^  ''7^''°°  ^he  Beaver 
organs  of  both  the  male  and  femaS  ITs  iT  is  f  ^Xstln^^  "'T''  ^eniUl 
musk,  of  a  consistence  similar  to  thick  honey    It  h\f  n  Ifl  civet  and 

penetrating,  f.t.d,  and  very  volatile  -cirbtit!\wren  S^ed^rbefom:;  S^^^^^ 
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Several  chemists,  and  in  particular  Bouillon,  Lagrange,  Laugier,  and  Hildebrandt 
have  examined  castor,  and  found  it  to  be  composed  of  a  resin,  a  fatty  substance  a 
volatile  oil,  an  extractive  matter,  benzoic  acid,  and  Seme  salts.  ' 

The  mode  of  preparing  it  is  very  simple.  The  sacs  are  cut  off  from  the  castors 
when  they  are  killed,  and  are  dried  to  prevent  the  skin  being  affected  by  the  weather. 
In  this  state  the  interior  substance  is  solid,  of  a  dark  colour,  and  a  faint  smell ;  it 
softens  with  heat,  and  becomes  brittle  by  cold.  Its  fracture  betrays  fragments  of  mem- 
branes,  indicating  its  organic  structure.  When  chewed,  it  adheres  to  the  teeth  some- 
what like  wax;  it  has  a  bitter,  slightly  acrid,  and  nauseous  taste. 

The  castor  bags,  as  imported,  are  often  joined  in  pairs  by  a  kind  of  ligature. 
Sometimes  the  substance  which  constitutes  their  value  is  sophisticated  ;  a  portion  of 
the  castoreum  being  extracted,  and  replaced  by  lead,  clay,  gums,  or  some  other 
foreign  matters.  This  fraud  may  be  easily  detected,  even  when  it  exists  in  a  small 
degree,  by  the  absence  of  the  membranous  partitions  in  the  interior  of  the  bags,  as 
well  as  by  the  altered  smell  and  taste. 

The  use  of  castoreum  in  medicine  is  considerable,  especially  in  nervous  and  spas- 
modic diseases ;  and  it  is  often  advantageously  combined  with  opium. 

In  English  commerce,  two  varieties  of  American  castor  are  made :  one  called  the 
Hudson's  Bay  and  the  other  the  Canadian — though  both  are  imported  by  the  Hud- 
son's Bay  Company.    Castor  is  only  used  medicinally. 

CASTOllINE.  A  substance  existing  in  castoreum.  (See  Castor.)  Its  chemi- 
cal formula  is  not  known,  and  its  entire  history  requires  to  be  freshly  investigated.  It 
is  obtained  by  treating  the  secretion  of  the  castors  with  hot  alcohol,  and  filtering 
through  a  Platamour's  ebullition  funnel.  On  cooling,  the  alcohol  deposits  crystals  of 
a  fatty  substance.  The  castorine  is  retained  Ln  the  mother  liquor,  and  is  procured  by 
evaporation  on  the  water-bath  to  a  small  bulk,  and  then  setting  aside  to  allow  crystals 
to  form.  Castorine  crystallises  in  needles  possessing  a  slight  odour  of  castoreum. — 
C.  G.  W. 

CASTOR  OIL.  The  expressed  oil  of  the  seeds  of  the  Palma  Christi  or  Ricinus 
communis,  a  native  tree  of  the  "West  Indies  and  South  America  ;  but  which  has  been 
cultivated  in  France,  Italy,  and  Spain. 

In  England  the  castor  oil  is  expressed  from  the  seeds  by  means  of  powerful  hydrau- 
lic presses  fixed  in  rooms  artificially  heated.  It  is  purified  by  repose,  decantation, 
and  filtration,  being  bleached  in  pale-coloured  Winchester  quart  bottles  which  are 
exposed  to  light  on  the  tops  of  houses.  Unbleached  castor  oil  is  certainly  more  acrid 
and  possesses  more  purgative  properties  than  such  as  has  been  long  exposed  to  the 
light ;  we  may  therefore  infer  that  the  acrid  resin  of  the  oil  has  undergone  some  che- 
mical change.  In  America  the  oil  is  expressed  from  the  seeds  by  pressure  between 
heated  plates.  In  the  East  Indies,  women  shell  the  fruit;  the  seeds  are  placed  between 
rollers  and  crushed  ;  they  are  then  put  into  hemp  cloths,  and  pressed  in  the  hydraulic 
press.  The  oil  thus  procured  is  afterwards  heated  with  water  in  a  tin  boiler,  until  the 
water  boils,  by  which  the  mucilage  or  albumen  is  separated  as  a  scum.  The  East 
Indian  castor  oil  is  sold  in  England  as  cold  drawn.  The  following  is  the  composition 
of  castor  oil :  — 

Ure.  Saussure. 

Carbon   74-00  74-178 

Hydrogen   10-29  10-034 

Oxygea  15-71  14-718 

100-00  100-000 

C  AT  ALYSIS.— A  term  introduced  to  denote  the  very  peculiar  phenomenon  of  one 
body  establishing,  by  its  mere  presence,  a  like  condition  in  another  body  to  that 
which  exists  in  itself.  Thus  a  piece  of  meat  undergoing  the  putrefactive  fermen- 
tation, almost  immediately  sets  up  a  similar  action  in  fresh  meat,  or  produces  m  a 
saccharine  fluid  that  motion  which  is  known  as  vinous  fermentation.  The  action  ot 
the  yeast  plant  —a  living  organisation,— establishes  an  action  throughout  a  large  quan- 
tity of  an  infus'ionof  malt,— /erme)t«a<wn,  or  that  disturbance  which  leads  to  the  con- 
version of  sugar  into  alcohol.  This  catalytic  power  is  iU  understood,  and  we  are 
content  to  hide  the  imperfection  of  our  knowledge  under  a  sounding  name. 

CATECHINE  Catechuic  Acid.  When  Gambir  catechu  is  treated  with  water, 
an  insoluble  residue  is  left,  which  has  been  termed  by  Nees  resinous  tanmn.  Its  com- 
position is  C'^Hi'Os.  .     .  .    .     J  r      ,t,„  „f 

CATECHU,  sometimes  called  Terra  Japomca,  is  an  extract  made  from  the  wood  ot 
the  tree  Mmosa  catechu,  which  grows  in  Bombay,  Bengal,  and  other  parts  of  India- 
It  is  prepared  by  boiling  the  chips  of  the  interior  of  the  trunk  m  ^  at^^r,  evaporating 
the  solution  to  the  consistence  of  syrup  over  the  fire,  and  then  exposing  it  >n  the  sun 
to  harden.    It  occurs  in  flat  rough  cakes,  and  under  two  forms.    The  first,  or  tne 
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Bombay,  is  of  uniform  texture,  of  a  dark  red  colour,  and  of  specific  gravity  1  -39.  The 
second  is  more  friable  and  less  solid.  It  has  a  chocolate  colour,  and  is  marked  inside 
with  red  streaks.    Its  specific  gravity  is  1  -28. 

According  to  Sir  H.  Davy,  these  two  species  are  composed  as  follows  ;  — 


Tannin        -          -          -  _ 
Extractive   -          -          -  _ 
Mucilage     -          -          -  . 
Insoluble  matters,  sand,  and  lime 

Bombay. 

Bengal. 

54-5 
34-0 
6-5 

5 

41-5 
36-5 

8 

7 

100-0 

100-0 

r.vlnn  fnr    V  I.  "^v*"  ^'^^^  ^""^  is  prepared  from  them  in 

Ceylon,  for  which  purpose  they  are  cut  into  pieces,  watered  in  L  earthen  pot  with 
solution  of  nitre,  and  have  a  little  of  the  bark  of  a  species  of  mimosa  added  to  hem 
The  liquor  IS  then  boiled  with  the  nuts,  and  affords  an  inspissated  decoction 

Good  catechu  is  a  brittle  compact  solid,  of  a  dull  fracture.  It  has  no  smell  but  a 
very  astringent  taste.  Water  dissolves  the  whole  of  it,  except  the  earthv  'm^nlr 
which  IS  probably  added  during  its  preparation.  AlcohordSlves  its  taLTn  and 
^Iol.T.\J:J:^^^^  '•^^•l^^^'i  '°«°l°We  in  alcohol,  by 

e^aptalgt  dryness.  "         '  "^""^  "  *°  ^ 

The  tannin  of  catechu  differs  from  that  of  galls,  in  being  soluble  In  alcohol  an^ 

It  has  been  long  employed  in  India  for  tanning  skins,  where  it  is  W,^  tn  pfl>«.f  tT,:^ 

the  per-chloride  of  tin  III  ':^lSo:VZ;r:nZ^^^^^  ^t"" ' 

acetate  of  alumina  alone,  a  reddish  brown,  and,  w  th  nitrate  TconoetT  ..T^A  ' 
grei/;  nitrate  of  iron,  a  dark-brown  grey.    For  dveinir  a  ^oldpn  Iff  V 
h.s  entn-ely  superseded  madder;  one%U  of^H^fng  "^^^^^^^^^ 

mal\'f^h''e^.ii^t;t£:ffhVsh  The  na„,e  given  to  cords 

the  body  of  the  animal,  are  to  be  cleared  of  frr.tlp^.  '         i^I^e^V^''^  ™ 
fat,  and  washed  in  a  tui,  of  wate^  T^e  sllf  ends  of'al  tb'  ^^'f^y'''^  adhering 
tied  together,  and  laid  on  the  edge  of  the  Uib  whil  tht  h.H  '°t^«hnes  are  next  to  be 
in  some  water,  frequently  changfd  durinVtwo  d.!«  ^      ^^  ^^f'  *°  ^'^ep 

and  mucous  membranes^  The  bu'ndk  oTimesSi  .°  peritoneal 

which  overhangs  the  tub,  and  theivtrf^Vr^^^^^^^^^^  table 
if  the  external  membrane  will  come  awn,,  fr-,oi  ".f"'^"  t^ie  back  of  a  knife,  to  try 
camference.    This  substanle  s  cXd  rv^the  Fr^P^I,  ^'^^^  "^^ir  cir- 

process^/...  If^e  attempt  to  reive  ^t  tv  be J^n^'"^°f'?'T'''^^^  the 
testine,  we  shall  not  succeed.    Sltand^l^^^T'^'l  large  end  of  the  in- 

and  to  make  the  cords  of  rackets  J^dCtfeLrer^S  fl     f ''"'^  *° 
fresh  water,  and  after  steeping  a  n^ghF are  taken  oJt       ^  f P'^'  ^n*" 

the  wooden  bench  with  the  roLded^  back  of  a  k""!    1^^^  ^^y> 
The  large  ends  are  now  cut  off,  and  sold  to  tL      t  J  ^  "  ''^"^'^  "^"""^  ^"f- 
again  steeped  for  a  night  in  fresh  wJter  id  tW"^^    ^  ^  5  '^^^  ^''^ 

made  by  adding  4  ounces  of  potash,  and  as  much  p  aS  t'^  '°  "i"^"""" 
ing  about  3  or  4  imperial  gallons.  ThisTerk  no^^r •  '  ^  ^^'^  <=°°tain- 
the  intestines,  and  poured^fF  again  after  2  or  IXZt  'f'T^'''^"  quantities  upon 
are  now  drawn  several  times  through  an  open  Lass  thil/^'^  T  P""^'^'^-  They 
with  the  nail,  in  order  to  smooth  and  equalise  theL  surC  ' ^'^''f  ^^^'^^t  " 
according  to  their  sizes,  to  suit  different  purposes  ^^^^  ^''^  '^^t'^  s°"ed, 

the^r?eachSctn  tt^^ iSt^sttr.T'^  ^^^'^  ^7 

cord  IS  put  into  the  frame,  and  each  end  is  twi.toi  =       !  '^"'^  ^^no^th.  The 

made  out  of  two  guts  twisted  together  WheTfj.lT  f/^  %'°I"^'P^  ^'^'dom 
twice.    It  may  also  be  dyed  black  with  common   nl  '  '       °  ^  s^Phured  once  or 
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sell  for  the  purpose.   The  guts  take  the  dyes  readily.  After  being  well  smoothed,  the 
cord  is  to  be  dried,  and  coiled  up  for  sale. 

Hatter's  Cord  for  Bowstrhigs.  —  The  longest  and  Jargest  intestines  of  sheep,  after 
being  properly  treated  with  the  potash,  are  to  be  twisted  4,  6,  8,  10,  or  12  together, 
according  to  the  intended  size  of  the  cord,  which  is  usually  made  from  15  to  25  feet 
long.  This  cord  must  be  free  from  seams  and  knots.  When  half  dry,  it  must  be  ex- 
posed twice  to  the  fumes  of  burning  sulphur;  and,  after  each  operation,  it  is  to  be 
well  stretched  and  smoothed  :  it  should  be  finally  dried  in  a  state  of  tension. 

Clockmaker's  Cord. —  This  cord  should  be  extremely  thin,  and  be  therefore  made 
from  very  small  intestines,  or  from  intestines  slit  up  in  their  length  by  a  knife  fitted 
for  the  purpose,  being  a  kind  of  lancet  surmounted  with  a  ball  of  lead  or  wood.  The 
wet  gut  is  strained  over  the  ball  which  guides  the  knife,  and  the  two  sections  fall  down 
into  a  vessel  placed  beneath.  Each  baud  pulls  a  section.  Clockmakers  also  make  use 
of  stronger  cords  made  of  2  or  more  guts  twisted  together. 

Fiddle  and  Harp  Strings. — These  require  the  greatest  care  and  dexterity  on  the  part 
of  the  workmen.  The  treble  strings  are  peculiarly  difiicult  to  make,  and  are  made  at 
Naples,  probably  because  the  Neapolitan  sheep,  from  their  small  size  and  leanness, 
afford  the  best  raw  material. 

The  first  scraping  of  the  guts  intended  for  fiddle-strings  must  be  very  carefully  per- 
formed ;  and  the  alkaline  leys  being  clarified  with  a  little  alum,  are  added,  in  a  pro- 
gressively stronger  state  from  day  to  day,  during  4  or  5  days,  till  the  guts  are  well 
bleached  and  swollen.  They  must  then  be  passed  through  the  thimble,  and  again 
cleansed  with  the  lixivium ;  after  which  they  are  washed,  spun,  or  twisted  and  sul- 
phured during  two  hours.  They  are  finally  polished  by  friction,  and  dried.  Some- 
times they  are  sulphured  twice  or  thrice  before  being  dried,  and  are  polished  between 
horsehair  cords. 

It  has  been  long  a  subject  of  complaint,  as  well  as  a  serious  inconvenience  to  mu- 
sicians, that  catgut  strings  cannot  be  made  in  England  of  the  same  goodness  and 
strength  as  those  imported  from  Italy.  These  are  made  of  the  peritoneal  covering  of 
the  intestines  of  the  sheep;  and,  in  this  country,  they  are  manufactured  —  at  White- 
chapel,  and  probably  elsewhere,  —  in  considerable  quantity;  the  consumption  of  them 
for  harps,  as  well  as  for  the  instruments  of  the  violin  family,  being  very  great.  Their 
chief  fault  is  weakness  ;  whence  it  is  difficult  to  bring  the  smaller  ones,  required  for 
the  higher  notes,  to  concert  pitch ;  maintaining  at  the  same  time,  in  their  form  and 
construction,  that  tenuity  or  smallness  of  diameter  which  is  required  to  produce  a 
brilliant  and  clear  tone. 

The  inconvenience  arising  from  their  breaking  when  in  use,  and  the  expense  m  the 
case  of  harps,  where  so  many  are  required,  are  such  as  to  render  it  highly  desirable 
to  improve  a  manufacture  which,  to  many  individuals  may,  however,  appear  suf- 
ficiently contemptible.  •     ,  r 

It  is  well  known  to  physiologists,  that  the  membranes  of  lean  animals  are  far  more 
touo-h  than  of  those  animals  which  are  fat  or  in  high  condition;  and  there  is  no  reason 
to  doubt  that  the  superiority  of  the  Italian  strings  arises  from  the  state  of  the  sheep  in 
that  country  In  London,  where  no  lean  animals  are  slaughtered,  and  where,  indeed, 
an  extravagant  and  useless  degree  of  fattening,  at  least  for  the  purpose  of  food,  is 
eiven  to  sheep  in  particular,  it  is  easy  to  comprehend  why  their  membranes  can  never 
afPord  a  material  of  the  requisite  tenacity.  It  is  less  easy  to  suggest  an  adequate 
remedv;  but  a  knowledge  of  the  general  principle,  should  this  notice  meet  the  eyes 
of  those  interested  in  the  subject,  may  at  least  serve  the  purpose  of  dimmishing  he 
evil  and  improving  the  manufacture,  by  inducing  them  to  choose  in  the  market  he 
offal  of  such  carcases  as  appear  least  overburthened  with  fat.  It  is  probable  that 
such  a  manufacture  might  be  advantageously  established  in  those  parts  of  the  country 
where  the  fashion  has  not,  as  in  London,  led  to  the  use  of  meat  so  much  overfed  ;  and 
U  is  equany  likely,  that  in  the  choice  of  sheep  for  this  purpose,  advantage  ^^ould  ar.se 
froL  usTng  the  Wdsh,  the  Highland,  or  the  Southdown  breeds  m  preference  to  those 
tTchTke  the  Lincoln,  are  prone  to  excessive  accumulations  of  fat.  It  is  equally  pro- 
bable that  sheep  dying  of  some  of  the  diseases  accompanied  by  emaciation,  would  be 

^^S'[h:S's:gg\°st\ons'ai;'Tot  merely  speculative  is  proved  by  comparing  the 

non-azotised^purgative^s^^^^^^^^^^^^^^^ 


\_,Ai  UAH  x  iJ.    •  nvpmrp  it  an  alcoholic  extract  of  senna  leaves  is  to  be 

II  orTed  ToTrVn  sT^nd'tL^iiratJ^ ^ith  water  as  long  as  anything  is  dissoh.d. 
Thr°aquSursoluLn  Contains  the  cathartine  mixed  with  severa  im^^^ 
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The  solution  flowing  through  contains  excess  of  lead,  which  must  be  removed  by- 
passing a  current  of  hydrosulphuric  acid  gas  through  it  and  again  filtering.  The 
solution  now  contains  (according  to  MM.  Lassaigne  and  Feneulle)  the  cathartine, 
and  is  to  be  evaporated  to  dryness  to  remove  the  water  and  acetic  acid.  It  is  plain 
that  such  a  mode  of  preparation  oifers  no  guarantee  for  the  purity  of  the  resulting 
substance.  —  C.  G.W. 

CAT'S  EYE.  A  translucent  quartz,  presenting  peculiar  internal  reflections. 
This  effect  is  said  to  be  owing  to  filaments  of  asbestos.  When  cut  en  cabochun,  it  is 
esteemed  as  an  ornamental  stone. 

CAUSTIC.  Any  chemical  sub.stance  corrosive  of  the  skin  and  flesh ;  as  potash, 
called  common  caustic,— and  nitrate  of  silver,  called  lunar  caustic,  by  surgeons. 

CAVIAR.  The  salted  roe  of  certain  species  of  fish,  especially  the  sturgeon.  This 
product  forms  a  considerable  article  of  trade,  being  exported  annually  from  the  town 
of  Astrakhan  alone,  upon  the  shores  of  the  Caspian  sea,  to  the  amount  of  several 
hundred  tons.  The  Italians  first  introduced  it  into  Eastern  Europe  from  Constan- 
tmople,  under  the  name  of  caviale.  Russia  has  now  monopolised  this  branch  of  com- 
merce.   It  is  prepared  in  the  following  manner  :  — 

The  female  sturgeon  is  gutted;  the  roe  is  separated  from  the  other  parts,  and  cleaned 
by  passmg  it  through  a  very  fine  scarce,  by  rubbing  it  into  a  pulp  between  the  hands  : 
this  IS  afterwards  thrown  into  tubs,  with  the  addition  of  a  considerable  quantity  of 
salt;  the  whole  is  then  well  stirred,  and  set  aside  in  a  warm  apartment.  There  is 
another  sort  of  caviar,— the  compressed,— in  which  the  roe,  after  having  been  cured 
pressure"  "^"^"^  '^^^'^  ^  su^gected  to  strong 

^^.^a''^    The  Englisb  miner's  name  for  sulphate  of  baryta,  or  heavy  spar. 

CEDAR.  iCedre,  Fr.;  Ceder,  Germ.)  The  cedar  of  Lebanon,  or  great  cedar  (Piiius 
cedrus)  IS  a  cone-bearing  tree.  This  tree  has  been  famous  since  the  days  of  Solomon, 
Cie°te"and  Africa  ^^'"P^^-    ^he  wood  has  been  obtained  from 

Specimens  have  also  been  procured  from  Morocco,  showing  the  probability  that  the 

hPt!L  n'  ""^  • '''f"^'  0°^".'"  ^^"^^  g'«"P  of  iSountains  which  is  situate 
between  Damascus  and  Tripoli  m  Syria,  and  which  includes  the  Libauus  and  Mounts 

tZn^J^t  .  various  others,-but  that  its  distribution  on  the 

mountainous  regions  of  North  Africa  is  extensive 

rr.lf^^f'^^      ^""^  *°  ^^'^^  an-i  file  cedar  wood  mentioned  by 

many  of  the  ancient  witers  referred  exclusively  to  the  Lebanon  species  we  mus^ 
beheve  that  its  distribution  at  one  period  extended  over  countries  where  no^ra^e  of 
and  Trr^h""'"^  """^  '■•'"I™!:    ^SyP*'  Crete,  and  Cyprus  are  mentioned  by  Pliny 

from  if  '  ^^""^  ^""T*  P/'".«'Pa"y  it  is  used  for  the  manufacture  of  pencils  Id 
JnfdSj'r^r'  "^^"^^  °'  -       made  inCmalches 

The  general  use  of  the  cedar  wood  dates  from  the  highest  antiouitv    Plinv  n.«v»<, 

fr/m  Stl^teSeVy'^sIS^^^^^^  l^>-ry  Jt  is  difficult, 

and  what  belongs  to  other'conifer^us  specieT;"!^!  we  c'S'lnoV 
that  a  wood  called  cedar,  distinguished  for  i  s   nconnnflw?     .  "'-'amty  is 

used  for  purposes  most  important  in  the  ^es  of  ^Xa^  viz  in^rT  "^T'^^''^ 
decoration  of  their  temples,  and  for  the  statues  or  mag^es^o^'thei^herop!     f '"f  ""'^ 

The  peculiar  balsamic  odour  of  cedar  has  lonp-  Wn  Ti  r  """"^  S^'^s. 

articles  from  the  attacks  of  insects  •  cWrandVwll  ill  preserve 
way  kept  in  collections  of  linen,  p^perranfoWe^^^^^^^  """^^  i°  'i'  ^ 

been  recommended,  or  at  least  th^  ^ 
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the  popular  character  may  receive  its  due  limitation,  it  may  he  useful  to  call  attention 
to  some  facts  when  cedar  is  employed  as  a  means  of  preservation. 

That  the  odoriferous  substance  when  diti'used  may  affect  some  forms  of  organic 
life,  is  not  disputed,  but  it  is  as  probable  some  of  the  effect  may  be  due  to  covering 
the  insect  with  a  coating  of  varnish,  alike  irritating  and  interfering  with  the 
texture  of  the  surfaces  of  the  body  ;  but  the  rule  cannot  be  general ;  if  the 
creatures  have  a  sufficient  hardihood  they  may,  and  indeed  do,  attack  the  wood 
itself. 

The  following  cases  will  show  that  the  substances  emanating  from  cedar  may  pro- 
duce unexpected  interference.  Mr.  Vulliamy  states  that  George  III.  had  a  cabinet 
in  the  observatory  at  Kew  with  drawers  of  cedar  wood  in  them  ;  watches  were 
placed  with  the  intention  of  keeping  them  going.  In  a  short  time  they  all  came  to 
rest;  the  experiment,  however,  repeated  had  the  same  result:  on  examination,  the 
oil  used  in  different  parts  of  the  watches  was  found  to  be  completely  changed  into  a 
substance  like  gum.  Mr.  Farey's  observations,  also  communicated  to  the  Institution 
of  Civil  Engineers,  still  more  show  the  extraordinary  atmosphere  produced  in  close 
cabinets  of  cedar  wood,  and  of  the  effects  upon  delicate  objects.  The  late  Mr.  Smith,  of  • 
Derby  having  shown  him  a  small  collection  of  minerals  which  had  been  locked  up  in 
closely  fitted  drawers  of  cedar  wood  ;  on  opening  the  drawers  for  the  first  time  after 
some  months,  the  minerals  were  found  to  be  covered  with  a  gummy  matter  having  the 
strong  odour  of  cedar,  and  troublesome  to  remove  ;  the  bright  surface  of  the  crystals 
appeared  as  if  varnished  in  an  unskilful  manner.  The  cedar  had  given  off  a  vapour 
that  had  condensed  on  all  the  minerals,  and  the  same  effect  might  be  expected  to  be 
produced  upon  watches,  metals,  and  other  substances. 

Indeed,  cases  are  known  where  the  action  of  cedar  has  produced  unpleasant  effects, 
and  not  without  exciting  the  idea  of  remote  danger.  A  bundle  or  package  of  black 
lead  pencils,  the  wood  as  usual  of  cedar,  had  been  kept  in  stock  upon  a  shelf  wrapped 
in  paper  :  by  the  heat  of  the  gas,  &c.,  the  cedar  vapour  had  attacked  the  paper  and 
its  materials ;  the  paper  seemed  thick  and  stiffened  as  with  varnish  forming  one  mass 
with  the  pencils,  and  damaging  other  paper  and  articles  of  stock  near,  while  the 
paper  was  rendered  highly  inflammable,  burning  with  a  great  flame.  This  case  was 
laid  before  the  officers  of  the  Society  of  Arts,  who  are  desirous  of  extending  the 
proper  uses  of  cedar  wood,  and  of  avoiding  the  evils  arising  from  unsuspected  chemi- 
cal action. 

White  cedar  is  a  native  of  North  America,  China,  and  Cochin  China ;  in  the  United 
States  it  occupies  large  tracts,  denominated  cedar  sivamps.  The  wood  is  soft,  smooth, 
and  of  an  aromatic  smell,  and  internally  of  a  red  colour,  permanent  in  shape,  very 
durable,  and  is  esteemed  as  a  material  for  fences.  Large  quantities  of  shingles  are 
made  of  it ;  it  is  a  favourite  material  for  wooden  wares  or  the  nicer  kinds  of  coopers' 
work. 

Colonel  Lloyd,  speaking  of  another  species  of  cedar,  the  Juniperus  Bermudiana, 
says,  "  Up  to  this  time  there  are  great  quantities  of  the  finest  cedar  growing  in  the 
British  island  of  Bermuda,  and  the  best  ships  and  schooners  are  always  built  of  it ; 
it  is  imperishable." 

The  cedar  known  to  cabinet  makers  as  the  Havannah  cedar  is  the  wood  of  the 
Cedrela  odorata  of  Linnseus,  and  belongs  to  the  same  natural  order  as  mahogany.  All 
the  ci"-ar  boxes  from  Havannah  are  made  of  this  kind  of  cedar  ;  it  is  imported  from 
the  island  of  Cuba,  and  is  used  for  the  insides  of  drawers  and  wardrobes. 

New  South  "Wales  produces  a  cedar,  Cedrela  trona,  somewhat  similar  to  the  Havan- 
nah, but  more  red  in  colour. 

A  similar  kind  is  found  in  the  East  Indies ;  the  Himalayan  cedar,  Juniperus  excelsa, 
is  harder  and  less  odoriferous  than  the  pencil  cedar. 

In  the  sketch  of  the  route  and  progress  of  Lieutenant  A.  Burnes  and  Dr.  Gerard  (by 
a  recent  traveller,  vol.  i.  "Journal  of  Asiatic  Society,"  Bengal,  Calcutta,  1832),  in 
their  adventurous  journey  to  explore  the  Oxus,  it  is  stated : — 

"  While  on  the  banks  of  the  Jelum  they  were  much  struck  by  the  immense  size  of 
the  firs  floated  down  the  river.    The  houses  in  all  the  towns  along  its  banks  are 

roofed  therewith.  _  ^i.        y  x. 

"  Immense  cedar  trees  were  seen  rolled  down  from  the  hills  ;  it  was  these  which 
supplied  materials  for  Alexander's  fleet.  One  tree  measured  13  feet  in  girth,  which 
may  afford  some  idea  of  their  applicability."  . 

There  is  much  confusion  in  the  application  of  the  term  cedar,  several  trees  which 
are  not  cedars  being  so  called.  ^  ,      t  i 

The  cedar  of  Lebanon  is  usually  called  Pinus  cedrus,  but  sometimes  Ccdrus  Ltlmnu^. 
The  lofty  deodara,  a  native  of  the  Himalayas,  with  fragrant  and  almost  imperishable 
wood,  and  often  called  the  Indian  cedar,  is  sometimes  referred  to  the  genus  pinus, 
and  so  uetimes  to  that  of  cedrus  or  larix;  with  the  specific  name  of  deodara. 
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The  wood  of  several  coniferoD  is,  however,  called  cedar.  The  wood  of  Juniperus 
Virginiana  is  called  the  red  or  pencil  cedar,  and  that  of  Bermudiana  is  called  Ber- 
muda cedar ;  that  of  J.  Barbadensis  is  called  Barbadoes  cedar,  while  the  juniper  of 
the  north  of  Spain  and  south  of  France  and  of  the  Levant  is  called  J.  oxycedrus.  The 
white  cedar  of  North  America,  a  less  valuable  wood  than  the  red  cedar,  is  yielded 
by  Cupressus  thyoides,  and  the  cedar  wood  of  Japan,  according  to  Thunberg,  is  a 
species  of  cypress. 

The  name  cedar  is,  however,  applied  to  a  number  of  woods  in  our  different  colo- 
nies which  are  in  no  way  related  to  the  coniferce;  thus  the  cedar  of  Guiana  is  the 
wood  of  Icica  aliissma;  the  white  wood  or  white  cedar  of  Jamaica  is  Bignofiia  leuco- 
xylon;  and  bastard  cedar  is  Guazuma  erlimfolia.  In  New  South  Wales  again  the  term 
white  cedar  IS  applied  to  Melia  arzedarach,  and  red  cedar  to  that  of  FUndersia  aus- 
tralts.  as  well  as  to  the  wood  toon  tree,  or  Cedrela  toona  —  T  J  P 

^^T?'^  ^"-^  ^^^"'^^      orange,"  citro^,  or  lemon,  a  tree 

which  bears  the  same  name.    Its  peel  is  very  thick,  and  Covered  ^ith  an  ep  dermis 
which  encloses  a  very  fragrant  and  highly  prized  essential  oil.  The  preserves  Ivoured 
with  it  ai-e  very  agreeable     The  citrous  are  cut  into  quarters  for  the  dry  comfits 
but  are  put  whole  into  the  iquid  ones.    The  liquorist-perfumer  makes  with  the  peel 
of  he  cedra  an  excellent  for  which  purpose,  he  plucks  them  before  they^are 

quite  ripe;  grates  down  the  peel  into  a  little  brandy,  or  cuts  them  into  slices  and 
infuses  these  m  the  spirits.    This  infusion  is  distilled  for  making  per&^e   but  the 

tnr  Wh  ^  smgular  compound  of  unknown  composition  existing  in  wood 
tar.    When  crude  creosote  is  dissolved  in  potash  and  acetic  acid  is  added  crelote 

rZfd  T;  I      TT"     '''''''''''  '""^  °f  ^'^etate  of  potash  be  dTsdl  ei 

a  fluid  ,s  obtained  at  a  certain  epoch  of  the  distiUation,  which,  when  dronned  into 

b^er£?ve?irco;frphtha'^"  ^"■•'^  °^  '''^  -  "at 

™  "  l"'*Sicnn*:'  '\ '"""'^  ^"  '""^  form^Lr  S°oc  ated  wifh" 

gypsum.  In  bicily  It  IS  commonly  associated  with  sulphur.  The  celestine  of 
Girgenti  was  found  by  Stromeyer  to  be  composed  as  follows  :  —  celestine  of 

Sulphuric  acid 

Strontian      -       -       .       .  '       "  ^^^^ 

Red  oxide  of  iron  -      -      .      .      I       "      '      '  ^'^^ 
Carbonate  of  lime         -       .       .  '       "  2, 

Water  -      -      .      .  '      "      -  0-09 

0-18 

It  s  decomposed  by  ignition  with  ehfrco'l  ilto  ulphte'^^^^^^^ 

verted  into  the  nitrate  by  the  action  of  nitrif.  %h  ^Jnct  is  con- 

in  a^™i??ir^:^^^^^^^  -^^^^^  a  solid  body 

case.    In  this  way,  iron  is  cemeTd'wVctrco^all^Sm  IteeT  a^d  tt^ L 
^CPM^rrf '^-i;'""'^'  ''J""^  Reaumur's  porcelain.  '  ""^  ^^'"'^  ^'''^ 

of  2™he  iSrdT;m'^a,;d'STet;f'r'  Substances  which  are  capable 

to  the  boiling  point,  when  the  isinglass  wni  meU  into  a  unifnr  ""-'u  ""^x.^"  ^'"^^^^ 
or  strings,  which  it  is  apt  to  have  ff  notlwelTed  in  ooW  In  7"^°"'  '"™PS 

Cldr-    ^  ^-^^  Of  any  ess^SfoH  KnSert^tefoS 

he:;fdifdti:s';=l'?o?m^:rgTu?oVre;^^^^^^    'r^-'t't  '--^ 

peifectly  resists  damp,  and  two  p'cefof  woodll  d"bf ft' ^'^y' 
Vol..  I.  T  T  JO'iea  by  it  will  separate  anywiere 
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else  rather  than  at  the  joint.    Ordinary  glue  may  he  thus  dissolved,  and  sometimes  a 
small  quantity  of  red  lead  in  powder  is  added." 

Shellac  dissolved  in  alcohol,  or  in  a  solution  of  Ijprax,  or  still  hetter  in  naphtha, 
forms  a  good  cement.  White  of  egg  alone,  or  mixed  with  finely  sifted  quick- 
lime, will  answer  for  uniting  objects  which  are  not  exposed  to  moisture.  The  latter 
combination  is  very  strong,  and  is  much  employed  for  joining  pieces  of  spar  and 
marble  ornaments.  A  similar  composition  is  used  by  copper-smiths  to  secure  the 
edges  and  rivets  of  boilers  ;  only  bullock's  blood  is  the  albuminous  matter  used  in- 
stead of  white  of  egg.  Another  cement  in  which  an  analogous  substance,  the  curd 
or  caseum  of  milk  is  employed,  is  made  by  boiling  slices  of  skim-milk  cheeses  into 
a  gluey  consistence  in  a  great  quantity  of  water,  and  then  incorporating  the  mixture 
witli  quicklime  on  a  slab  with  a  muUer,  or  in  a  marble  mortar.  When  this  com- 
pound is  applied  warm  to  broken  edges  of  stoneware,  it  unites  them  very  firmly  after 
it  is  cold. 

A  cement  which  gradually  indurates  to  a  stony  consistence  may  be  made  by  mixing 
20  parts  of  clean  river  sand,  2  of  litharge,  and  1  of  quicklime,  into  a  thin  putty  with 
linseed  oiL  When  this  cement  is  applied  to  mend  broken  pieces  of  stone,  as  steps  of 
stairs,  it  acquires  after  some  time  a  stony  hardness.  A  similar  composition  has  been 
applied  to  coat  over  brick  walls,  under  the  name  of  "  Mastic."  Portland  oolite  powder 
with  a  little  litharge  and  oil  makes  good  mastic. 

The  iron-rust  cement  is  made  of  from  50  to  100  parts  of  iron  borings,  pounded 
and  sifted,  mixed  with  one  part  of  sal  ammoniac,  and  when  it  is  to  be  applied 
moistened  with  as  much  water  as  will  give  it  a  pasty  consistency.  Formerly  flowers 
of  sulphur  were  used,  and  much  more  sal  ammoniac,  in  making  this  cement,  but  with 
decided  disadvantage,  as  the  union  is  effected  by  the  oxidisement,  consequent  expan- 
sion and  solidification  of  the  iron  powder,  and  any  heterogenous  matter  obstructs  the 
effect.  The  best  proportion  of  sal  ammoniac  is,  one  per  cent,  of  the  iron  borings. 
Another  composition  of  the  same  kind  is  made  by  mixing  4  parts  of  fine  borings  or 
filings  of  iron,  2  parts  of  potter's  clay,  and  1  part  of  pounded  potsherds,  and  making 
them  into  a  paste  with  salt  and  water.  When  this  cement  is  allowed  to  concrete 
slowly  on  iron  joints  it  becomes  very  hard. 

For  making  architectural  ornaments  in  relief,  a  moulding  composition  is  formed  of 
chalk,  glue,  and  paper  paste.  Even  statues  have  been  made  with  it,  the  paper  aiding 
the  cohesion  of  the  mass.    Some  French  statuettes  are  so  made. 

Mastics  of  a  resinous  or  bituminous  nature  which  must  be  softened  or  fused  by  heat 
are  the  following  : — 

Mr.  S.  Varley's  consists  of  16  parts  of  whitmg  sifted  and  thoroughly  dried  by  a  red 
heat,  adding  when  cold  a  melted  mixture  of  16  parts  of  black  resin  and  1  of  bees'- 
wax,  and  stirring  well  during  the  cooling. 

Mr.  Singer's  electrical  and  chemical  apparatus  cement  consists  of  5  lbs.  of  resm,  1 
of  bees'-wax,  1  of  red  ochre,  and  2  tablespoonfuls  of  Paris-plaster,  all  melted  to- 
gether. The  ochre  and  the  plaster  of  Paris  should  be  calcined  beforehand,  and  added 
to  the  other  ingredients  in  their  melted  state.  The  thinner  the  stratum  of  cement  that 
is  interposed,  the  stronger,  generally  speaking,  is  the  junction. 

Boiled  linseed  oil  and  red  lead  mixed  together  into  a  putty  are  often  used  by  copper- 
smiths  and  engineers  to  secure  joints.  The  washers  of  leather  or  cloth  are  smeared 
with  this  mixture  in  a  pasty  state.  .      „  .  v   i,    *  e 

The  resin  mastic  alone  is  sometimes  used  by  jewellers  to  cement  by  heat  cameos  of 
white  enamel  or  coloured  glass  to  a  real  stone,  as  a  ground  to  produce  the  appearance 
of  an  onyx.    Mastic  is  likewise  used  to  cement  false  backs  or  doublets  to  stones  to 

MeheTb^rrmstone,  either  alone  or  mixed  with  resin  and  brick  dust,  forms  a  tolerably 

'°T'ZVf:itZ  TnSs  of  black  resin  1  part,  brick  dust  2  parts,  well  incorpo- 

TL'Lrnttr^Sng  the  fronts  of  buildings  consists  of  linseed  oil,  -n^e-d  djy 
by  boiling  with  litharge,  and  mixed  with  porcelain  clay  in  fane  PO^!deMo  ^^^^J'^l 
Snsistenfe  of  stiff  mortar.  Pipe-clay  would  answer  equally  weU  f  well  dr  ed  and 
anv  colour  might  be  given  with  ground  bricks  or  pottery.  A  little  oil  ot  turpen  me 
to  thin  thTs  Tement  aids  its  cohesion  upon  stone,  brick,  or  wood.  It  has  been  applied 
to  Sects  of  wTe"^     in  this  st'ate  laid  upon  terraces,  in  order  to  make  them 

-'^K^'i^i  K^^rbS  S  consists  of  pitch  hardened  by  the 

'^'^Z^S^s^^Ti^es^one  impregnated  -th  bi.umen^^  U  is  dried^ 
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be  moulded  into  large  slabs  or  tiles  in  wooden  frames  lined  -with  sheet  iron,  previously 
smeared  over  with  common  lime  mortar,  in  order  to  prevent  adhesion  to  the  moulds, 
which,  being  in  movable  pieces,  are  easily  dismounted  so  as  to  turn  out  the  cake  of 
artificial  bituminous  stone.  This  cement  is  manufactured  upon  a  great  scale  in  many 
places,  and  used  for  making  Italian  terraces,  covering  the  floors  of  balconies,  flat 
roofs,  water  reservoirs,  water  conduits,  &c.  When  laid  down,  the  joints  must  be  well 
run  together  with  hot  irons.  The  floor  of  the  terrace  should  be  previously  covered 
with  a  layer  of  Paris  plaster,  or  common  mortar,  nearly  an  inch  thick,  with  a  regular 
slope  of  one  iuch  to  the  yard.  Such  bituminous  cement  weighs  144  pounds  the  cubic 
foot;  or  a  foot  of  square  surface,  one  inch  thick,  weighs  12  pounds.  Sometimes  a 
second  layer  of  these  slabs  or  tiles  is  applied  over  the  first,  with  the  precaution  of 
makmg  the  seams  or  joints  of  the  upper  correspond  with  the  middle  of  the  imder 
ones.  Occasionally  a  bottom  bed,  of  coarse  cloth  or  grey  paper,  is  applied  The 
larger  the  slabs  are  made,  as  far  as  they  can  be  conveniently  transported  and  laid 
down,  so  much  the  better.    For  hjdraulic  cements,  see  Mohtar. 

An  excellent  cement  for  resisting  moisture  is  made  by  inco'rporatins  thoroughlv 
eight  parts  of  melted  glue,  of  the  consistence  used  by  carpenters,  with  four  parts  of 
linseed  oil,  boiled  mto  varnish  with  litharge.  This  cement  hardens  in  about  fortv- 
eight  hours,  and  renders  the  joints  of  wooden  cisterns  and  casks  air  and  water  tight 
A  compound  of  glue  with  one-fourth  its  weight  of  Venice  turpentine,  made  as  above' 
serves  to  cement  glass,  metal,  and  wood  to  one  another.  The  gluten  of  wheat  well 
prepared,  is  also  a  good  cement.  White  of  eggs  with  flour  and  water  well  m'ixed, 
and  smeared  over  hnen  cloth,  forms  a  ready  lute  for  steam  joints  in  small  apparatus. 

White  lead  ground  upon  a  slab  with  linseed  oil  varnish,  and  kept  out  of  contact  of 
air,  affords  a  cement  capable  of  repairing  fractured  bodies  of  all  kinds.  It  requires  a 
few  weeks  to  harden  When  stone  and  iron  are  to  be  cemented  together,  a  compound 
of  equal  parts  of  sulphur  and  pitch  answers  very  well 

^..^T^f''■l■^^'^^''^  made  of  resin,  tempered  with  bees'-waxand  a  little  tallow,  and 
hardened  with  red  ochre  or  Spanish  brown  and  whiting 

r,,»u'''>"' v"f '  "T"""^'      f"^?^.  S'^?'^'  ^""^  g'-inding,  is  made  by  sifted  wood  ashes  with 
melted  pitch,  the  essential  oil  of  which  is  absorbed  by  the  wood  ashes  and  the  adhesTve 
ness  of  the  pitch  is  therefore  reduced.    The  proportions  are  somf^hat  dependen  on 
the  temperature  of  the  weather  and  the  qualities  of  the  pitch;  but  generallv  iu° 

i^::^^:^^:^^^^^^^''  ^^^^^ 

"^'S^^lS^  -e  Of 

beS^d  by  ^gTstW  sIS^^^^        -'"f  V^^  ■    It  may 

The  ,n,ncine  sepames.  wlue  the  c°W,  /rTmafn^d k   1  'I  "  temperature", 

the  decanted  liquor  b;  evaporation     CerZ  ?.       .  '  '       "^^^  "^'^'"^"^ 
134°  F.,  hardly  acted  UDon  bv  bnrnU  -  t°  wax,  fusible  at 

phuric  'acid.  Vh  n  treated  wiA  causT.  n]l  V^"'  I'  ''■''^^^  carbonised  by  hot  sul- 
acid  and  ceratne.  ^in-^ime  ley,  it  is  converted  into  margaric 

n^iu  ™™  a//a1,KS^^      f  ?eTX"  ^^"^'^'^-^  ^^'^y 

Sweden.    C;rium,  extrac  ed  from  itrchloHHrif"^''  o^c^i'-rence.  found  in 

or  chocolate  powder,  whS  assumes  am  ^  'J^'k  '"ed 

electricity  well,  like  other  metir  it  k   nf, wsl?  ^"^^  '""^  °°"duct 

It  has  been  applied  to  no  usTin    .;  art      SeT^lV  ^'^''^^''^ 

?I?InT   4°^"^  °^  -•^'telldnee'^i^^l^L;?^'^""-^ 

CEYLON  MOSS°Tp/r'  r^.  ^^"'"''''^  spermaceti. 

CHAINWORK  i=  ^^'"'T""  '^"'"^"^'^O    See  Ai.ak 
ing  b™''^s''e?loLLT"'""  '''''  "'''^'''^  t°  -1^-1^  hosiery  and  tambour- 

^^,^t'^I:^i'^^!:^,,^^^y  carbonate  of  1 

aiance  ot  polish  in  its  fracture 
position  :  carbonic  acid  44-0,  lime  ' 
and^oxide  of  iron.    It  may  be  purified  by 
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titration  and  elutrintion.  Tlie  silicious  and  ferruginous  matters  subside  first,  and  the 
finer  chalky  particles  iloating  in  tlie  supernatant  liquid  may  be  decanted  with  it,  and 
obtained  by  subsidence.  When  thus  purified  it  is  called  whUhuj  and  Spanish  white, 
in  England  ;  Schlenim/iieii/e,  in  Germany  ;  hlanc  de  Ifoycs,  and  blanc  de  Meudon,  in 
France.  Pure  chalk  should  dissolve  readily  in  dilute  muriatic  acid,  and  the  solution 
should  atlord  no  precipitate  with  water  of  ammonia.  Chalk  is  burnt  into  lime  in  great 
quantities,  in  which  state  it  is  used  as  a  manure,  also  for  making  mortar  and  whitewash. 
Some  of  the  lower  beds,  which  are  argillaceous,  afford  a  good  hydraulic  cement,  eqpal 
in  every  respect  to  Roman  cement. 

Of  late  years,  it  has  become  the  custom  to  manure  land  with  unburnt  chalk  spread 
on  the  surface  in  the  proportion  of  about  40  loads  (tons)  to  an  acre.  The  effect  pro- 
duced by  chalk  applied  in  its  crude  state  is  similar  to  that  resulting  from  the  applica- 
tion of  quicklime,  but  more  lasting,  on  some  lands  not  requiring  to  be  renewed  for 
several  years  :  it  also  has  the  advantage  of  rendering  the  soil  mechanically  lighter, 
from  the  larger  quantity  in  which  it  is  used. 

In  chalk  districts,  it  is  sometimes  employed  as  a  building  material. 

CHALK,  BLACK.    A  mineral,  called  also  drawing-slate. 

CHALK,  FRENCH.    Steatite,  or  soap  stone  ;  a  soft  magnesian  mineral. 

CHALK,  RED.  A  clay  coloured  with  the  peroxide  of  iron,  of  which  it  contains 
about  1 7  per  cent. 

CH  ALLIS.  About  the  year  1832  this  articlewas  introduced,  certainly  the  neatest, 
best,  and  most  elegant  silk  and  worsted  article  ever  manufactured.  It  was  made  on  a 
similar  principle  to  the  Norwich  crape,  only  thinner  and  softer,  composed  of  much 
finer  materials  ;  and  instead  of  a  glossy  surface,  as  in  Norwich  crapes,  the  object  was 
to  produce  it  without  gloss,  and  very  pliable  and  clothy.  The  best  quality  of  challis, 
when  finished  with  designs  and  figures  (either  produced  in  the  loom  or  printed),  was 
truly  a  splendid  fabric,  which  commanded  the  attention  of  the  higher  circles,  and 
became  a  favourite  article  of  apparel  at  their  fashionable  resorts  and  parties.  The 
worsted  yarn  for  the  weft  of  this  article  was  spun  at  Bradford,  from  numbers  52's  to 
64's.  The  making  of  the  challis  fabric  soon  afterwards  commenced  in  the  north. — 
James's  History  of  Woollen  Manufacture. 

CHALYBEATE  is  a  name  given  in  medicine  to  preparations  of  iron. 

CHALCEDONY.  A  hard  mineral  of  the  quartz  family,  often  cut  into  seals. 
Under  it  may  be  grouped  common  chalcedony,  heliotrope,  chrysoprase,  plasma,  agate, 
belonging  to  the  rhombohedral  system,  onyx,  cat's  eye,  sardonyx,  carnelian,  and  sard. 

CHAMOMILE  FLOWERS.  The  Anthemis  nobilis  o{  Linnsens.  The  chamomile 
grows  very  abundantly  in  Cornwall,  and  some  other  parts  of  England.  It  is  culti- 
vated at  Mitcham  and  in  Derbyshire,  for  the  London  market.  The_  chamomile  is  used 
medicinally,  and  is  employed  by  some  brewers  to  substitute  hops  in  bitter  beer.  It 
would  be  well  if  no  more  objectionable  bitter  was  employed. 

In  1856  we  imported  72,751  lbs. 

CHAMELEON  MINERAL.  As  this  compound— so  long  known  in  chemistry 
as  a  mere  cui-iosity,  on  account  of  the  surprising  changes  of  colour  which  it  spon- 
taneously assumes—  has  of  late  been  largely  employed  for  whitening  tallow,  palm  oil, 
and  decolouring  other  organic  matters,  it  merits  description  in  this  dictionary.  It 
exists  in  two  states  ;  one  of  which  is  called  by  chemists  the  manganate  of  potash,  and 
the  other  the  oxymanganate  ;  denoting  that  the  first  is  a  compound  of  manganic  acid 
with  potash,  and  that  the  second  is  a  compound  of  oxymanganic  acid  with  the  same 
base.  They  are  both  prepared  in  nearly  the  same  way :  the  former  by  calcinmg 
top-ether  at  a  red-heat  in  a  covered  crucible,  a  mixture  in  one  part  of  the  black  per- 
oxide of'manganese  with  three  parts  of  the  hydrate  of  potash  (the  fused  potash  of  the 
apothecary)  The  mass  is  of  a  green  colour  when  cold.  It  is  to  be  dissolved  m  cold 
water  and  the  solution  allowed  to  settle,  and  become  clear,  but  by  no  means  filtered, 
for  fear  of  the  decomposition  to  which  it  is  very  prone.  When  the  decanted  liquid  is 
evaporated  under  the  exhausted  receiver  of  an  air-pump,  over  a  surface  of  sulphuric 
acid  it  affords  crystals  of  a  beautiful  green  colour,  which  should  be  laid  on  a  clean 
porous  brick  to  drain  and  dry.  They  may  be  preserved  in  dry  air,  but  should  be 
kept  in  a  weU-corked  bottle.  They  are  decomposed  by  water,  but  dissolve  in  weak 
water  of  potash.  On  diluting  this,  decomposition  of  the  salt  ensues,  with  all  the 
chameleon  changes  of  tint;  red,  blue,  and  violet.  Sotnctimes  a  green  solution  o  this 
salt  becomes  red  on  being  heated,  and  preserves  this  colour  even  when  cold,  but 
resumes  its  green  hue  the  moment  it  is  shaken  :  it  might,  therefore,  furnish  the  era  ly 
votaries  of  St.  Januarius  with  an  admirable  means  ot  mystifying  the  worshippers  at  us 
shrine.  The  original  calcined  mass,  in  being  dissolved,  always  deposits  a  considerable 
quantity  of  a  brown  powder,  which  is  a  compound  of  the  acid  and  pero.xidc  ot  man- 
ganese combined  with  water.  Much  of  the  potash  remains  imchanged,  which  may  be 
recovered. 
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The  oxynianganate  of  potash  is  made  by  fusing  -with  a  strong  heat  a  mixture  of 
equal  parts  of  peroxide  of  manganese  and  hydrate  of  potash,  or  one  part  of  peroxide 
and  two  parts  of  nitre.  The  mass  is  to  be  dissolved  in  water,  and  if  the  solution  be 
green,  it  should  be  reddened  by  the  cautious  addition  of  a  few  drops  of  nitric  acid. 
The  clarified  liquor  is  to  be  evaporated  to  the  point  of  crystallisation.  Even  the 
smallest  crystals  of  this  salt  have  such  an  intense  red  colour,  that  they  appear  bl^ck 
with  a  green  metallic  reflection.  In  the  air  they  gradually  assume  a  steel-grey  hue 
without  undergoing  any  essential  change  of  nature.  A  very  little  of  the  salt  reddens  a 
large  body  of  water.  The  least  portion  of  any  organic  matter  added  to  the  solution  of 
this  salt  reduces  the  oxymanganic  acid  to  the  state  of  peroxide,  which  precipitates  com- 
bined with  water  ;  the  liquor  becoming  green  or  colourless,  according  to  circumstances. 

A  more  permanent  oxymanganic  salt  may  be  made  as  follows  :—  Melt  chlorate  of 
potash  oyer  a  spirit  lamp,  and  throw  into  it  a  few  pieces  of  hydrate  of  potash,  which 
immediately  dissolve,  and  form  a  limpid  liquid.  AVhen  peroxide  of  manganese  in 
wUhXt!".),'  ^J""^""]^  introduced  into  that  melted  mixture,  it  immediately  dissolves, 
with  the  production  of  a  nch  green  colour.    After  adding  the  manganese  in  excess 

r  f '  f  '°  ^  ""'^         '°  to  decompose  the  residuar^ 

chloi  ate  of  potash.  It  is  now  a  mixture  of  manganate  of  potash,  chloride  of  potassium 
and  peroxide  of  manganese.  It  forms  with  water  a  deep  green -eooured  solution  whk;h' 
when  boiled,  assmnes  a  fine  red  colour,  in  consequence  of  its  becoming  an  oxy'manga-' 
nate,  and  U  ought  to  be  decanted  otF  the  sediment  while  hot.  By  coolin-  and  sUMl 
s"s"e7rf±fr?''^  oxymanganate  of  potash  separaLs  in  cry^^al  po - 

Bol  2  ahnvP     l'.^"'  '°^"r,       '"'^  "-^^t^'^     chloride  of  Jntassinm. 

buftibfes  wherehv  h  ''.f-^^  decomposed  by  organic  bodies  and  other  corn- 

oust  Dies,  whereby  they  have  their  acid  converted  into  an  oxide,  with  the  disensrafre 
ment  of  oxygen,  and  the  destruction  of  many  vegetable  and  anima  co  ours  ifthis 
respect  they  resemble  the  nitrates  and  chlorates. 

out  of  con!;?t1,f  "nlr'^^T^ T'i^'T  ables  when  they  are  exposed  to  ignition 

wi  ^rrand  is  sHllT^rr  ''''  P'^°  '^""^"f '"""rf-  as  the  manufacture  of  charcoal 
was  termed,  and  is  still  called,  is  carried  on  as  follows:  — A  piec^  of  ground  is  WpIIp^ 

In  CSrT.^'  ^^^'<=1^      *^™^d  the  "hearth  "  or  "eir  h  " 

circulation  of^V  undefth;  15^^^^^^^  P'^^*^*^'      *°  ^  ^^^^ 

which  is  fnrnfli  I    Z        -IF'      Communicate  with  the  chimney  in  the  centre 

order.    The  charcoal  burner  must  alwa  vA/^  ^r  ^,  on  that  side  in  good 

possible  through  the  heap  andTf L  7      be  careful  to  spread  the  fire  as  evenly  as 
always  accelerate  the  Sss  fn  an™t  of T  f  *°        ,  V^"^"^  ^^'•'^^"•■'y  ' 
side  to  admit  air  freely    W  irbp  ffnwv    i^  ^'""^     """^^  "P^^i'^g  the  out- 

wood,  he  had  better  %;n  f  hole  ^''"^  '°  '^''^'^S  the 

the  hole  ;  this  will  soon  communicate  with  t,,l  place  required,  and  light  a  fire  in 
smoke  and  white  flame  cATp  tn  l?        .   ?®         ^""^  l^^^P-         soon  as  the 

from  the  air  as  caSfy  L  possible  u'ntil  tl  p'  T^*''  '^^^P  ^^loLd 

draw.    The  fire  must  n^ever  burn  too  fT.f  .  ^L'V'''""^  f  ^"^'^^  is  ready  to 

and  regular,  the  better  the  yield  of  cLrcoy    TT  rr"!  ^''^  «t«^dy 

time  to  coal  than  soft  open-grained  woodfn.?^^^  ^  longer 

>ngly.  These  technical  instfuetiol  haSlp?]  1  •  ^l^"'"^  ^he  heap  acco?d- 
from  father  to  son  amongst  thp-T"?!;":.-:"  '°  '^'^  ^""^l''  for  age  s  as  secrets 

of  long  practical  experience,  and  sSt  I  acco,rwfth°tr7  '"^  ^•'"■•?P''  '^'^^^^ 
process  is  based.  '*'=°°''l  "^'^^  the  true  principles  on  which  the 

T  T  3  ^' 
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In  districts  where  the  wood  can  be  transported  into  one  place  by  means  of  rivers, 
or  mountain  slides,  a  dry  flat  space  must  be  pitched  upon,  screened  from  storms  and 


floods,  -which  may  be  walled  round,  having  a  slight  declivity  made  in  the  ground, 
towards  the  centre.  (See  Jig.  440.)  Into  this  space  the  tarry  acid  will  partially  fall, 
and  may  be  conducted  outwards,  through  a  covered  gutter  beneath,  into  a  covered 
tank.  The  mouth  of  the  tank  must  be  shut,  during  the  coking,  with  an  iron  or  stone 
slab,  luted  with  clay.    A  square  iron  plate  is  placed  over  the  inner  orifice  of  the 

gutter  to  prevent  it  being  choked 
440  -^itb  coal  ashes.  440  repre- 

(/  sents  a  walled  meiler  station  ;  a, 
the  station ;  b,  the  gutter ;  c,  the 
tank,  which  is  covered  with  the 
slab  d;  e,  a  slab  which  serves  to 
keep  the  gutter  clear  of  coals. 
The  cover  of  the  heaps  is  formed 
of  earth,  sand,  ashes,  or  such  other  matter  as  may  be  most  readily  found  in  the  woods. 
They  should  be  kindled  in  the  centre.  From  6  days  to  4  weeks  may  be  required  for 
charring  a  heap, according  to  its  size,  hardwood  requiring  most  time  ;  and  the  slower 
the  process,  the  better  and  greater  is  the  product,  generally  speaking. 

Charring  of  wood  .in  mounds  {Haufe  or  liegende  Wer/ie),  figs.  441  and  442,  differs 

from  that  in  the  meiler,  because 
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the  wood  in  the  haiife  is  succes- 
sively charred,  and  the  charcoal  is 
raked  out  by  little  and  little.  The 
product  is  said  to  be  greater  in  this 
way,  and  also  better.  Uncleft 
billets,  6  or  8  feet  long,  being  laid 
over  each  other,  are  covered  with 
ashes,  and  then  carbonised.  The 
station  is  sometimes  horizontal,  and 
sometimes  made  to  slope.  The 
length  may  he  24.  feet,  the  breadth 
8  feet ;  and  the  wood  is  laid  cross- 
wise. Piles  are  set  perpendicu- 
larly to  support  a  roof  made  of 
boughs  and  leaves  covered  with 
ashes.  Pipes  are  occasionally  laid 
within  the  upper  part  of  the  mounds,  which  serve  to  catch  and  carry  off  some  of 

the_liqwd^  is  a  vertical  section,  and  fig.  444  a  half  bird's-eye  view,  and  half  cross 
^'  section  at  the  height  of  the  pit 

bottom,  of  Chabeaussiere's  kiln 
for  making  wood  charcoal,  o  is 
the  oven;  h,  vertical  air  pipes; 
c  c,  horizontal  flues  for  admitting 
air  to  the  kiln  ;  d  d,  small  pits 
which  communicate  by  short 
horizontal  ones,  which  communi- 
cate, by  short  horizontal  pipes  e  e, 
with  the  vertical  ones;/,  the  sole 
of  the  kiln,  a  circle  of  brickwork, 
upon  which  the  cover  or  hood  h 
reposes  ;  i,  a  pipe  which  leads  to 
the  cistern  /( ;  /,  the  pipe  destined 
for  carrying  off  the  gaseous 
matter;  m  m,  holes  in  the  iron 
cover  or  lid. 
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The  distribution  of  the  wood 
is  like  that  in  the  horizontal 
meilers,  or  heaps  ;  it  is  kindled  in 
the  central  vertical  canal  -with 
burning  fuel,  and  the  lid  is 
covered  with  a  few  inches  of 
earth.  At  the  beginning  of  the 
operation  all  the  draught  flues 
are  left  open,  but  they  are  pro- 
gressively closed,  as  occasion  re- 
quires. In  eight  kilns  of  this 
kind,  500  decasters  of  oak  wood 
are  carbonised,  from  which 
15,000  hectolitres  of  charcoal 
are  obtained,  equal  to  64,000 
pounds  French,  being  about  25 
per  cent,  besides  tar,  and  3000 
velts  of  wood  vinegar,  of  from  2° 
to  3°  Baume. 

At  Crouy  upon  the  Ourcq,  near  Meaux,  there  is  a  well  constructed  kiln  for  making 
turf-charcoal.    It  resembles  most  nearly  a  tar-kiln.    In  fg.  445,  a  is  the  cylindrical 
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coking  place,  whose  surrounding  walls  are  heated  by 
the  flame  which  passes  through  the  intermediate  space 
6.  The  place  itself  is  divided  by  partitions  of  fire  tiles 
into  three  stages,  through  the  apertures  in  which  the 
flames  of  the  fire  c  c,  rise,  and  heat  the  exterior  of  the 
coking  apartment.  In  order  to  confine  the  heat, 
there  is  in  the  enclosing  walls  of  the  outer  kiln  a 
cylindrical  hollow  space  d,  where  the  air  is  kept 
stagnant.  Through  the  apertures  left  in  the  upper 
end  at  e,  the  turf  is  introduced ;  they  are  then  shut 
with  an  iron  plate  f,  which  is  covered  with  ashes  or 
sand.  The  fire-place  opens  above  this  aperture,  and 
its  outlet  is  provided  with  a  movable  iron  cover  g,  in 
which  there  is  a  small  hole  for  the  issue  of  the  gases. 
The  sole  of  the  kiln  consists  of  a  cast-iron  slab  h, 
which  may  be  raised  by  means  of  a  hook  i  upon  it. 
This  is  drawn  back  after  the  carbonisation  is  com- 
pleted, whereby  the  charcoal  falls  from  the  coking 
space  into  a  subjacent  vault.  The  volatile  products 
are  carried  off  by  the  pipe  k,  and  led  into  the  con- 
densing cistern  ;  the  gases  escaping  to  the  fire-place, 

where  they  are  burned.  The  iron  slab  is  protected  from  the  corrosion  of  the  acid 
vapours  by  a  layer  of  coal  ashes. 

Charcoal  obtained  by  the  action  of  a  rapid  fire  in  close  vessels  is  not  so  solid  and  so 
good  a  fuel  as  that  which  is  made  in  the  ancient  way  by  the  slow  calcination  of  pyra- 
niidal  piles  covered  with  earth.  One  of  the  most  economical  ovens  for  making  wood 
charcoal  is  that  invented  by  M.  Foucauld,  which  he  calls  a  shroud,  or  abri  To  con 
struct  one  of  (hese,  30  feet  in  diameter  at  the  base,  10  feet  at  its  summit,  and  from  8 
to  9  leet  high,  he  forms,  with  wood  2  inches  square,  a  frame  12  feet  long,  3  feet  broad 
at  one  end  and  1  foot  at  the  other.  The  figures  446-447  will  explain  the  construction 
1  he  uprights,  a  b  and  c  d,  of  this  frame  are  furnished  with  three  wooden  handles  a  a  a 
and  a  a  a',  by  means  of  which  they  can  be  joined  together,  by  passing  through  two  con- 
tiguous handles  a  wooden  fork,  the  frame  being  previously  provided  with  props  as 
shown  mjig.  446,  and  covered  with  loam  mixed  with  grass.  A  fiat  cover  of  10  feet 
diameter,  made  of  planks  well  joined,  and  secured  by  4  cross  bars,  is  mounted  with 
trap  doors,  N^,  fig.  449,  for  giving  egress  to  the  smoke  at  the  commencement  of  the 
operation  ;  a  triangular  hole  p,  cut  out  in  the  cover,  receives  the  end  of  the  conduit  o 
R  8  (fig...  448  and  449)  of  wood  formed  of  three  deals  destined  to  convey  the  gaLs 
and  condensed  liquids  into  the  casks  f  g  h.  Lastly,  a  door  t,  which  may  be  opened  and 
shut  at  pleasure,  permits  the  operator  to  inspect  the  state  of  the  fire.  The  charcoal 
calcined  by  this  abn  has  been  found  of  superior  quality  cnarcoal 

\V  hen  it  is  wished  to  change  the  place  where  the  abri  is  erected,  and  to  transnort  it  to 
a  store  of  new-felled  timber,  the  frame  is  taken  down  after  beat  no- off  u-  , 

covers  it ,  the  joints  are  then  cut  by  a  saw,  as  welUs  thfends  of  t&  forks  wt^^^^^ 
the  frames  to  one  another.    This  processes  economical  in  use  simple  and  '  h.nrf-^ 
construction ;  smce  all  the  pieces  of  the  apparatus  are  easily  Ived  afct^and  ^a?  ie 
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readily  mounted  in  the  forests.  For  obtaining  a  compact  charcoal,  for  the  use  of  artisans 
this  mixed  process  of  Foucauld  is  said  to  be  preferable  to  either  the  close  iron  cvlinde^ 
or  the  pile.  ■' 


For  making  gunpowder-charcoal  the  lighter  woods,  such  as  the  willow,  dogwood, 
and  alder  answer  best;  and  in  their  carbonisation  care  should  be  taken  to  let  the  vapours 
freely  escape,  especially  towards  the  end  of  the  operation,  for  when  they  are  re-absorbed, 
they  greatly  impair  the  combustibility  of  the  charcoal. 

By  the  common  process  of  the  forests,  about  18  per  cent,  of  the  weight  of  the  wood 
is  obtained ;  by  the  process  of  Foucauld  about  24  per  cent,  is  obtained,  with  20  of  crude 
pyroligneous  acid  of  10°  Baume.  By  the  process  described  under  Acetic  Acid,  27  of 
charcoal,  18  of  acid  at  6°,  are  procured  from  100  parts  of  wood,  besides  the  tar. 
These  quantities  were  the  results  of  careful  experimenting,  and  are  greater  than  can  be 
reckoned  upon  in  ordinary  hands. 

Charcoal  for  chemical  purposes  may  be  extemporaneously  prepared  by  calcining 
pieces  of  wood  covered  with  sand  in  a  crucible,  till  no  more  volatile  matter  exhales. 

The  charcoal  of  some  woods  contains  silica,  and  is  therefore  useful  for  polishing 
metals.  Being  a  bad  conductor  of  heat,  charcoal  is  employed  sometimes  in  powder  to 
encase  small  furnaces  and  steam-pipes.  It  is  not  affected  by  water  ;  and  hence,  the 
extremities  of  stakes  driven  into  moist  ground  are  not  liable  to  decomposition.  In 
like  manner  casks  when  charred  inside  preserve  water  much  better  than  common  casks, 
because  they  frnmish  no  soluble  matter  for  fermentation  or  for  food  to  animalcules. 

Lowitz  discovered  that  wood  charcoal  removes  offensive  smells  from  animal  and 
vegetable  substances,  and  counteracts  their  putrefaction.  He  found  the  odour  of  suc- 
cinic and  benzoic  acids,  of  bugs,  of  empyreumatic  oils,  of  infusions  of  valerian,  essence 
of  wormwood,  spirits  distilled  from  bad  grain,  and  sulphureous  substances  were  all 
absorbable  by  freshly  calcined  charcoal  properly  applied.  A  very  ingenious  filter  has 
been  constructed  for  purifying  water,  by  passing  it  through  strata  of  charcoal  of 
ditferent  fineness. 

When  charcoal  is  burned,  one-third  of  the  heat  is  discharged  by  radiation,  and  two- 
thirds  by  conduction. 

The  following  Table  of  the  quantity  of  charcoal  yielded  by  different  woods  was  pub- 
lished by  Mr.  Mushet,  as  the  result  of  experiments  carefully  made  upon  the  small  scale. 
He  says,  the  woods  before  being  charred  were  thoroughly  dried,  and  pieces  of  each 
kind  were  selected  as  nearly  alike  in  every  respect  as  possible.  One  hundred  parts  of 
each  sort  were  taken,  and  they  produced  as  under  :  — 


Lignum  Vitse 
Mahogany 
Laburnum 
Chestnut  - 
Oak 

"Walnut  - 

Holly 

Beech 

Sycamore 

Elm 


afforded  26-0  of  charcoal  of  a  greyish  colour,  resembling  coke. 
-  25-4  tinged  with  brown,  spongy  and  porous, 
velvet  black,  compact,  very  hard, 
glossy  black,  compact,  firm, 
black,  close,  very  firm, 
dull  black,  close,  firm, 
dull  black,  loose  and  bulky, 
dull  black,  spongj',  firm, 
fine  black,  bulky,  moderately  firm, 
fine  black,  moderately  firm. 


24-5 
23-2 
22- 
20- 
19- 
19- 
19- 
Ifl- 


•6 
•6 
•9 
•9 
•7 
•5 
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Norway  Pine  -  -  19 '2  shining  black,  bulky,  very  soft. 

Sallow     -  -  -  18  -4  velvet  black,  bulky,  loose  and  soft. 

Ash        -  -  -  17-9  shining  black,  spongy,  firm. 

Birch      -  -  -  17-4  velvet  black,  bulky,  firm. 

Scottish  Pine  -  -  16-4  tinged  with  brown,  moderately  firm. 

Messrs.  Allen  and  Pepys,  from  100  parts  of  the  following  woods,  obtained  the  quan- 
tities of  charcoal  as  under:  — 

Oak  -       -       -       -  17-40 


Beech  -  -  -  15-00 
Mahogany  -  -  15-75 
Lignum  VitaG    -       -  17-25 


Fir  -  -  -  -  18-17 
Box  ...       -  20-25 


It  is  observable  that  the  quantities  obtained  by  Messrs.  Allen  and  Pepys  are  in 
general  less  than  those  given  by  Mr.  Mushet,  vfhich  may  be  owing  to  Mr.  Mushet  not 
having  applied  sufficient  heat,  or  operated  long  enough,  to  dissipate  all  the  aqueous 
matter  or  the  gaseous  products. 

To  those  persons  who  buy  charcoal  by  weight,  it  is  important  to  purchase  it  as  soon 
after  it  is  made  as  possible,  as  it  quickly  absorbs  a  considerable  portion  of  water  from 
the  atmosphere.  Different  woods,  however,  differ  in  this  respect.  Messrs.  Allen  and 
Pepys  found  that  by  a  week's  exposure  to  the  air,  the  charcoal  of 

Lignum  Vitae  gained  -----  9*6  per  cent. 

Fir   13-0  ditto. 

Box   14-0  ditto. 

Beech   16-3  ditto. 

Oak   16-5  ditto. 

Mahogany   18-0  ditto. 

The  following  is  a  tabular  view  of  the  volumes  of  the  different  gases  which  were  ab- 
sorbed in  the  course  of  24  hours,  by  one  volume  of  charcoal,  in  the  experiments  of 
M.  Theodore  de  Saussure,  which  were  conducted  in  a  way  likely  to  produce  correct 
results.  Each  portion  of  charcoal  was  heated  afresh  to  a  red  heat,  and  allowed  to  cool 
under  mercury.  When  taken  from  the  mercui-y,  it  was  instantly  plunged  into  the 
vessel  of  gas. 


Ammoniacal  gas      -  -  90 

Muriatic  acid  gas     -  -  85 

Sulphurous  acid       -  -  65 

Sulphuretted  hydrogen  -  55 

Nitrous  oxide  -        -  .  40 

Carbonic  acid  gas     -  -  35 


Bicarburetted  hydrogen  35-00 

Carbonic  oxide    -       -  9-42 

Oxygen  gas         -       -  9-25 

Nitrogen     -       .       .  7.50 

Carburetted  hydrogen  -  5-OO 

Hydrogen  gas      -       -  1-75 


_  Neumann,  who  made  many  experiments  on  charcoal,  informs  us  that  for  the  reduc- 
tion of  the  metallic  oxides,  the  charcoal  of  the  heavier  woods,  as  that  of  the  oak  and 
the  beech,  is  preferable,  and  that,  for  common  fuel,  such  charcoal  gives  the  greatest  heat 
and  requires  the  most  plentiful  supply  of  air  to  keep  it  burning ;  while  those  of  the 
lighter  woods  preserve  a  glowing  heat  with  a  much  less  draught  of  air ;  and  that  for 
purposes  where  it  is  desirable  to  have  a  steady  and  a  still  fire,  charcoal  should  be  em- 
ployed which  has  been  made  from  wood  previously  divested  of  its  bark,  since  it  is  the 
cortical  part  which  crackles  and  flies  off  in  sparks  during  combustion,  while  the  coal  or 
the  wood  itself  seldom  does. 

For  making  crayons  of  charcoal,  the  willow  is  the  best  wood  that  can  be  employed 
as  the  softness  is  uniform  in  all  its  parts.    The  durability  of  charcoal  may  be  seen  in' 
several  of  our  old  churchyards,  where  the  letters  made  with  lamp-black  are  still  per 
feet,  though  the  white  lead  with  which  the  body  of  the  stones  was  painted  is  entirelv 
destroyed.  •' 

This  property  of  carbon  is  shown,  however,  in  a  more  striking  manner  bv  the 
writings  that  were  found  in  the  ruins  of  Herculaneum,  which  have  retained  their 
original  blackness  for  two  thousand  years.  The  ancients  wrote  with  ink  made  from 
ground  charcoal.  ""^ 

If  it  be  required  to  purify  any  carbonaceous  matter,  to  render  it  fitter  for  delicate 
pigments,  this  may  be  done  by  first  calcining  it  in  a  close  vessel,  and  then  lixiviating 
It  in  water  slightly  acidulated  by  nitric  acid.  nAividung 

The  incorruptibility  of  charcoal  was  well  known  to  the  ancients,  and  they  availed 
themselves  of  this  property  upon  all  important  occasions  ^  avaiiett 

_  About  sixty  years  ago  a  quantity  of  oak  stakes  were  found  in  the  bed  of  the  Thames 
in  the  very  spot  where  Tacitus  says  that  the  Britons  fixed  a  vast  number  of  such  stakes' 
to  prevent  the  passage  of  Julius  Ca:sar  and  his  army.    These  stakes  were  Ph., 
a  considerable  depth,  had  retained  their  form  complLly,  and  were  firm  at  the  heart 
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Most  of  the  houses  m  Venice  stand  upon  piles  of  wood,  which  have  all  been  nreviouslv 
charred  for  their  preservation.  In  tins  country,  estates  were  formerly  marked  out  bv 
GrIphite  *°  "  considerable  depth  into  th«  ground.   See  BoNE-BLACKrand 

For  the  purpose  of  showing  within  a  limited  space,  the  products  of  dry  distillation 
OF  WOOD,  the  following  l.st  has  been  compiled  for  this  work  by  the  kindness  of  a 
friend  engaged  in  those  manufactures.  For  more  specific  information,  see  Destruc- 
tive Distillation,  and  the  articles  enumerated  under  their  special  heads 

The  only  products  of  the  dry  distillation  of  wood  at  present  of  any  commercial 
importance,  are  charcoal,  acetic  acid,  naphtha,  and,  in  a  minor  degree  tar  and 
creosote. 

The  products  of  wood  are  however,  very  numerous,  and,  when  examined  chemi- 

esj'ifr  tndeiur "  °f 

They  are  gaseous,  liquid,  and  solid. 

The  gaseous  products  are  those  not  condensible  by  ordinary  means,  viz.:  — 
Carbonic  oxide. 
Carbonic  acid. 

Light  carburetted  hydrogen,  or  marsh  gas. 
defiant  gas. 

These  are  usually  employed  (such  as  are  combustible)  for  heating  purposes  in  the 
manufactories  where  found. 

The  liquid  products  are  water,  containing  from  6%  to  10%  of  dry  acetic  acid, 
ammonia,  and,  associated  with  them  under  the  the  ordinary  names  of  tar  and  naphtha, 
numerous  oily,  ethereal,  and  resinous  bodies. 

The  following  list  will  comprehend  the  greater  number  of  these  bodies: — 

Water. 

Acetic  acid  in  its  crude  state,  called  pyroligneous  acid. 
Ammonia. 

Hydrate  of  methyle,  syn.  with  spirit  of  wood  and  methylic 
alcohol. 


Ordinary  naphtha,  or 
pyroligneous  spirit. ' 


Acetate  of  methyle,  or  methyle  acetic  aether. 
Acetone,  syn.  with  pyroacetic  spirit. 


Oils  found 
in  crude 
naphtha. 


Benzole, 

Toluole, 

Xylole, 

Cumole, 

Cymole. 


According  to  the  researches  of  Cahours  these  are  all 
hydrocarbons,  and  separated  by  him  from  crude 
spirit  of  wood. 


From  the  distillation  of  tar  are  obtained,  besides  many  of  the  foregoing,  which 
would  come  under  the  name  of  "  light  oils,"  from  their  low  specific  gravity  : 
Oils  heavier  than  water,  besides  residuary  resin  or  pitch' — 

Xylite.  Picamar.  Paraffine. 

Mesite.  Cedrirete.  Resin  or  pitch. 

Capnomore.  PittacaL 

Solid  products :  Pyroxanthine,  Charcoal.  —  C.  H.  B.  H. 

CHASCHISCBL  Hadschy  is  not  the  correct  term  for  this  narcotic  drug,  for 
Hadschy  means  a  pilgrim;  the  true  name  is,  according  to  pronunciation,  Chaschisch,  the 
Arab  word  for  hemp  {Cannabis  sativa).  By  this  name,  all  intoxicating  drugs  whose 
chief  constituent  is  this  herb  are  well  known  over  the  whole  of  the  East.  The  mode 
of  preparing  chaschisch  is  the  following:  — 

The  tops  and  all  the  tender  parts  of  the  hemp  plant  are  collected  after  the  period  of 
inflorescence,  dried  and  kept  for  use.  It  must  be  premised  that  the  hemp  plant  is  in 
the  East  distinguished  by  its  narcotic  properties,  although  botanists  are  unable  to  detect 
any  difference  between  this  and  the  European  species.  The  dried  hemp,  or  chaschisch, 
is  used  — 

1st.  Boiled  in  fat,  butter,  or  oil,  with  a  little  water;  the  filtered  product  is  employed 
in  all  kinds  of  pastry. 

2nd.  Powdered  for  smoking:  5  or  10  grs.  of  the  powder  are  smoked  from  a 
common  pipe  (tsubuk')  with  ordinary  tobacco  {tiiliim),  or  from  a  water  pipe  (nargiele) 
with  another  kind  of  tobacco  (tomheki).  The  tombeki  is  probably  the  leaf  of  a  species 
of  lobelia;  it  is  smoked  in  a  nargiele,  and  is  uncommonly  narcotic;  so  much  so,  that 
it  is  ordinarily  steeped  in  water  for  a  few  hours  before  it  is  used,  to  weaken  it,  and  the 
pipe  is  charged  with  it  whilst  it  is  yet  wet. 
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3rd.  Formed  witli  tragacantli  mucilage  into  pastiles,  which  are  placed  upon  a  p=pe 
and  smoked  in  similar  doses.  These  two  last  preparations  are  termed  esrar  {esmr 
is  the  Arab  word  for  ''secret");  they  are  the  most  active  of  all  the  preparations  of 
ohasehisch,  and  the  first  pipe  will  cause  cerebral  congestion  in  beginners. 

4th.  Made  into  an  electuary  with  dates  or  figs  and  honey.  This  preparation  is  of 
a  dark  brown,  almost  black,  colour,  and  tastes  of  dates  and  hemp ;  it  is  less  active 
than  the  esrar. 

5th.  Lastly,  another  electuary  is  prepared  of  the  same  ingredients  yith  the  addition 
of  spices,  clove,  cinnamon,  pepper,  amber,  and  musk.  This  preparation  is  used  as  an 
aphrodisiac. 

Chaschisch  is  said  not  to  produce  stupor,  but  the  most  pleasant  species  of  intoxica- 
tion. The  person  under  its  influence  feels  with  perfect  consciousness  in  the  best 
of  all  humours;  all  impressions  from  without  produce  the  most  grateful  sensations; 
pleasant  illusions  pass  before  his  eyes,  and  he  feels  comfortably  happy ;  he  thinks  him- 
self the  happiest  man  on  earth,  and  the  world  appears  to  him  Paradise.  From  this 
imaginative  state  he  passes  into  the  every  day  state,  with  a  perfect  recollection  of  all 
sensations,  and  of  everything  he  has  done  and  of  every  word  he  has  spoken.  The 
effects  of  a  continued  use  of  the  narcotic  are  emaciation  and  nervous  debility. 

CHEESE  (^composition  of) : — 


Cheese  from  Chester 
„      „  Parmesan 
„       „  Neufchatel 
„      „  Brie 
„      „  Holland 
„      „  Gruyere 


Water. 


Per  Ct. 
30-39 
30-31 
61-87 
53-99 
41-41 
32-05 


Ash  of  the 
substance. 


Mormal. 


Per  Ct. 
4-78 
7-09 

4-  25 

5-  63 

6-  21 
4-79 


Dry. 


Per  Ct. 

6-  88 

10-  18 

11-  17 

12-  08 
10-61 

7-  05 


Nitrogen. 


Normal. 


Per  Ct. 
5-56 
5-48 
2-28 
2-39 

4-  10 

5-  40 


Dry. 


Per  Ct. 
8-00 
7-87 
5-99 
514 
7-01 
7-96 


Fat. 


Free 
from  ash. 

Normal. 

Dry. 

Per  Ct. 

Per  Ct. 

Per  Ct. 

8-59 

25-48 

36-61 

8-76 

21-68 

31-12 

6-07 

18-74 

49-15 

5-85 

24-83 

53-29 

7-84 

25  06 

42-78 

8-56 

28-40 

41-81 

Payen  Journal  Pharma. 

Cheese  of  certain  dairies  and  districts  is  apt  to  undergo  a  remarkable  decom- 
position, whereby  valerianic  acid  is  formed.  Messrs.  Iljenko  and  Laskowsi  distilled 
along  with  water  a  turbid  ammoniacal  liquor,  which  being  redistilled  along  with  some 
sulphuric  acid,  and  the  product  neutralised  by  bai-ytes,  the  resulting  saline  compound 
proved  to  be  the  valerianate  of  that  base,  mixed  with  compounds  of  butyric  acid, 
caproic  acid,  caprylic  acid,  and  capric  acid.  The  cheese  was  from  Limbourg. 
Valerianic  acid  was  found  by  M.  Balard  in  the  cheese  of  Roquefort. 

CHEMICAL  FORMULAE.  The  term  formula,  in  ordinary  chemical  language,  is 
always  understood  to  mean  the  collection  of  symbols  indicating  a  compound  substance. 
Thus  if  we  allude  to  the  letter  or  letters  indicating  an  element,  we  say  its  symbol ;  but  if 
we  are  speaking  of  a  compound,  we  say  its  formula.  The  symbols  of  all  the  elements 
will  be  found  under  the  head  "  Equivalents,  Chemicai,."  In  constructing  formulae 
there  are  several  rules  to  be  observed,  the  neglect  of  which  will  lead  to  misapprehen- 
sion of  the  meaning  intended  to  be  conveyed.  Substances  in  the  most  intimate  union 
are  expressed  by  placing  the  symbols  in  juxta-position.  Thus  oxide  of  lead  is  repre- 
sented by  PbO,  dry  sulphuric  acid  by  SO',  acetic  acid  by  C^H''0'.  But  where  a  com- 
pound is  to  be  expressed  which  is  itself  formed  by  the  union  of  two  compounds  of 
the  class  first  mentioned,  such  as  an  acid  and  a  base,  a  comma  is  placed  between  them 
thus:  Sulphate  of  lead  is  PbO.SO',  nitrate  of  copper  CuO.NO^  The  number  of 
atoms,  when  more  than  one  enters  into  a  compound,  is  expressed  by  writinff  the 
number  on  the  upper  part  of  the  right  hand  of  the  element.  But  if  only  one  atom  is 
to  be  expressed,  the  mere  symbol  is  written.  Thus  oxide  of  copper  is  CuO  but  the 
sub-ox.de  IS  Cu«0  If  it  be  intended  to  multiply  a  formula  not  containing  a  comma 
or  other  sign,  such  as  SO^;  C^H'0\  &c.,  the  number  is  to  be  written  on  the  left 
hand  of  the  formula,  and  is  to  be  made  larger  than  would  be  the  case  if  it  merelv 
l^^i^K °!  element.  Thus  two  atoms  of  oxide  of  lead  are  written 
2PbO,  three  atoms  of  acetic  acid,  SC^H'O^  But  it  is  to  be  remembered  That  a 
number  placed  on  the  left  hand  of  a  symbol  or  formula  only  multiplies  as  far  as  the 
first  comma  or  sign,  so  that  ,f  we  wish  to  multiply  a  formula  containing  a  comma  or 
other  sign,  the  formula  must  be  placed  between  parentheses.  Thus  ?wo  atoms  of 
.Milphate  of  lead  are  written  2(PbO,SO').  If  it  be  intended  to  express  the  facT  ha[ 
one  substance  IS  to  be  added  to  another,  with  a  view  to  the  m-odurtiL  nf  f  - 
compound  or  reaction,  the  substances  to  be  added  together  are''co  *nJaed  by\^'pTus 
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si^n.  For  example,  suppose  it  be  necessary  to  express  the  fact  that  one  equivalent  of 
oxido  ot  lend  added  to  one  equivalent  of  sulphuric  acid  produces  sulphate  of  l,-..ri 
v.e  write.  PbO  +  SO^  forms  sulphate  of  lead.  But  it  is  more  usual  and  brief  to  C 
down  the  terms  connected  by  the  plus  sign  followed  by  the  sign  of  equality  and  then 
the  formula  of  the  resulting  compound,  thus:— PbO  + SO'  =  PbO,SO»  A'coUection 
of  symbols  expressing  the  nature  of  a  reaction  or  decomposition,  the  two  terms  beinc 
united  by  the  symbol  of  equality,  is  called  an  equation.  Equations  are  of  the  hichest 
value  to  the  chemist,  as  enablrag  him  to  express  in  the  simplest  possible  manner  the 
most  complicated  reactions.  Moreover,  these  equations  enable  us  to  see  at  a  clance 
the  true  nature  of  a  decomposition.  To  take  a  simple  case,  namely,  that  of  the  de- 
composition of  terchlonde  of  antimony  by  carbonate  of  ammonia,  we  have 

ShCV  +  3(NH^0,C0^)  =  SbO»  +  3NH^C1  +  3C0^ 

Or  in  words,  terchloride  of  antimony  plus  three  equivalents  of  carbonate  of  ammonia, 
yields  one  equivalent  of  teroxide  of  antimony,  three  equivalents  of  chloride  of  ammo- 
nium, and  three  equivalents  of  carbonic  acid. 

The  above  illustrations  will  suffice  to  show  the  principles  upon  which  formulas  and 
equations  expressive  of  chemical  decompositions  are  constructed.  In  writing  equa- 
tions showing  the  metamorphoses  of  substances  with  which  it  may  be  supposed  the 
reader  of  them  may  not  be  very  fully  acquainted,  it  is  proper  to  place  beneath  them 
the  names  of  the  substances  iu  full ;  thus  :  in  writing  the  change  supposed  to  be  ex- 
perienced by  amygdaline  under  the  influence  of  a  ferment  which  does  not  itself  con- 
tribute any  substance  to  the  reaction,  we  might  say :  

^C«H"NO^  +  4H0  =  C^H^O^  +  C^NH  +  2C'-H'^0'2 

Amygdaline.  Bitter  almond  Prussic     Grape  sugar. 

oil.  acid. 

In  writing  the  formulse  of  substitution  compounds,  it  is  convenient  to  place  the 
replaced  and  replacing  substances  in  a  vertical  line,  so  as  at  a  glance  to  indicate  the 
substitution  which  has  taken  place.  As  an  illustration  we  shall  place  side  by  side 
the  chemical  type  ammonia  and  some  bodies  derived  from  it  by  substitution. 


fc^ff      rc^H'      rc-H»      rc'^ff      rpt  r 

N-^     H      N-^  C^H'     N-^  C^H'     Ni     H      N-^  pt  P-^ 
L    H         L    H         [C-W        I     R         Ih  [ 


Ammonia.  Methylamine.  Bimethy-    Trimethy-     Aniline.    Platina-  Triphosphme- 

lamine.        lamine.  mine.  thylamine. 

In  the  first  of  the  above  formulae  we  have  the  type  or  starting  point,  ammonia  itself. 
In  the  next  we  find  one  atom  of  hydrogen  (two  volumes)  replaced  by  one  atom  (two 
volumes)  of  the  radical  methyle.  In  the  third  we  find  two  atoms  of  hydrogen 
replaced ;  and  in  the  fourth  illustration  all  three  have  been  replaced  by  methyle.  The 
fifth  formula  is  that  of  ammonia,  in  which  one  equivalent  of  hydrogen  is  replaced  by 
phenyle,  forming  phenylamine,  or,  as  it  is  more  usually  termed,  aniline.  The  sixth 
illustrates  a  very  peculiar  substitution.  In  it  we  find  two  atoms  of  hydrogen  replaced 
by  the  platinicum  of  the  late  illustrious  chemist,  M.  Gerhardt,  who  regards  platinum 
as  entering  into  substitutions  with  two  atomic  weights,  as  if  it  were  two  metals.  The 
one  being  the  platinum  of  chemists  generally,  its  atomic  weight  being  99  (and  its 
symbol  Pt) ;  this  he  calls  platinosum.  The  other  being  platinicum  (pt),  with  an  atomic 
weight  half  that  of  platinosum,  namely,  49-5.  The  last  formula  is  that  of  the  singular 
base,  triphosphmethylamine.  In  it  we  see  the  nitrogen  of  the  original  type  replaced 
by  phosphorus,  and  each  equivalent  of  hydrogen  by  methyle. 

It  is  a  fruitful  source  of  annoyance  to  students  and  others  to  find,  on  looking  through 
chemical  works,  the  same  substance  represented  by  different  authors  with  totally  dif- 
ferent formula;.  We  shall  endeavour  to  give  a  few  instances  and  such  explanations  as 
will  assist  in  enabling  the  student  to  overcome  the  difficulty.  It  is  often  the  case  that 
ttie  differences  in  the  formula;  arise  from  the  works  consulted  having  been  written  at 
different  dates;  the  older  one  is  then,  in  most  cases,  to  be  rejected,  because  it  is  pro- 
bable that  the  formula;  in  it  have  been  corrected  by  subsequent  and  more  accurate 
researches.  It  not  unfrequently  happens  that  an  author  writes  nitrous  acid  NO*,  and 
the  true  nitrous  acid  (NO')  is  called  hyponitrous  acid.  It  may  serve  to  assist  the 
student  in  correcting  any  errors  on  this  point,  to  consult  a  list  of  the  oxides  of 
nitrogen  according  to  the  nomenclature  at  present  employed  :  such  a  list  will  be  found 
in  the  article  Nitiiogen.  A  still  more  common  cause  of  didirulty  is  owing  to  the 
different  theoretical  views  of  chemists  regarding  the  constitution  of  chemical  sub- 
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stances.  The  papers  of  MM.  Laurent  and  Gerhardt,  and  the  more  advanced  of  their 
followers,  are  at  times  almost  unintelligible  to  the  beginner,  owing  to  their  adoption 
of  different  atomic  weights  to  those  employed  in  this  countiy.  Whatever  opinion 
may  be  held  by  individuals  respecting  the  necessity  for  the  changes  adopted  by  them, 
it  must  be  remembered  that  the  arguments  in  favour  of  their  doctrines  are  in  general 
of  the  most  weighty  kind ;  and  moreover,  that  chemical  reactions  can  often  be  ex- 
plained and  generalised  when  seen  through  the  medium  of  their  theoretical  views, 
which  present  exceedingly  embarrassing  points  if  viewed  under  the  old  system.  It 
will  serve  to  a  great  extent  to  remove  the  dilficulties  alluded  to  if  it  be  remembered 
that,  in  order  to  pass  from  the  ordinary  atomic  weights  used  in  this  work  to  those 
employed  by  M.  Gerhardt,  it  is  merely  necessary  to  double  the  atomic  weights  of 
carbon,  oxygen,  sulphur,  and  selenium,  while  the  hydrogen,  nitrogen,  phosphorous 
metals,  chlorine,  bromine,  iodine,  and  fluorine  remain  unaltered. 

Some  of  the  more  advanced  chemists  of  the  present  day  write  carbonic  acid  C-0*, 
instead  of  CO-.  This  is  in  consequence  of  their  regarding  it  as  a  bibasic  instead  of  a 
monobasic  acid.  The  same  thing  applies  to  sulphuric  acid.  It  is  also  to  be  remem- 
bered that  most  modern  chemists  assume  organic  bodies  to  undergo  a  condensation  to 
four  volumes ;  consequently  ether  becomes  CH'"©-,  instead  of  C^H^O.  The  same 
remark  applies  to  many  other  substances.  Bodies  that  cannot  have  their  vapour 
relations  properly  studied,  in  consequence  of  their  not  being  volatile  without  decom- 
position, are  often  written  in  two  or  three  different  ways  by  various  authors.  It  is 
probable  that  these  anomalies  will,  for  a  time,  increase  rather  than  diminish,  because 
recent  discoveries  are  constantly  showing  the  inadequacy  of  the  older  views  of  the 
chemical  constitution  of  bodies  to  explain  the  reactions  that  occur. 

It  will  greatly  assist  the  student  in  his  endeavours  to  recollect  chemical  formula;,  if 
he  commits  to  memory  the  principal  types  and  the  substances  which  are  regarded  as 
formed  on  their  model.    The  following  are  those  which  are  best  established:  — 

Ti/pe,  Iwo  atoms  of  water.— This  type  is  written  in  such  a  manner  that  the  replace- 
ment of  the  hydrogen  can  be  distinctly  seen.  By  its  side  are  placed  a  few  of  the 
substances  formed  on  the  same  model. 

Two  atoms  Hydrate  of  Anhydrous 

of  water.       Acetic  acid.        Alcohol.  Ether.*  potash.  potash. 

qi       ^ipF       qi  qi 

In  the  above  simple  illustrations  of  the  type  water  we  have,  in  the  case  of  acetic 
acid,  one  atom  of  hydrogen  replaced  by  the  oxidised  radical  acetyle  C^WO";  and 
the  other  by  one  atom  of  basic  hydrogen.  By  basic  hydrogen  is  meant,  that  it  acts 
the  part  of,  and  can  be  replaced  by,  a  metal.  The  opinions  of  chemists  with  regard 
to  the  nature  of  the  radical  existing  in  acetic  acid  are  divided.  Some  consider  the 
acid  as  the  hydrated  teroxide  of  the  non-oxidised  radical  acetyle  {C*W),  and  therefore 
write  its  formula  C^H'O''  +  HO.  But  as  the  chloride  of  the  oxidised  radical  can  be 
isolated,  we  cannot  doubt  its  existence.  Moreover,  there  is  no  doubt  of  the  existence 
of  the  other  radical,  C*H',  because  we  find  it  replacing  hydrogen  in  the  base  acety- 
lamine.  See  Acetylamine.  But  the  conclusion  must  be  drawn  from  these  facts 
that  there  are  two  radicals,  one  existing  in  acetic  acid  C*^PO^  which  Williamson 
calls  othyle,  and  another,  sometimes  called  vinyle  C*W,  which  exists  in  aldehyde  in 
olefiant  gas  and  several  other  bodies.    The  radical  in  acetic  acid  is,  consequently,  not 

^  -I  I  J  Out  v>  xl  O". 

The  next  illustration  is  that  of  alcohol,  which  consists  of  two  atoms  of  water  in 
which  one  atom  of  hydrogen  is  replaced  by  ethyle,  and  the  other  by  hydrogen  Ether 
on  the  other  hand,  is  derived  from  the  same  type,  both  atoms  of  basic  hydrogen  beinff 
replaced  by  ethyle.  Hydrate  of  potash  and  anhydrous  potash  will,  after  what  has  been 
said,  explain  themselves.  It  will  be  seen  that  in  all  these  illustrations,  the  same 
vapour  volume  IS  preserved,  and  by  this  means  the  exceeding  anomaly  of  ether  and 
alcohol  being  of  different  vapour  volumes  is  removed.  While  the  type  two  atoms  of 
Zl^l,^^  existence,  it  remains  for  chemists  to  discover 

whether  we  are  justified  m  receiving  as  types  bodies  which  have  no  real  existence 
such  as  three  atoms  of  water.  ciisiencc. 

Type  two  atovis  of  hydrogen.-The  type  ammonia  has  already  been  sufiicientiv 
Illustrated;  It  remains  then,  only  to  show  what  substances  are  to  be  reTrded  ^ 
formed  on  the  type  hydrogen.  M.  Gerhardt,  in  addition  to  these,  adopts  hydSl or ic 
acid  as  a  type;  but  when  we  consider  that  that  acid  is  itself  formed  o^n  thrhySo/m 
model,  It  appears  unnecessary  to  raise  it  to  the  dignity  of  a  separate  type 

•  For  the  typical  representation  of  the  mixed  and  composed  ethers,  set  the  article  Ethbr. 
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Two  atoms  of    Oleliant      Marsh    Hydrochloric  Prussic 
hydrogen.         gas.  gas.  acid.        Benzole.  acid. 


The  above  will  be  suiBciently  plain  after  what  has  been  said,  it  being  remembered 
that  cm"  is  methyle,  C^-P  ethyle,  C'-IP  phenyle,  and  C=N  cyanogen. 

It  is  sometimes  a  source  of  perplexity  to  the  beginner  to  find  that  the  formula;  of 
salts  are  written  by  different  authors  in  a  somewhat  different  manner.  Thus  sulphate 
of  potash  will,  by  one,  be  written  SO'.KO,  and  by  another  SO'K.  The  reason  of 
this  will  become  plain  from  the  following  considerations: — All  salts  are  derived  from 
acids  by  the  substitution  of  metals  for  hydrogen.  Thus  if,  instead  of  writing  sulphuric 
acid  SO'.HO,  we  write  SO^H,  we  shall  at  once  see  that  sulphate  of  potash,  SO'K, 
is  sulphuric  acid  in  which  one  equivalent  of  hydrogen  is  replaced  by  potassium.  It 
is  true  that  the  relation  between  acids  and  salts  may  be  more  completely  seen  by 
using  a  different  class  of  formula,  founded  on  the  theory  of  types ;  but,  nevertheless, 
the  above  illustrations  will  serve  to  explain  why  one  person  will  write  acetate  of 

potash  another  ^  ^^-^di  C'IPOyCO,  and  perhaps  a  fourth 

C'H'O^KOl 

On  the  modes  of  determining  the  empirical  and  rational  formulm  of  substances  from 
the  results  of  their  analysis.  —  It  now  remains  to  show  how  the  formulaj  of  bodies  are 
determined.  There  are  two  kinds  of  formulse  —  the  empirical  and  rational.  An 
empirical  formula  merely  indicates  the  simplest  ratio  existing  between  the  elements 
present ;  a  rational  formulae  shows  the  absolute  constitution  of  an  atom  or  equivalent 
of  any  substance.  Sometimes  the  expression  rational  formula  is  used  in  a  more 
extended  sense,  and  then  signifies  the  actual  manner  in  which  the  elements  are 
arranged  in  a  compound  molecule,  but  this  happens  so  seldom,  that  we  shall  in  this 
work  understand  the  term  in  the  sense  first  given. 

An  empirical  formula  can  always  be  deduced  from  the  mere  result  of  an  accurate 
analysis.  A  rational  formula,  on  the  other  hand,  demands  a  knowledge  of  the  atomic 
•weight  of  the  substance.  The  latter  datum  can  be  best  determined — 1st,  by  the 
analysis  of  a  compound  with  a  substance  the  atomic  weight  of  which  is  well  estab- 
lished ;  2nd,  by  determining  the  density  of  its  vapour. 

Empirical  formula.  —  The  percentage  composition  of  a  compound  having  been 
accurately  found,  the  empirical  formula  may  be  deduced  from  the  following  rule:  — 
Divide  the  percentage  of  each  constituent  by  its  atomic  weight,  and  reduce  the  num- 
ber so  obtained  to  its  lowest  terms.  Suppose,  for  example,  the  empirical  formula  of 
nitric  acid  to  be  required,  the  composition  being :  — 

Nitrogen  -  -  25*9 
Oxygen     •       -  74*1 

100-0 

These  numbers,  divided  by  their  respective  atomic  weights,  give :  — 

25-^  =  1-85 

=  9-26 

To  reduce  these  numbers  to  their  lowest  terms,  it  is  merely  necessary  to  divide 
9-26  by  1-85.    The  simplest  terms  being:— 

Nitrogen,  I'OO  :  Oxygen,  5-00 
Nitric  acid  consequently  consists  of  one  equivalent  of  nitrogen,  and  five  of  oxygen. 
Rational  formulcB.— In  the  above  illustration  we  found  the  simplest  ratio  existing 
between  the  elements  of  nitric  acid.  But  it  will  be  seen  that,  for  aught  that  appears 
there,  it  may  consist  of  n  times  N0=.  It  becomes  necessary,  therefore,  to  find  the 
atomic  weight  of  the  acid,  and  then  to  find  the  number  of  atoms  of  the  elements 
(combined  in  the  above  ratio),  which  will  make  that  atomic  weight.  In  order  to  do 
this,  it  will  be  proper  to  determine  the  atomic  weight  of  the  acid  from  the  data  pro- 
cured by  the  first  method,  given  above.  In  order  to  accomplish  this,  a  salt  was  analysed 
for  the  percentages  of  soda  and  nitric  acid,  with  the  annexed  result  :  — 

Soda  -  -  36-47 
Nitric  acid      -  63-53 


100-00 
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The  required  datum,  namely,  the  atomic  weight  of  the  acid  can  easily  be  obtained 
by  sayinn-  —As  the  percentage  of  base  is  to  the  percentage  of  acid,  so  is  the  atomic  weight 
of  the  base  to  the  atomic  weight  of  the  acid.  In  the  instance  given  we  have,  there- 
fore :  — 

36-47  :  63-53  ::  31  :  53-999 

Percentage  of       Percentage  of      Atomio  weight  of   Atomic  weight  of 
base.  acid.  base.  acid. 

It  is  evident  that  53-999  may  be  written  54-0  without  any  inaccuracy.  If,  there- 
fore, we  add  together  the  equivalents  of  nitrogen  and  oxygen  in  the  ratio  found  in 
the  empirical  formula,  we  shall  have : — 

1  equivalent  of  nitrogen  =  14 
5  equivalents  of  oxygen  =  40 

54  =  the  atomic  weight  of  the  acid. 

We  will  now  consider  the  mode  of  determining  the  rational  formula  of  a  substance 
from  the  results  of  the  analysis  and  the  density  of  the  vapour.  Suppose  a  hydro- 
carbon to  have  yielded  on  analysis  : — 

Carbon  -  -  85-714 
Hydrogen      -  14-286 


100-000 


,    ,  85-714  14-286 

And—  — - —  =  14-286  — ^  =  14-286 

0  1 

The  quotient  being  the  same,  the  empirical  formula  becomes  C"H°.  It  remains, 
therefore,  to  determine  the  value  of  n.  The  density  of  the  vapour  was  found  to  be 
2-9064.  Now  the  hydrocarbons  always  possess  a  condensation  to  four  volumes.  In 
the  article  Equivalents,  Chemical,  rules  are  given  for  ascertaining  the  equivalents 
of  substances  from  the  densities  of  their  vapours.  For  four  volume  formula;  the  rule 
is: — Divide  the  density  of  the  gas  by  half  the  density  of  hydrogen.  Applying  this 
rule  we  have : — 

2-9064 

 =  84-00. 

•0346 

It  is  therefore  necessary  to  find  what  multiple  of  the  atomic  weight  of  CH  will 
make  84  00.  Now  C  +  H  =  6  +  1  =  7,  and  7  x  12  =  84.  Consequently  the  formula 
is  12(CH),  or,  as  it  is  always  written,  C'^H'^. 

The  above  rules  will  suffice  to  enable  any  person  to  determine  the  empirical  and 
rational  formulae  of  substances  from  the  results  of  analysis  C.  G.  W. 

CHERRY  TREE.  —  The  Tunbridge  turners  use  the  wood  largely,  considering  the 
wood  of  the  black  heart  cherry  the  best.  It  is  a  hard,  close-grained  wood,  of  a  pale 
red-brown  colour. 

CHERT,  a  silicious  mineral  nearly  allied  to  chalcedony  and  flint,  but  less  homo- 
geneous and  simple  in  texture.  A  gradual  passage  from  chert  to  limestone  is  not 
uncommon  (^Lyell).  Chert  is  a  term  often  applied  to  hornstone,  and  to  any  impure 
flmty  rock,  including  the  jaspers  (Dana). 

Chert  is  worked  extensively  out  of  the  carboniferous  limestone  quarries  of  Flint- 
shire, especially  at  Halkin  and  at  Talacre.  It  is  also  produced  in  considerable 
quantities  in  the  same  formation  in  Derbyshire.    It  is  used  in  the  Potteries. 

CHESTNUT.  (Castanea  vesca.)  The  wood  of  this,  the  sweet  or  Spanish  chest- 
nut, is  sometimes  used  in  house  carpentry.  The  wood  of  an  oak  (Quercus  sessili flora) 
IS  often  mistaken  for  it.  \^  j  "j 

The  wood  of  the  horse  chestnut  (^sctdus  hippocastum)  is  one  of  the  white  woods 
much  used  by  the  turners  of  Tunbridge  ;  it  is  also  employed  for  brush  backs.  The 
white  i,nner)  bark  of  the  horse  chestnut,  when  infused  in  boiling  water,  produces  a 
yellow  fluid  which  posesses  the  remarkable  power  o{  fluorescence  ;  that  is,  it  throics 
bach  from  its  first  surface  a  set  of  rays  of  high  refrangibility,  and  of  a  blue  colour 
while  the  ordinary  yellow  rays  are  duly  transmitted.    The  phenomena  have  been  Mly 

f  *K  -  ,  '=°l°'^.""g  principle  made  use  of  in  America  by  some  Indian  tribes 
to  stain  their  skins  It  is  extracted  from  the  biynonia  chica  by  boiling  its  leaves  in 
water  decantog  the  decoction,  and  allowing  it  to  settle  and  cool,  when  a  red  matter 
falls  down,  which  is  formed  into  cakes  and  dried. 
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The  savages  mix  this  pigment  with  the  fat  of  the  cayman  or  alligator,  and  rub 
their  skins  with  the  mixture.  It  may  probably  be  turned  to  account  in  the  arts  of 
civilised  nations. 

CHICORY.  The  root  of  the  Cichorium  intylus.  ^ild  Succory  or  Chicory.  This 
plant  is  cultivated  in  various  parts  of  England,  growing  well  in  a  gravelly  and'chalky 
soil ;  also  in  Belgium,  Holland,  Germany,  and  Prance.  The  roots  of  the  wild 
succory  were  formerly  used  medicinally ;  it  possesses  properties  in  many  respects 
resembling  those  of  the  dandelion,  but  it  is  rarely  employed  for  curative  purposes  in 
the  present  day. 

Chicory  root  roasted  has  been  employed  as  a  substitute  for  coffee  for  more  than 
eighty  years.  {Constantini  Nachriuht  von  d.  CichorianwurzeU  1771.)  It  is  now  em- 
ployed extensively  as  a  mixture  with  coffee,  which,  although  allowed,  cannot  be 
regarded  other  than  an  adulteration. 

Chicory  root  is  heated  in  iron  cylinders,  which  are  kept  revolving  as  in  the  roasting 
of  coffee.  In  this  country  about  two  pounds  of  lard  are  added  to  every  cwt.  of 
chicory  during  the  roasting  process  :  in  France  butter  is  used  ;  by  this  a  lustre  and 
colour  resembling  that  of  coffee  is  imparted  to  it.  When  roasted  the  chicory  is 
ground  to  powder  and  mixed  with  the  coffee.  Chicory  has  been  supposed  by  some 
persons  to  be  wholesome  and  nutritive,  while  others  contend  that  it  is  neither  one 
nor  the  other  ;  however,  no  obvious  ill  effects  have  been  observed  to  arise  from  its 
employment,  if  we  except  the  occasional  tendency  to  excite  diarrhoea  when  it  has 
been  used  to  excess.  The  analysis  of  chicory  root  by  John  gave  25  parts  watery 
bitter  extractive,  3  parts  resin,  besides  sxigar,  sal  ammoniac,  and  woody  fibre.  Waltl 
procured  inulin  from  it,  but  the  quantity  varies  greatly  in  different  roots.  The 
following  remarks  on  the  adulteration  of  chicory  are  by  Dr.  Pereira. 

"  Eoasted  chicory  is  extensively  adulterated.  To  colour  it,  Venetian  red  and, 
perhaps,  reddle  are  used.  The  former  is  sometimes  mixed  with  the  lard  before  this 
is  introduced  into  the  roasting  machine ;  at  other  times  it  is  added  to  the  chicory 
during  the  process  of  grinding.  Roasted  pulse  (peas,  beans,  and  lupines),  corn  (rye 
and  damaged  wheat),  roots  (parsnips,  carrots,  and  mangold  wurzel),  bark  (oak-bark 
tan),  wood  dust  (logwood  and  mahogany  dust),  seeds  (acorns  and  horse-chestnuts), 
the  marc  of  coffee,  coffee  husks  (called  coffee-flights),  burnt  sugar,  baked  bread,  dog 
biscuit,  and  baked  livers  of  horses  and  bullocks  (!),  are  substances  which  are  said  to 
have  been  used  for  adulterating  chicory.  A  mixture  of  roasted  pulse  (peas  usually) 
and  Venetian  red  has  been  used,  under  the  name  of  Hambro'  powder,  for  the  same 
purpose. 

"  The  following  are  the  chief  modes  of  examining  chicory  with  the  view  to  the 
detection  of  these  adulterations  : — 

"  1st.  Careful  examination  of  the  odour,  flavour,  and  appearance  to  the  naked  eye 
of  the  suspected  powder.    In  this  way  foreign  substances  may  sometimes  be  detected. 

"  2nd.  A  portion  of  the  dried  powder  is  to  be  thrown  on  water ;  the  chicory  rapidly 
imbibes  the  water  and  falls  to  the  bottom,  whereas  some  intermixed  powders  (as  the 
marc  of  coffee)  float. 

"  3rd.  The  suspected  powder  is  to  be  submitted  to  careful  microscopical  examina- 
tion. Pulse  and  corn  may  be  detected  by  the  size,  shape,  and  structure  of  the  starch 
gi-ains.  The  tissues  of  barks,  woods,  and  other  roots  may  also  be  frequently  dis- 
tinguished from  those  of  chicory. 

"  ■Ith.  A  decoction  of  the  suspected  chicory  is  then  to  be  prepared,  and,  when  cold, 
to  be  tested  with  solution  of  iodine  and  persulphate  of  iron. 

"  Iodine  colours  a  decoction  of  pure  chicory  brownish ;  whereas  it  produces  a 
purplish,  bluish,  or  blackish  colour  with  decoctions  of  roasted  pulse,  roasted  corn, 
baked  bread,  roasted  acorns,  and  other  substances  containing  starch.  Persulphate 
or  perchloride  of  iron  does  not  produce  much  effect  on  a  decoction  of  pure  chicory, 
but  it  communicates  a  bluish  or  blackish  tint  to  a  decoction  of  oak-bark,  of  roasted 
acorns,  and  other  substances  containing  tannic  or  gallic  acids. 

"  5th.  By  incineration,  pure  dried  chicory  yields  from  4  to  n  per  cent,  of  a  grey  or 
fawn-coloured  ash.  If  Venetian  red,  or  any  earthy  or  mineral  substances,  be  present, 
a  larger  amount  of  ash  is  obtained.  Moreover,  when  Venetian  red  has  been  employed, 
the  colour  of  the  ash  is  more  or  less  red." 

In  1856  we  imported  of  chicory,  raw  or  kiln  dried,  »1,721  cwts.;  computed  real 
value,  42,903/.  ,    ^  ,      ,  „.„  „p 

CHILDRENITE.    This  mineral  may  be  regarded  as  an  hydrous  pliosphate  ot 
alumina  and  iron.    Its  composition  being  phosphoric  acid,  27-8 ;  alumina,  l"!'-* !  P'°y: 
oxide  of  iron,  31-8  ;  protoxide  of  manganese,  8-9  ;  water,  17-6.  (/>««''•) 
mine  in  Cornwall,  childrenite  is  found  on  slate,  and  at  Tavistock  in  Devonsliiie,  wiUi 

^^CHIMNEY.    iChcminde,  Fr.;  Schomstein,  G^rm.)    (The  whole  of  this  article  is 
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retained  as  written  by  Dr.  Ure.  His  investigation  on  some  of  the  points  involved 
being  of  much  value.)  Chimney  is  a  modern  invention  for  promoting  the  draught 
of  fires  and  carrying  o£F  the  smoke,  introduced  into  England  so  late  as  the  age  of 
Elizabeth,  though  it  seems  to  have  been  employed  in  Italy  100  years  before.  The 
Romans,  with  all  their  luxurious  refinement,  must  have  had  their  epicurean  cookery 
placed  in  perpetual  jeopardy  from  their  kitchen  fires,  -which,  having  no  vent  by  a 
vertical  tunnel  in  the  walls,  discharged  their  smoke  and  frequently  their  flames  at 
their  windows,  to  the  no  small  alarm  of  their  neighbours,  and  annoyance  of  even  the 
street  passengers. 

Chimneys  in  dwelling  houses  serve  also  the  valuable  purpose  of  promoting  salu- 
brious circulation  of  air  in  the  apartments,  when  not  foolishly  sealed  with  anti-ven- 
tilating  stove-chests. 

The  first  person  who  sought  to  investigate  the  general  principles  of  chimney 
draughts,  m  subserviency  to  manufacturing  establishments,  was  the  celebrated  Mont- 
golfier.  As  the  ascent  of  heated  air  in  a  conduit  depends  upon  the  diminution  of  its 
specific  gravity,  or,  in  other  words,  upon  the  increase  of  its  volume  by  the  heat  the 
ascensional  force  may  be  deduced  from  the  difference  between  the  density  of  the 
elastic  fluid  in  the  interior  of  the  chimney,  and  of  the  external  air;  that  is  between 
the  different  heights  of  the  internal  and  external  columns  of  elastic  fluid  supposed  to 
be  reduced  to  the  same  density.  In  the  latter  case,  the  velocity  of  the  gaseous  pro- 
ducts of  combustion  in  the  interior  of  the  chimney  is  equal  to  that  of  a  heavy  body 
^«'J^^'l  ('■0'^  a  'weight  equal  to  the  difference  in  height  of  the  two  aerial  columns. 

lo  illustrate  this  position  by  an  example,  let  us  consider  the  simple  case  of  a  chimney 
of  ventdation  for  carrying  off  foul  air  from  a  factory  of  any  kind;  and  suppose  that 
the  tunnel  of  u-on  be  incased  throughout  with  steam  at  212°  Fahr.    Suppose  this 
tunnel  to  be  100  yards  high,  then  the  weight  of  the  column  of  air  in  it  wSlT  o  ha 
of  a  column  of  externa  air  100  yards  high,  assumed  at  32°  Fahr.,  inversely  as  its  ex-  ■ 
pansion  by  180°;  that  is,  as  1000  is  to  1-375;  or  as  72-  727  is  to  100.    The  co  umn  of 
external  ajr  at  32°  being  100  yards,  the  internal  column  will  be  represented  by  727°  7 
and  the  ^fference  =  27-27,  wUl  be  the  amount  of  unbalanced  weigror  piSsure  which 
IS   he  effective  cause  of  the  ventilation.    Calculating  the  velocity  of  currenT  due 
to  his  difference  of  weight  by  the  well-known  formull  for  the  faU  of  heavy  bocHe. 
that  IS  to  say,  multiplying  the  above  difference,  which  is  27-27,  by  the  constant  fac" 
tor  19-62,  and  extracting  the  square  root  of  the  product;  thus,  V19-62  x  27-27  =  23-]3 
will  be  the  velocity  in  yards  per  second,  which,  multiplied  by  3.  gives  69-39  feet  The 
quantity  of  a.r  which  passes  in  a  second  is  obtained  of  course  by  multiplvin??he  area 
or  cross  section  of  the  tunnel  by  this  velocity.    If  that  section  is^alf  a  ya rd^hat  is  - 
a  quadrangle  H  feet  by  2,  we  shall  have  23-13  x  0-5  =  1 1 -565  cubic  yards'!  =  31 2i  cib7c 

burned  air  of  the  temperature  of  212°  over  tW  nf  ■  '^"'S^*  '°  «"<=h 

into  account  in  the  mecedinfcalculk?^^^^^ 

second  for  the  velocit?  ^a' cTi^ty  iS^J       h%^h  in^catd  In  stJa^ 

matiXL^rofSLrt^i— f^^^^^^^^ 

draught  of  air,  is  directly  pi^iortioL't^  tfe^Lfg^^'ott^^^  '° 
of  die  velocity,  and  inversely  to  their  diameter  cnimneys,  and  to  the  square 

tac^^?t:°a°^Jrni;rnt^rinfgVo',±cl  '  -Hes  diameter,  at- 

tween  the  velocity  calcuHtPd  Wt>:I  =1  ^       cnarcoal,  the  difference  is  prodig  ous  be- 

of  a  stop  watcKnS  tee  J  ^f  a  S^^f  Tmoi'l "^^'^ 
turpentine  thrust  quickly  nto  the  fi?e     The  °hYJ'°°\^^        tow  dipped  in  oil  of 
perature  of  the  atmosphere  68°  Fahr'\he  v^etitJ^eT JecondVas'  f"' 

Trials  By  Theory.         By  Experiment.  Mean  Temperature 

1    -       -    26-4  feet    -       -    5fepf  ,  „°  o^!j;'".""'J'- 

3    -       .    34-5        .       .    6-5    "  "       •       "  " 
"  -    b  J    ,.  -        .        .  270° 


Vol.  I.  injne^hrst  place,  the  theoretical  velocity  must 
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bo  multiplied  by  a  factor,  which  is  dilTcrent  according  as  the  chimney  is  made  of 
bricks,  pottery,  sheet  iron,  or  cast  iron.  This  factor  must  be  multiplied  by  the 
square  root  of  tlio  diameter  of  tlie  chimney  (su])posed  to  be  round),  divided  by  its 
length,  increased  by  four  times  its  diameter.    Thus,  for  pottery,  its  expression  is 

2-06    /  °     ;  D  being  the  diameter,  and  l  the  length  of  the  chimney. 

A  pottery  chimney,  33  feet  high,  and  7  inches  in  diameter,  when  the  excess  of  its 
mean  temperature  above  that  of  the  atmosphere  was  205°  Fahr.,  had  a  pressure  of  hot 
air  equal  to  11"7  feet,  and  a  velocity  of  7'2  feet  per  second.  By  calculating  from  the 
last  formula,  the  same  number  very  nearly  is  obtained.  In  none  of  the  experiments 
did  the  velocity  exceed  12  feet  per  second,  when  the  difference  of  temperature  was 
more  than  410°  Fahr. 

Every  different  form  of  chimney  would  require  a  special  set  of  experiments  to  be 
made  for  determining  the  proper  factor  to  be  used. 

This  troublesome  operation  may  be  saved  by  (he-judicious  application  of  a  delicate 
differential  barometer,  such  as  that  invented  by  Dr.  Wolliiston;  thougli  this  instrument 
does  not  seem  to  have  been  applied  by  its  very  ingenious  author  in  measuring  the 
draughts  or  ventilating  powers  of  furnaces. 

If  into  one  leg  of  this  differential  siphon,  water  be  put,  and  fine  spermaceti  oil  into 
the  other,  we  shall  have  two  liquids,  which  are  to  each  other  in  density  as  the  numbers 
8  and  7.  If  proof  spirit  be  employed  instead  of  water,  we  shall  then  have  the  relation 
of  very  nearly  20  to  19.  1  have  made  experiments  on  furnace  draughts  with  the  in- 
strument in  each  of  these  states,  and  find  the  water  and  oil  siphon  to  be  sufficiently 
sensible;  for  the  weaker  draughts  of  common  fire-places  the  spirits  and  oil  will  be 
preferable  barometric  fluids. 

To  the  lateral  projecting  tube  of  the  instrument,  as  described  by  Dr.  Wollaston,  I 
found  it  necessary  to  attach  a  stop-cock,  in  order  to  cut  off  the  action  of  the  chinuiey, 
while  placing  the  siphon,  to  allow  of  its  being  fixed  in  a  proper  state  of  adjustment, 
with  its  junction  line  of  the  oil  and  water  at  the  zero  of  the  scale.  Since  a  sliuht  de- 
viation of  the  legs  of  the  siphon  from  the  perpendicular  changes  very  considerably  the 
line  of  the  level,  this  adjustment  should  be  made  secure  by  fixing  the  horizontal  pipe 
tightly  into  a  round  hole,  bored  into  the  chimney  stalk,  or  drilled  through  the  furnace 
door.  On  gently  turning  the  stop-cock,  the  difference  of  atmospheric  pressure  cor- 
responding to  the  chimney  draught  will  be  immediately  indicated  by  the  ascent  of  the 
junction-line  of  the  liquids  in  the  siphon.  This  modification  of  apparatus  permits  the 
experiment  to  be  readily  rectified  by  again  shutting  off  the  draught,  when  the  air  will 
slowly  re-enter  the  siphon;  because  the  projecting  tube  of  the  barometer  is  thrust  into 
the  stop  cock,  but  not  hermetically  joined;  whereby  its  junction-line,  is  allowed  to 
return  to  the  zero  of  the  scale  in  the  course  of  a  few  seconds. 

Out  of  many  experiments  made  with  this  instrument,  I  shall  content  myself  with 
describing  a  few,  very  carefully  performed  at  the  breweries  of  Messrs.  Trueman,  Han- 
hury  and  Buxton,  and  of  Sir  H.  Meux,  Bart,  and  at  the  machine  factory  of  Messrs. 
Braithwaite;  in  the  latter  of  which  I  was  assisted  by  Captain  Ericssen.  In  the  first 
trials  at  the  breweries,  the  end  of  the  stop-couk  attached  to  the  differential  barometer 
was  lapped  round  with  hemp,  and  made  fast  into  the  circular  peep-hole  of  the  furnace 
door  of  a  wort-copper,  communicating  with  two  upright  parallel  chimneys,  each  18 
inches  square  and  50  feet  high.  The  fire  was  burning  with  fully  its  average  intensity  at 
the  time.  The  adjustment  of  the  level  being  perfect,  the  stop-cock  orifice  was  opened, 
and  the  junction  level  of  the  oil  and  water  rose  steadily,  and  stood  at  1^  inches,  corre- 
SDondine  to  =0-156  of  1  inch  of  water,  or  a  column  of  air  10-7  feet  high  This  dif- 
ference of  pressure  indicates  a  velocity  of  26  feet  per  second.  In  a  second  set  of  ex- 
periments, the  extremity  of  the  stop-cock  was  inserted  mto  a  hole  bored  through  the 
cWmney  stalk  of  the  boiler  of  a  Boulton  and  Watt  steam-engine  of  twenty-horse 
power  ^  The  area  of  this  chimney  was  exactly  18  inches  square  at  the  level  of  the 
W  hole  and  its  summit  rose  50  feet  above  it.  The  fire-grate  was  about  10  feet 
below  that  level.  On  opening  the  stop-cock,  the  jmiction  line  rose  2^  inches.  1  his 
SpeTiment  was  Verified  by  repetition  upon  different  days,  w  th  fires  burning  a  their 
averaS  in  ensity,  and  consuming  fully  12  lbs.  of  the  best  coals  hourly  for  each  hors  s 
Dower  or  nearly  one  ton  and  a  third  in  twelve  hours.    If  we  divide  the  number  2^ 

the  junction  line  was  1  inch,  when  the  differential  oil  and  water  barometer  was  placea 
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in  direct  communication  with  a  chimney  1 5  inches  square,  belonging  to  a  steam  boiler, 
and  when  the  fire  was  made  to  burn  so  fiercely,  that,  on  opening  the  safety-valve  of 
the  boiler,  the  excess  of  steam  beyond  the  consumption  of  the  engine  rushed  out  with 
such  violence  as  to  fill  the  whole  premises.  The  pressure  of  one-eighth  of  an  inch  of 
water  denotes  a  velocity  of  draught  of  23  4  feet  per  second. 

In  building  chimneys,  we  should  be  careful  to  make  their  area  rather  too  lai-ge  than 
too  small;  because  we  can  readily  reduce  it  to  any  desired  size  by  means  of  a  sliding 
register  plate  near  its  bottom,  or  a  damper  plate  applied  to  its  top,  adjustible  by  wires 
or  chains  passing  over  pulleys.  Wide  chimneys  are  not  so  liable  as  narrow  ones  to 
have  their  draught  affected  by  strong  winds.  In  a  factory,  many  furnace  flues  are 
often  conducted  into  one  vertical  chimney  stalk,  with  great  economy  in  the  first 
erection,  and  increased  power  of  draught  in  the  several  fires. 

Vast  improvements  have  been  made  in  this  country  of  late  years  in  building  stalks 
for  steam  boilers  and  chemical  furnaces.  Instead  of  constructmg  an  expensive,  lofty 
scaffokhng  of  tnnber  round  the.  chimney,  for  the  bricklayers  to  stand  upon,  and  to 
place  their  materials,  pigeon-holes,  or  recesses,  are  left  at  regular  intervals,  a  few  feet 
apart,  within  the  chimney,  for  receiving  the  ends  of  stout  wooden  bars,  which  are 
laid  across,  so  as  to  form  a  species  of  temporary  ladder  in  the  interior  of  the  tunnel 
By  means  of  these  bars,  with  the  aid  of  ropes  and  pulleys,  everything  may  be  pro- 
gressively hoisted  for  the  building  of  the  highest  engine  or  other  stalkl.  An  expert 
bricklayer  with  a  handy  labourer,  can  in  this  way  raise,  in  a  few  weeks,  a  considerable 
chimney,  40  feet  high,  5  feet  8  inches  square  outside,  2  feet  8  inches  inside  at  the  base, 
28  inches  outside,  and  20  inches  inside  at  the  top.  To  facilitate  the  erection,  and  at 
he  same  time  mcrease  the  solidity  of  an  insulated  stalk  of  this  kind,  it  is  built  with 
three  or  more  successive  plmths,  or  recedures,  as  shown  in  fg.  450.  It  is  necessary  to 
make  such  chimneys  thick  and  substantial  near  the  base,  in  order  that  they  may  sus- 
tain the  first  violence  of  the  fire,  and  prevent  the  sudden  dissipation  of  the  heat.  When 
ZZ^  <■  "■'1       one  chimney  stalk,  the  area  of  the  latter  should  be  nearly 

equal  to  the  sum  of  the  areas  of  the  former,  or  at  least  of  as  many  of  them  as  shall  be 
going  simultaneously.    When  the  products  of  combustion  from  any  fui^ace  mus  be 

zfrofJ^^n^j^''^    *°      '""^    °f     stalk  tb";  will 

not  flow  off  until  the  lowest  part  of  the  channel  be  heated  by  burning  some  wood 
shavings  or  straw  m  it,  whereby  the  air  siphon  is  set  agoing.  Immediately  Xr 
kmdling  this  transient  fire  at  that  spot,  the  orifice  must  be  shut  by  which  i  was  intro- 
duced ;  otherwise  the  draught  of  the  furnace  would  be  seriously^mpeded  But  h's 
precaution  ,s  seldom  necessary  in  great  factories,  where  a  cerfain  degree  of  heaf  s 
a  ways  maintained  in  the  flues,  or,  at  least,  should  b^  preserved,  by  shutting  the  da^^er 
plate  of  each  separate  flue,  whenever  its  own  furnace  ceases  to  act     Su!h  chimney^ 

need  to  be  immeSlv  auadrunl^H  fn  ^  i  '  .f  T^"y  introduced,  the  faculty  would 
aches,  sickness.TrvoL^  anren  s  Ind  nl^  demand  for  medical  advice ,  forhead- 
of  every  inhabited  mansion  tL  . if.  ^  ''^''^7?"''^  ^^""""^  '^ODStant  inmates 
be  daily^ealised':^  hTmramoiig  hot  w^ ITnturfd^f  °'  ^^-=''PP°  then 
donated  apartments  ;  only,  instead  of  a  n,7nnv  V      f"^  "P""         '°  «"<=li  car- 

The  eh,™.,.  „„  ,„i,„^  '/s^rpLt;  trefc'Srs^ts^ 
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«xecuted  by  William  Cubitt,  Esq.,  of  Gray's  lun  Road, — and  do  equal  honour  to  both 
gentlemen,  being  probably  among  the  most  elegant  and  substantial  specimens  of  this 
style  of  architecture  in  the  world.    In  the  section,^.  450, 


451 


454 


450 


462 


A  represents  a  bed  of  concrete,  6  feet  thick,  and  24  feet  square. 
B,  brick  footings  set  in  cement;  the  lower  course  19  feet  square. _ 
c,  Bramley-fall  stone  base,  with  a  chain  of  wrought  iron  let  into  it. 
D,  a  portion,  15  feet  high,  curved  to  a  radius  of  113  feet,  built  entirely  of  Malm 
paviours  (a  peculiarly  good  kind  of  bricks). 
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E,  sbaft  built  of  Malm  paviours  in  mortar. 

r,  ditto,  built  from  the  inside,  without  exterior  scaffolding. 

G,  the  cap,  ornamented  (as  shown  in  the  plan  alongside)  with  Portland  stone,  the 
dressings  being  tied  together  with  copper  cramps  and  an  iron  bond. 
Fig.  451  represents  the  mouldings  of  the  top,  upon  an  enlarged  scale. 
Fig.  452,  a  plan  of  the  foundation,  upon  an  enlarged  scale. 
Fig.  453,  ditto,  at  the  level  of  the  entrance  of  the  flue  as  seen  in 
Fig.  454,  the  elevation  of  the  chimney. 
Fig.  455,  plan  at  the  ground  level  i,  in  figs.  450  and  454. 
K,  fig.  450,  the  lightning  conducting  rod. 

CHINA  CLAY.  Kaolin,  or  Poucelain  Clay,  which  see.  A  fine  white  clay- 
produced  by  the  decomposition  of  the  felspar  of  the  granite  rocks.  It  is  found  and 
prepared  in  this  country  in  Cornwall  and  Devonshire. 

CHINA  INK.  (Enrre  de  Chine,  Fr. ;  Chinesischer  Tusch,  Germ.)  It  is  said  that 
the  true  China  ink  is  made  from  the  condensed  smoke  or  soot  of  burned  camphor ; 
and  hence,  when  of  the  best  quality,  it  has  this  odour. 

Most  of  the  China  ink  is  made  from  oil  lampblack,  disguised  as  to  smell  with 
musk,  or  with  a  little  camphor-black.  The  binding  substance  is  gelatine,  commonly 
made  from  parchment ;  but  isinglass  answers  equally  well.  A  good  imitation  may 
be  made  by  dissolving  isinglass  in  warm  water,  with  the  addition  of  a  very  little 
alkali  to  destroy  the  gelatinising  power,  and  incorporating  with  that  solution,  by 
levigation  on  a  porphyry  slab,  as  much  of  the  finest  lampblack  as  to  produce  a  mass 
of  the  proper  consistence.  The  minute  quantity  of  alkali  serves  also  to  saponify  the 
oil  which  usually  adheres  to  lampblack,  and  thereby  to  make  a  pigment  miscible  with 
water. 

CHINA  STONE.  A  semi -decomposed  granite,  {Peluntze)  which  has  nearly  the 
same  composition  as  the  China  clay  (see  Porcelain  Clay).  "  Indeed,  the  China 
clay  can  be  considered  as  little  more  than,  this  granite  in  a  more  advanced  state  of 
decomposition." — De  la  Beche. 

The  China  stone  is  a  kind  of  granite,  the  felspar  of  which  has  undergone  a 
partial  decomposition.  It  is  carefully  selected  so  as  to  be  entirely  free  of  schorl  and 
requires  no  other  preparation  for  the  market  than  to  be  broken  into  a  size  convenient 
for  carriage.  This  granite  is  of  a  peculiar  nature  ;  it  does  not  contain  any  mica,  but 
numerous  glossy  scales  of  greenish-yellow  talc.  It  has  been  stated  by  some  authors 
that  this  rock  {Pegmatite,  or  Graphic  granite),  after  exposure  to  the  decomposing 
action  of  the  weather,  is  the  chief  source  "  of  the  China  stone  and  clay  This  renre- 
sents  but  very  imperfectly  — indeed,  incorrectly —  the  conditions.  Thedecomposition 
ot  the  granite  is  not  brought  about  by  the  action  of  the  weather,  but  by  some  neculiar 
decomposition  proceeding  to  a  considerable  depth  through  the  whole  mass.  In  manv 
places,  from  the  very  surface  to  the  depth  of  more  than  100  feet,  this  decomposition 
IS  equally  apparent;  and  possibly  it  extends  to  much  greater  depths  in  some  places 
The  same  stone  exposed  to  the  air  does  not,  in  any  ordinary  time,  exhibit  any  signs 
of  disintegration.  No  satisfactory  explanation  has  yet  been  offered  of  the  conditions 
under  which  granite  is  decomposed  to  produce  the  Kaolin  and  the  China  stone 

1  here  was  an  agreement  existing  amongst  the  producers  of  China  stone  to  send  off 

18  oon  Ln^^  T  ''  ^^"^^^"^  been  extended  to 

18,000  tons  and  sometimes  even  more.    The  value  of  the  China  stone  at  the  works 

shire  "oneils.."'""^  ""^"^^  '""'"'^  '°  Stafford! 

CHINOLINE.    C;«H7N.    A  volatile  base,  found  in  coal  naphtha,  and  also  ac 

CHINTZ.    (Zitz,  Germ.)    Probably  derived  from  the  Ea<!t  tliP  Tt;,,^„„ 
cheent,  and  the  Persian  chinJ,  signify ing^potted  or  sTai^ed:    The  Jerm  L  apnlieH 
this  country  to  a  fast-printed  calico,  in  which  several  colours  are  Sinted  unon  « 
white  or  coloured  ground,  and  usually  glazed  imprinted  upon  a 

.  CHLORATE  OF  POTASH,  formerly  called  oxymuriate  of  potash    This  interp^t 
ing  salme  compound  has  become  the  object  of  a  pretty  extensivt^.inf  'f*^'^^*.*- 
consequencc  of  its  application  to  make  matches  for  pSng  ins  rntaneou^^^^^ 
a  d^etonating  powder  for  fire  arms.    It  may  be  prepared  boTfiTe'humiifnd  Z 

2  S77nT:t:tT:!;tsTZ^^^^  -^°-te  of  potash,  with  from 

rine  gaj,  till  it  ceases  to'  a'bs'rb  In^mo  e    ChSfof  p'o'tKn^chrr  f 
Slum  alone  are  formed  as  long  as  there  is  an  p4ppL       ii  i-  "    <f  lo"de  of  potas- 
afterwards  in  the  further  reacdL  of  the  Ute^^^  ''Y'  '°  '^f  '"'"''"^  = 

a  chlorate,  and,  as  such,  precipitateV  wtrs'l\t!''Sln^g^r  S  K/SY 
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operation,  that  is,  till  the  potash  is  about  one  half  saturated  with  chlorine,  as  indicated 
by  litmus  paper  ceasing  to  be  darkened  and  beginning,  to  be  blanched,  only  the  chloride 
of  potassium  or  muriate  of  potash  falls.  The  process  should  be  interrupted  at  this 
point  in  order  to  remove  the  salt,  to  wash  it,  to  add  the  washings  to  the  liquor,  and 
then  to  transmit  the  gas  freely  through  the  solution.  As  the  operation  advances,  less 
muriate  of  potash  is  formed,  and  at  length  nothing  but  the  pure  chlorate  is  separated 
in  crystals.  When  finally  the  bubbles  of  gas  pass  through  without  being  sensibly 
absorbed,  the  process  is  known  to  be  completed ;  the  liquid  may  then  be  allowed  to 
settle,  and  be  poured  off  from  the  crystals  of  chlorate  of  potash,  which  are  purified 
from  the  muriate  by  dissolving  them  in  three  times  their  weight  of  boiling  water,  and 
filtering  the  solution  while  hot.  On  its  cooling,  the  chlorate  will  separate  in  pearly- 
crystalline  plates.  It  may  be  rendered  quite  pure  by  a  second  crystallisation,  in  which 
state  it  does  not  affect  solution  of  nitrate  of  silver. 

The  above  potash  ley  usually  gets  a  reddish  tint  in  the  course  of  the  process  in  con- 
sequence of  a  little  manganesic  acid  coming  over  with  the  chlorine,  but  it  gradually 
loses  this  colour  as  the  saturation  becomes  complete,  and  then  the  solution  turns  yellow. 
The  tubes  for  conveying  the  gas  should  be  of  large  diameter,  if  they  be  plunged  into  the 
saline  solution,  because  the  crystallisation  which  takes  place  in  it  is  apt  to  choke  them 
up.  This  inconvenience  may,  however,  be  obviated  by  attaching  to  the  end  of  the 
glass  tube,  a  tube  of  caoutchouc  terminated  in  a  small  glass  funnel,  or  simply  the  neck 
of  a  caout;chouc  bottle  with  a  part  of  its  body,  whose  width  will  not  be  readily  closed 
with  a  saline  crust.  The  residuary  lixivium  may  be  used  in  another  operation,  or  it 
may  be  evaporated  down  to  half  its  bulk  and  set  aside  to  crystallise,  whereby  some 
more  chlorate  will  be  obtained,  mixed  indeed  with  muriate  and  carbonate,  from  which, 
however,  it  may  be  separated  by  a  second  crystallisation.  In  general  the  pure  chlorate 
obtained  does  not  exceed  the  weight  of  the  potash  employed ;  because  in  thus  treating 
potash  with  chlorine,  §  of  it  are  converted  into  muriate  of  potash  and  only  |  into  chlorate, 
and  a  part  of  the  latter  adheres  to  the  muriate,  or  is  lost  in  the  mother  waters  of  the 
crystallisations. 

The  chlorate  of  potash  may  be  more  conveniently  manufactured,  like  that  of  lime, 
in  the  dry  way.  St.  Romer  patented  at  Vienna  the  following  method  for  that  purpose 
in  1821 : — Ten  pounds  of  crystallised  peroxide  of  manganese  are  to  be  finely  pulverised, 
mixed  with  10  pounds  of  plumbago,  and  30  pounds  of  common  salt,  and  put  into  the 
leaden  retort  represented  in  fig.  456,  p.  667.  From  the  middle  of  the  helmet-shaped 
lid  of  this  vessel,  a  lead  tube,  2  feet  long,  and  2  inches  wide,  conducts  to  the  receiver, 
which  is  a  square  earthen  pan,  hard  glazed  both  within  and  without,  of  the  same 
capacity  with  the  retort.  The  end  of  the  tube  must  be  made  fast  to  a  frame  at  the 
height  of  6  inches  above  the  bottom  of  the  receiver.  Upon  its  inner  side,  4  inches 
apart,  brackets  are  to  be  fixed  for  supporting  a  series  of  laths  or  shelves  of  white  wood, 
on  which  a  number  of  little  paper  or  paste-board  boxes  are  to  be  laid.  In  these  boxes 
10  pounds  of  the  purest  carbonate  of  potash,  prepared  from  tartar,  are  to  be  spread. 
The  receiver  must  now  be  covered  with  a  lid  made  tight  by  a  water  lute.  Twenty 
pounds  of  concentrated  sulphuric  acid,  previourly  diluted  with  1 6  pounds  of  water,  and 
then  cooled,  are  to  be  poured  upon  the  mixed  materials  in  the  retort,  the  lid  imme- 
diately secured,  with  the  tube  adjusted  in  the  receiver.  The  whole  must  be  allowed  to 
operate  spontaneously  without  heat  for  12  hours.  At  the  end  of  this  time  the  retort 
is  to  be  surrounded  with  a  water  bath  and  steadily  heated  during  12  hours,  and  then 
left  to  cool  for  6  hours.  The  apparatus  must  now  be  opened,  the  cakes  of  chlorate  of 
potash  removed,  aud  freed  from  muriate  by  solution  and  crystallisation. 

M.  Liebig  proposes  the  following  process  for  obtaining  chlorate  of  potash  :  — 
Heat  chloride  of  lime  in  water  till  it  ceases  to  destroy  vegetable  colours.  In  this 
case  a  mixture  of  chloride  of  calcium  and  chlorate  of  potash  is  obtained.  This  is  to  be 
dissolved  in  hot  water,  and  to  the  solution  concentrated  by  evaporation,  chloride  of 
potassium  is  to  be  added,  and  then  suflered  to  cool.  After  cooling,  a  quantity  of 
crystals  of  chlorate  of  potash  is  obtained,  which  are  to  be  redissolved  and  crystallised 
again  to  purify  them.  M.  Liebig  considers  that  this  will  be  a  cheap  process  for 
obtaining  chlorate  of  potash.  From  12  ounces  of  chloride  of  lime,  of  so  bad  a  qual- 
ity that  it  left  65  per  cent,  of  insoluble  matter,  he  obtained  an  ounce  of  chlorate  of 
potash. 

The  only  difSculty  to  overcome  in  this  process  is,  from  the  chloride  of  lime  not  being 
so  easily  decomposed  by  heat  as  is  generally  supposed ;  a  solution  of  it  may  be  kept 
boiling  for  an  hour  without  losing  its  bleaching  power.  The  best  method  is  to  form  a 
thin  paste  with  chloride  of  lime  and  water,  and  then  to  evaporate  it  to  dryness.  If  it  be 
required  to  prepare  it  by  passing  chlorine  into  cream  of  lime,  it  is  advantageous  to  keep 
it  very  hot. 

The  chlorate  of  potash  which  separates  from  the  solution  by  crystallisation  has  not 
the  form  of  scales  which  it  usually  possesses,  but  is  prismatic :  whether  tins  is  occasioned 
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by  some  admixture  has  not  been  ascertained ;  but  on  recrystallising,  it  is  obtained  iu 
the  usual  form. 

The  solution  ought  not  merely  to  be  left  to  cool,  in  order  to  procure  crystals,  tor  the 
crystallisation  is  far  from  being  terminated  even  after  complete  cooling ;  crystals  con- 
tinue to  be  deposited  for  3  or  4  days. 

The  following  modification  of  the  process  for  making  chlorate  of  potash  is  that  of 
M.  Vee.  A  solution  of  chloride  of  lime  marking  18°  or  20°  Baumo  is  to  be  set  upon 
the  fire  in  a  lead  or  cast  iron  pot,  and  when  it  begins  to  get  hot,  there  is  to  be  dissolved 
in  it  a  quantity  of  chloride  of  potassium  sufficient  to  raise  the  hydrometer  3°  or  4°. 
It  must  be  then  concentrated  as  quickly  as  possible  till  it  marks  30°  or  3 1°,  taking  care 
that  it  does  not  boil  over  by  the  sudden  extrication  of  oxygen.  The  concentrated 
liquor  is  set  aside  to  crystallise  in  a  cool  place,  when  a  deposit  of  chlorate  of  potash 
forms,  mixed  with  chloride  of  potassium.  The  mother  waters  being  evaporated  to 
the  density  of  36°,  alFord  another  crop  of  crystals,  after  which  they  may  be  thrown 
away. 

The  salts  obtained  at  the  first  crystallisation  are  to  be  redissolved,  and  the  solution 
being  brought  to  15°  or  16°  is  to  be  filtered,  when  it  will  afford  upon  cooling  pure 
chlorate  of  potash. 

The  following  ingenious  and  easy  way  of  making  this  valuable  chlorate  was 
suggested  by  Professor  Graham :  —  Mix  equal  atomic  weights  of  carbonate  of  potash 
and  hydrate  of  lime  (70  of  the  former,  if  pure,  and  37  of  slaked  lime  in  powder), 
diffuse  them  through  cold  water,  and  transmit  chlorine  gas  through  the  mixture.  The 
gas  is  absorbed  with  great  avidity,  and  the  production  of  a  boiling  heat.  When  the 
saturation  is  complete,  carbonate  of  lime  remains,  and  a  mixture  of  muriate  and  chlorate 
of  potash,  which  latter  salts  are  to  be  separated,  as  usual,  by  the  difference  of  their 
solubility  in  water. 

It  has  been  remarked  on  the  above  process,  that  it  effects  no  saving  of  potassa,  and 
therefore  is  far  inferior  to  the  one  long  practised  in  several  parts  of  Germany,  especially 
at  Giessen,  and  introduced  into  this  country  a  good  many  years  ago  by  Dr.  Wagen- 
mann,  from  Berlin.  The  chlorine  is  passed  into  a  mixture  of  one  equivalent  of  chlo- 
ride of  potassium  (76),  and  6  equivalents  of  hydrate  of  lime  (222),  previously  stirred 
with  water,  to  the  consistence  of  a  thin  paste.  Thus  the  calcium  of  the  lime  unites 
with  the  chlorine  to  form  chloride  of  calcium,  while  the  chloride  of  potassium  is  con- 
verted into  chlorate  of  potassa,  which  salt  is  easily  separated  in  crystals  by  its  sparing 
solubility,  which  remains  unfrozen  even  at  the  cold  of  220°  F. 

Chlorate  of  potash  may  also  be  made  by  saturating  with  chlorine  a  mixture  of  74 
parts  of  chloride  of  potassium  (muriate  of  potash)  and  168  parts  of  quicklime,  brought 
to  the  consistency  of  a  thin  pap  by  the  cautious  addition  of  water.  The  mass  being 
dissolved  in  warm  water,  and  evaporated  and  cooled,  yields  crystals  of  chlorate  of 
potash,  while  a  mother  water  of  chloride  of  calcium  (muriate  of  lime)  remains.  The 
following  process  has  likewise  been  prescribed  :  —  Mix  10  parts  of  good  chloride  of 
lime  and  water  into  a  pap,  and  evaporate  to  dryness,  whereby  it  is  converted  into  a 
mixture  of  chloride  of  calcium  and  chlorate  of  lime  devoid  of  bleaching  power ;  dissolve 
it  in  water,  filter,  concentrate  the  solution  by  evaporation,  then  add  to  it  1  part  of 
chloride  of  potassium,  and  cool  for  crystallisation.  The  salt  which  may  thereby  be 
separated  from  the  chloride  of  calcium  will  afford  0-83  of  pure  chlorate  of  potash.  By 
this  process  of  Professor  Liebig  g  of  the  potash  are  saved,  but  much  oxygen  is  wasted 
m  the  evaporation  to  dryness  of  the  chloride  of  lime  ;  and  consequently,  much  chloric 
acid  is  lost  towards  the  production  of  the  salt.  Vee  mixes  the  chloride  of  lime  pap 
before  heating  it,  with  the  chloride  of  potassium,  boils  the  mixture  smartly,  whereby 
much  oxygen  is  undoubtedly  thrown  off,  and  then  sets  the  liquor  aside  to  crystallise 
L.  Gmelin  suggests  that  saturation  of  the  liquor  with  chlorine  before  boiling  might  be 
advantageous.  Gay-Lussac  has  suggested  to  make  this  valuable  salt  by  precipitatinff 
a.  solution  of  chloride  of  lime  with  carbonate  (or  sulphate)  of  potash,  saturating  the 
liquor  after  filtration  with  chlorine  gas,  evaporating,  and  crystallising.* 

Professor  Juch's  process  is  to  pass  chlorine  gas  into  a  mixture  of  1  pound  caustic 
lime  and  1  pound  carbonate  of  potash,  with  8  pounds  of  water.  The  resulting  chloride 
of  potash  readily  separates  in  the  filtered  liquid  by  crystallisation  from  the  ve?v  soluble 
ch  or.de  of  calcium.  By  this  method  potash  is  not  wasted  in  the  useless  production  of 
chloride  of  potassium.   Chlorate,  the  old  oxymuriate  of  potash,  has  a  cooling,  somewhat 

ri'.vff.f  ;r   T°"'.        '    ^?-''  '^"^  parts  of  wa  er  dissdve 

_6  parts  of  the  salt,  and  at  Us  boiling  point,  or  220°,  60  parts.  When  heated  to  dull 
Ignition  m  a  glass  retort,  it  gives  out  39  15  per  cent,  of  its  weight  of  oxygen;  and  be- 
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comes  thereby  chlorate  of  potassium.   Wlien  strongly  triturated  in  a  mortar  it  cranH»c 
throws  out  sparks,  and  becomes  luminous.    It  dclLral.s  upon  rerhoroinder^^^^^^^^ 
nure:  when  tnturated  along  w.th  sulphur  or  phosphof us.  it  detonates  w  th  gS  it 
lence,  not  without  danger  to  the  hands  of  the  operator,  if  thev  be  not  nro  ,7i! 
thick  glove.  Similar  detonations  may  be  produced' with  c'innabai'^^r  v  "rmi  ion  sS^ 
of  potassium,  volatile  oils,  sugar  &c  ,  but  they  can  he  effected  only  by  the  smart  £  of 
a  heated  Immmer  and  anvil.    A  mixture  of  sugar  or  starch  with  chlorate  of  potashes 
readily  inflamed  by  a  drop  of  sulphuric  acid,  and  this  experiment  is  the  basfs  of  the 
pi^paration  of  he  oxygenated  matches,  as  they  have  been  commonly  called  The 
following  formula  torms  a  good  paste  for  tipping  the  said  matches  made  of  narrow  slins 
of  either  wood  or  card: -60  parts  of  chlorate  of  potash,  14  parts  of  sulphur  14  pms 
gum  ben.o  n  a  small  quantity  of  gum  tragacanth  and  cinnabar ;  or  30  parts  of  chlorate 
ot  potash,  10  parts  ot  sulphur,  8  parts  of  sugar,  5  parts  of  gum  arabfc  and  a  e 
cinnabar     The  sulphur  must  be  welted,  or  great  danger  will  be  incurred Tn  mix inl 
To  kmdle  the  match  it  must  be  touched  with  strong  sidphuric  acid,  which  for  Z  nu?: 
pose  IS  usually  kept  m  a  small-well  stoppered  phial,  and  thicken'ed  wi  h  amia„Tus 
The  lucifer  matches  now  universally  employed  for  procuring  a  light,  are  generally 
the  wooden  sulphur  match,  coated  with  a  paste  containing  phosphorus,  whifh  when 
dry,  will  Ignite  by  fnction.   To  prepare  the  paste,  phosphorus  is  melted  with  a  certain 
TXulf  ;^ater  at  120°  the  requ  site  proportion  of  nitrate,  with  a  small  propor  fon 
of  chlorate  of  potash  is  dissolved  in  this  water,  a  small  quantity  of  binoxide  of  man- 
ganese or  red  lead  added,  and  the  liquid  thickened  with  gum  ;  the  whole  is  well  tritur- 
ated together  in  a  mortar  tiU  the  globules  of  phosphorus  cease  to  be  visible  to  the  eve 
and  the  mass  is  coloured  with  prussian  blue  or  with  minium.   The  points  of  the  matches 
are  dipped  into  this  paste,  and  then  cautiously  dried  in  a  stove.    The  use  of  ihe  eum 
is  to  serve  as  a  varnish  to  protect  the  phosphorus  from  oxidation  by  the  air  The 
mixture  for  percussion  powder  for  guns  may  be  54  parts  of  chlorate  of  potash  21 
parts  of  nitre,  18  parts  of  sulphur,  7  parts  of  lycopodium  ;  or  100  parts  of  chlorate  of 
potash,  55  parts  of  nitre,  33  parts  of  sulphur,  17  parts  of  sifted  touch  wood  and  17 
parts  of  lycopodium  ;  or  20  parts  of  gunpowder,  freed  from  nitre  by  means  of  water 
and  then  mixed  with  11  parts  of  chlorate  of  potash  and  water  to  the  consistence  of 
a  thin  paste.    This  powder  when  dry  is  dangerous  to  handle,  being  very  apt  to  explode 
But  this  danger  is  guarded  against,  by  letting  fall  a  drop  of  the  paste  mto  each  percus- 
sion cap,  and  leaving  it  to  dry  there.    In  tlie  detonation  of  this  powder  chlorine 
is  generated,  which  rusts  the  metal  very  fast.    For  this  reason  fulminate  of  mercury 
IS  preferred  by  many  sportsmen  as  a  detonating  powder.    Gunpowder  prepared  with 
chlorate  of  potash  and  charcoal  acts  too  violently,  and  inflames  too  easily.  H.  M.  N. 

CHLORATES.    Compounds  of  chloric  acid  with  salifiable  bases. 

CHLOEIC  ACID.  The  acid  constituent  of  the  preceding  salts.  It  consists  of 
one  equivalent  of  chlorine  =35-5,  and  five  of  oxygen  =40,  the  sum  of  which  (75'5) 
is  the  equivalent  of  the  acid.  This  acid,  which  is  only  known  in  combination  with 
one  equivalent  of  water,  is  exceedingly  unstable,  being  instantly  decomposed  by  contact 
with  organic  matter  ;  undergoing  gradual  spontaneous  decomposition  in  diffused  day- 
light, and  being  instantly  decomposed,  at  a  temperature  of  a  little  above  100°  F.,  into 
chlorine,  oxygen,  and  perchloric  acid,  the  two  former  escaping  as  gases.  It  is  pre- 
pared by  decomposing  chlorate  of  potash  by  the  addition  of  hydrofluosilicic  acid, 
■which  forms  with  potash  an  insoluble  compound. 

CHLORINE,  one  of  the  most  energetic  of  the  undecomposed  substances,  exists, 
under  ordinary  circumstances,  as  a  greenish-yellow  gas  ;  but,  when  exposed  to  a  pres- 
sure of  4  atmospheres,  it  becomes  a  transparent  liquid,  which  remains  unfrozen  even  at 
the  cold  of — 220°  F.  In  the  first  state,  its  density,  compared  to  air,  (reckoned  I'OOO,) 
is  2-47  ;  in  the  second,  its  density,  compared  to  water,  (1-000,)  is  1-33.  It  is  obtained 
either  by  the  action  of  sulphm'ic  acid  on  a  mixture  of  common  salt  and  binoxide  of 
manganese,  or  by  the  action  of  moderately  strong  hydrochloric  acid  on  binoxide  of 
manganese  alone!  In  the  first  case,  the  proportions  are  7  parts  by  weight  of  oil  of 
vitriol,  previously  diluted  with  7  parts  of  water  and  4  parts  of  common  s-alt,  intimately 
mixed  with  3  parts  of  binoxide  of  manganese ;  in  the  latter,  which  is  the  most  con- 
venient method,  hydrochloric  acid,  specific  gravity  I'l  5,  is  gently  heated  with  the  finely 
powdered  binoxide,  in  the  proportions  of  about  3  oz.  of  oxide  to  half  a  pint  of  acid. 
The  hydrochloric  acid  should  not  be  more  diluted  than  above  indicated,  otherwise 
an  explosion  may  occur,  probably  in  consequence  of  the  formation  of  one  of  the 
explosive  oxides  of  chlorine.  The  gas  must  be  collected  either  over  brine  or  over 
■warm  water. 

Chlorine  has  a  peculiar  smell,  and  irritates  the  nostrils  most  violently  when  iuhaled, 
as  also  the  windpipe  and  lungs.  It  is  eminently  noxious  to  animal  life,  and  if 
breathed  in  its  undiluted  state,  would  prove  instantly  fatal.  It  supports  the  combus- 
tion of  many  bodies,  and  indeed  spoutaucously  burns  several  without  their  being  pre- 
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viously  kladled.    The  resulting  cotnl)inations  are  called  chlorides,  and  act  most 
inortnnt  narfs  in  manv  mannfafiturintr  nrnc.pssps. 


important  parts  in  many  manufacturing  processes. 

Water  absorbs,  at  tlie  ordinary  temperature  of  the  atmosphere,  about  double  its 
volume  of  chlorine,  and  acquires  the  colour,  taste,  and  smell  of  the  gas,  as  well  as  its 
power  of  destroying  or  bleaching  vegetable  colours.  When  this  aqueous  chlorine  is 
cooled  down  to  36°  F.,  dark-yellow  crystalline  plates  appear  in  it  of  the  hydrate  of 
chlorine,  which  are  composed  in  100  parts  of  27'7  chlorine,  and  72'3  water.  If  these 
crystals  be  heated  to  about  4.5°,  they  liquefy,  and  the  gas  flies  off. 

Chlorine  has  a  powerful  affinity  for  hydrogen,  not  only  combining  with  it  rapidly 
in  the  gaseous  state,  but  seizing  it  in  many  of  its  liquid  and  solid  combinations  :  as  in 
certain  volatile  hydrocarbons,  which  it  inflames  ;  and  in  yellow  wax,  cotton,  and  flax, 
which  it  whitens.  The  compound  of  chlorine  and  hydrogen  gases  is  hydrochloric  or 
muriatic  acid  gas.  Binoxide  of  manganese,  when  mixed  with  liquid  hydrochloric  acid, 
as  in  the  above  process,  abstracts  the  hydrogen  and  eliminates  the  chlorine.  When 
chlorine  is  passed  into  water,  it  decomposes  some  of  it,  seizes  its  hydrogen  to  form  a 
little  hydrochloric  acid,  and  enables  its  oxygen  to  unite,  either  with  the  chlorine  into 
chlorous  acid,  or  with  the  remaining  water,  and  to  constitute  oxygenated  water. 
Hence  aqueous  chlorine,  exposed  to  the  sunbeam,  continually  evolves  oxygen,  and  ere 
long  becomes  hydrochloric  acid. 

This  wjtery  compound  acts  in  a  powerful  way  upon  coloured  vegetable  fibres, 
extracting  their  hydrogen  or  colouring  element  by  the  twofold  affinities  of  the  chlorine 
and  oxygen  for  it.  Hence  chlorine,  as  a  bleaching  agent,  requires  to  be  tempered  by 
the  quiescent  affinity  of  some  alkaline  base — potash,  soda,  or  lime.  Malaria,  or  mor- 
bific and  putrescent  miasmata,  consist  chiefly  of  hydrogenous  matter  as  their  bases, 
and  are  best  counteracted  by  chlorine,  where  it  can  be  conveniently  applied.  In 
fumigating  the  MiUbank  Penitentiary,  Mr.  Faraday  found  that  a  mixture  of  1  part  of 
common  salt  and  1  part  of  binoxide  of  manganese,  when  acted  upon  by  two  parts  of 
oil  of  vitriol  previously  mixed  with  one  part  of  water  (all  by  weight),  and  left  till 
cold,  produced  the  best  results.  Such  a  mixture  at  60°,  in  shallow  pans  of  red 
earthenware,  liberated  its  chlorine  gradually,  but  perfectly,  in  four  days.  The  <;alt 
and  manganese  were  well  mixed,  and  used  in  charges  of  3^  pounds  of  the  mixture 
The  acid  and  water  were  mixed  in  a  wooden  tub,  the  water  bein^  put  in  first,  and 
then  about  half  the  acid  ;  after  cooling,  the  other  half  was  added.  The  proportions  of 
water  and  acid  were  9  measures  of  the  former  to  10  of  the  iMer.—Maoazine  of 
cicience. — H.  M  N.  a  j 

CHLORIDES  OF  POTASH,  SODA,  AND  LIME.  These  are  the  most  impor- 
tant preparations  through  which  chlorine  exerts  its  peculiar  powers  upon  the  objects 
of  manufacture.  When  a  weak  solution  of  caustic  potash  or  soda  is  saturated  with 
chlorine,  it  affords  a  bleaching  liquor,  still  used  by  some  bleachers  and  calico-printers 
tor  delicate  processes  ;  but  the  price  of  the  alkalies  has  led  to  the  disuse  of  these 
chlorides  as  a  general  means,  and  has  occasioned  an  extensive  employment  of  chloride 
•    ,Ta      a'-  .^^as  first  employed  in  the  liquid  form  as  a  bleaching  agent 

in  1 ,  98  and  in  the  following  year  the  idea  suggested  itself  to  Mr.  Charles  Macintosh 

hIv  =t  ^  "'h  ^'iT^"  ^""^  Knox,  to  impregnate  quicklime  in  a 

i^v,  J''^  chlorine,  and  a  patent  was  taken  out  accordingly?  The  discovery  of 
the  bleaching  property  of  chlorine  is  due  to  Berthollet,  who  announced  the  fact  to  the 
Academy  of  Sciences  in  1785.  In  the  following  year,  the  new  method  of  bleaching 
was  introduced  into  Great  Britain  by  Mr.  Watt.  In  1788,  Mr.  Thomas  Henry  of 
Manchester  exhibited  calico  bleached  by  chlorine,  without  having  any  knowledge  of 
the  previous  experiments  of  Watt;  and  in  the  following  year  a  detailed  method  of  the 
process  was  pubhshed  by  Berthollet.  To  give  some  idea  of  the  rapidity  wi°h  wh S 
th  s  subiVct  7:tTi  '^i-Foved  modern  processes,  the  write?  of  die  article  oj 
this  subject  m  the  EncjcIopcBdia  Britannica  quotes  the  following  illustration  A 
bleacher  ,n  Lancashire  received  1400  pieces  of  grey  muslin  on  a  T^iesry,  whTch  on 
tie  di  trnt'ofrS.'^  H 'lr'°^  ^''^  r^i^rU^lM  to  the  manu'^ieJs  at 
foreign  market  "  '^'^         ^""^^^       ^""^  that  very  day  to  a 

co^Enaa^;^-^— -^^^ 

window  on  each  side  enables  the  operator  to   udL  how  fh   ■         ^  '''''^  ^ 
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this  principle  to  he  made  in  the  roof,  and  two  tnnnels  of  considerable  width  at  the  bottom 
of  each  side  wall,  'i'liu  three  covers  could  be  siniuitaneously  lifted  off  by  cords  passing 
over  a  pulley,  without  the  necessity  of  the  workniaiwapproaching  the  deleterious  gas, 
■when  the  apartment  is  to  be  opened.  A  great  number  of  wooden  shelves,  or  rather 
trays,  8  or  10  feet  long,  2  feet  broad,  and  1  inch  deep,  are  provided  to  receive  the  riddled 
slaked  lime,  containing  generally  about  2  atoms  of  lime  to  3  of  water.  These  shelves 
are  piled  one  over  another  in  the  chamber,  to  the  height  of  5  or  6  feet,  cross  bars  below 
each  keeping  them  about  an  inch  asunder,  that  the  gas  may  have  free  room  to  circulate 
over  the  surface  of  the  calcareous  hydrate. 

The  alembics  for  generating  the  chlorine,  which  are  usually  nearly  spherical,  are  in 
some  cases  made  entirely  of  lead,  in  others  of  2  hemispheres  joined  together  in  the 
middle,  the  upper  hemisphere  being  lead,  the  under  one  cast-iron.  The  first  kind  of 
alembic  is  enclosed  for  two-thirds  from  its  bottom  in  a  leaden  or  iron  case,  the  interval 
of  two  inches  between  the  two  being  destined  to  receive  steam  from  an  adjoining  boiler 
Those  which  consist  below  of  cast-iron  have  their  bottom  directly  exposed  to  a  very 
gentle  fire ;  round  the  outer  edge  of  the  iron  hemisphere  a  groove  is  cast,  into  which  the 
xmder  edge  of  the  leaden  hemisphere  fits,  the  joint  being  rendered  air-tight  by  Roman 
or  patent  cement.  In  this  leaden  dome  there  are  four  apertures,  each  secured  by  a 
■water-lute.  The  first  opening  is  about  10  or  12  inches  square,  and  is  shut  with  a  leaden 
valve,  with  incurvated  edges,  that  fit  into  the  water  channel  at  the  margin  of  the  hole. 
It  is  destined  for  the  admission  of  a  workman  to  rectify  any  derangement  in  the  appa- 
ratus of  rotation,  or  to  detach  hard  concretions  of  salt  from  the  bottom. 

The  second  aperture  is  in  the  centre  of  the  top.  Here  a  tube  of  lead  is  fixed,  which 
descends  nearly  to  the  bottom,  and  down  through  which  the  vertical  axis  passes.  To 
its  lower  end  the  cross  bars  of  iron,  or  of  wood,  sheathed  with  lead,  are  at  ached,  by 
whose  revolution  the  materials  receive  the  proper  agitation  for  mixing  the  dense  man- 
ganese with  the  sulphuric  acid  and  salt.  The  motion  is  communicated  either  by  the 
hand  of  a  workman  applied  from  time  to  tune  to  a  winch  at  top,  or  it  is  given  by  con- 
necting the  axis  with  wheel  work,  impelled  by  a  stream  of  water  or  a  steam-engine. 
The  third  opening  admits  tlie  siphon-formed  funnel,  through  which  the  sulphuric  acid 
is  introduced ;  and  the  fourth  is  the  orifice  of  the  eduction-pipe. 

Manufacturers  differ  much  from  each  other  in  the  proportion  of  their  materials  for 
generating  chlorine.  In  general,  10  cwt.  of  salt  are  mixed  with  from  10  to  I4cwt.  of 
manganese,  to  which  mixture,  after  its  introduction  into  the  alembic,  from  12  to  14  cwt. 
of  sulphuric  acid  are  added  in  successive  portions.  That  quantity  of  oil  of  vitriol  must, 
however,  be  previously  diluted  with  water,  till  its  specific  gravity  becomes  about  1-6. 
But,  indeed,  this  dilution  is  seldom  actually  made,  for  the  manufacturer  of  bleaching- 
powder  almost  always  prepares  his  own  sulphuric  acid  for  the  purpose,  and  therefore 
carries  its  concentration  no  higher  in  the  leaden  boilers  than  the  density  of  1-65,  which, 
from  Dr.  Ure's  table  of  sulphuric  acid,  indicates  ^th  of  its  weight  of  water,  and  there- 
fore ird  more  of  such  acid  must  be  used. 

The  fourth  aperture  admits  the  eduction  pipe.  This  pipe  is  afterwards  conveyed 
into  a  leaden  chest  or  cylinder,  in  which  all  the  other  eduction-pipes  also  terminate. 
They  are  connected  with  it  simply  by  water-lutes,  having  hydrostatic  pressure  of  2  or 
3  inches.  In  this  general  diversorium  the  chlorine  is  washed  from  adhering  muriatic 
acid,  by  passing  through  a  little  water,  in  which  each  tube  is  immersed,  and  from  this 
the  gas  is  let  off  by  a  pretty  large  leaden  tube,  into  the  combination  room.  It  usually 
enters  in  the  top  of  the  ceiling,  whence  it  diffuses  its  heavy  gas  equally  round. 

Four  days  are  required,  at  the  ordinary  rate  of  working,  for  making  good  marketable 
bleaching-powder.  A  more  rapid  formation  would  merely  endanger  an  elevation  of 
temperature,  productive  of  muriate  of  lime,  at  the  expense  of  the  bleaching  quality. 
But  skilful  manufacturers  use  here  an  alternating  process.  They  pile  up,  first  of  all, 
the  wooden  trays  only  in  alternate  shelves  in  each  column.  At  the  end  of  two  days 
the  distillation  is  intermitted,  and  the  chamber  is  laid  open.  Ate  two  hours  the  wo  k  - 
man  enters,  to  introduce  the  alternate  trays  covered  with  fresh  ^y-^'-  '^'f,"^,^"^* 
the  same  time  rakes  up  thoroughly  the  half-formed  chloride  in  the  others.  The  door 
hrsecu'ed  and  tlfe  chamb'er,lfter  being  filled  for  two  <l7^-"7^;,|;^l^tX,-: 
again  opened,  to  allow  the  first  set  of  trays  to  be  removed,  '"^"f  ^.^^'^P  ^^^^^^ 
contain  na-  fresh  hvdrate  as  before.  Thus  the  process  is  conducted  in  regular  altei  na- 
S :  Zf  ve"y  s  JperK^leaching-powder  i^ 

be  suffered  to  enter  in  a  pretty  uniform  stream.    But  for  ih  s  judicious  pLm,  as  the 
fiydraS  iances  in  imp'regnltion,  its  faculty  of '^^-^f  -^^^^Xie  Tlo  "i  bw 
would  be  requisite  to  diminish  proportionately  he        ^  "/'^^^^^^^^^^ 
the  excess  to  escape,  to  the  great  loss  of  the  proprietor,  and,  whatisof  moie  conscqmncc, 
to  the  great  detriment  of  the  health  of  the  workmen. 

.  A..cor.lin«  to  C.  H.  MSno  (Compter  Rendus,  Nov.  22  18«)  ehlorule  o^^ 
almost  pure,  and  instantaneously,  by  pouring  upon  slaked  hmo  water  saturateu 
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The  manufacturer  generally  reckons  on  obtaining  from  one  ton  of  rock-salt,  employed 
as  above,  a  ton  and  a  half  of  good  bleaching-powder.  But  the  following  analysis  of  the 
operation  will  show  that  he  ought  to  obtain  two  tons. 

When  a  mixture  of  sulphuric  acid,  common  salt,  and  black  oxide  of  manganese  are 
the  ingredients  used  by  the  manufacturer  of  bleaching-powder,  the  absolute  propor- 
tions are,  upon  the  hydrogen  scale  of  equivalents  :  — 

1  cq.  chloride  of  sodium 

1  eq.  binoxide  of  mangan( 

2  eq.  oil  of  vitriol 


and  the  products  ought  to  be;  — 

Chlorine  disengaged 
Sulphate  of  soda 
Sulphate  of  manganese  - 
Water 


- 

- 

-     58-5  - 

-  29-75 

•      98-0  - 

-      49  00 

200-0 

100-00 

1  eq. 

-  35-5 

-  17-75 

1  eq. 

-  71-0 

35-50 

1  eq. 

-      75-3  - 

-  37-75 

2  eq. 

18-0 

2-00 

200-0 

100-00 

These  proportions  are,  however,  very  different  from  those  employed  by  the  manu- 
facturers ;  and  they  ought  to  be  so,  on  account  of  the  impurity  of  their  oxide  of  man- 
ganese. Yet,  making  allowance  for  this,  many  of  them  commit  great  errors  in  the 
relative  quantities  of  their  materials. 

From  the  preceding  computation,  it  is  evident  that  1  ton  of  salt  with  I  ton  of  the 
above  native  oxide  of  manganese,  properly  treated,  would  yield  0-59  of  a  ton  of  chlorine, 
which  would  impregnate  1-41  tons  of  slaked  lime,  producing  2  tons  of  bleaching-powder, 
stronger  than  the  average  of  the  commercial  specimens;  or,  allowing  for  a  little  loss, 
lime  2  tons  of  ordinary  powder,  with  a  little  more  slaked 

Fiy.  456  represents  a  retort  of  lead,  well  adapted  to  the  evolution  of  chlorine  from 
tne  mixture  of  salt,  manganese,  and  sulphuric  acid,  or  from  manganese  and  muriatic  acid 

lUe  mtei-ior  vessel  is  cast  in  lead,  and  it  has  round  its  bottom  part  a  cast-iron  steam 

salt  and  manganese  are  introduced  by  the  aperture  c,  and  the  sulphuric 

rpn«  \       sipton  funnel  /    The  contact  of  these  three  substances  is  continually 

w^thTpn.1  ^    ■  fg'*''t°''      ^irrer  B,  which  consists  of  wrought  or  cast-iron  sheathed 

dischS'  nine  V    lh!>  t'''.^""^'  ^'P'"  .''esWuums  are  drawn  off  by  the  bottom 

aiscnaige  pipe  o.    The  heatmg  case  receives  its  ste^  by  the  pipe  h. 

456 


K 

D  D 

K 

K 

D  0 

D  P 

r 

0  0 

iloth  of  its  weight  of  common  salt.'  ''ydraie  of  lime  is  greatly  facilitated  by  mixing  it  with 
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engaged  from  four  retorts,  like  the  above.  The  bottom  of  it  is  covered  with  a  stratum 
three  or  four  inches  thick  of  quicklime,  newly  slaked^nd  sifted,  which  is  stirred  about 
from  time  to  time,  by  the  rakes  l  l  l  l.  When  the  saturation  is  suflicient,  the  chloride 
of  lime  is  taken  out  by  the  doors  K  k.  k  k.  The  size  of  this  apparatus  allows  2  cwt  of 
manganese,  and  its  equivalent  quantity  of  salt  and  sulphuric  acid,  or  of  nmriatic  acid 
to  be  introduced  at  once  into  the  retort,    d  is  the  handle  of  the  agitator.  ' 

The  same  form  of  retort  will  suit  perfectly  well  to  prepare  chlorine  for  making 
liquid  chloride  of  lime,  which  is  preferred  by  many  bleachers  and  calico-printers  who 
have  conveniences  for  preparing  it  themselves.  The  most  concentrated  solutions  of 
the  dry  chloride  of  lime  do  not  mark  more  than  6°  B.  (specific  gravity  1-04),  and  dis- 
colour only  50  volumes  of  Gay-Lussac's  solution  of  indigo,  whilst  the  chloride  made  in 
the  humid  way  marks  from  8°  to  9°  B.  (about  1  060),  and  discolours  80  volumes  of 
the  same  solution. 

In  the  chloride  of  lime  apparatus,  most  generally  used  by  the  skilful  calico-printers 
of  Miilhausen,  the  mixture  of  muriatic  acid  and  manganese  is  put  into  glass  globes, 
with  long  necks,  heated  upon  a  sand-bath.  The  chlorine  is  conveyed  by  glass  tubes 
into  a  cylindrical  stone  cistern,  containing  milk  of  lime.  The  furnace  of  the  sand- 
baths  is  made  of  cast-iron,  and  has  brick  partitions,  to  give  each  retort  its  own  fire. 
The  smoke  of  all  these  fires  goes  off  by  a  flue  into  sheet  iron  pipes.  The  cistern  is 
made  of  siliceous  sandstone.  Its  cover  is  of  wood,  coated  with  a  resinous  cement ;  and 
it  fits  at  its  edges  into  grooves  cut  in  the  stone.  A  wheel  serves  to  agitate  the  liquid 
continually  ;  its  paddles  being  kept  at  2  inches  distance  from  the  sides  of  the  cistern. 
The  milk  of  lime  is  introduced  by  a  funnel,  and  the  chloride  is  drawn  off  by  a  discharge 
pipe.  I  think  the  lead  retort  and  agitator  used  in  this  country  greatly  preferable  to 
the  experimental  laboratory  plan  described  above.  In  all  such  apparatus  we  should 
avoid  giving  any  pressure  to  the  tubes  or  vessels,  and  should  not  therefore  dip  the  ex- 
tremities of  the  gas  pipes  beneath  the  surface  of  the  liquid,  but  rather  facilitate  the 
combination  of  the  chlorine  and  the  lime,  by  enlarging  the  surfaces  of  contact  and 
by  agitating.  Intermediate  vessels  containing  water,  or  the  chemical  cascade  of  M 
Clement,  are  very  useful  for  absorbing  any  muriatic  acid  which  may  be  disengaged 
along  with  the  chlorine,  and  thereby  preventing  the  needless  formation  of  muriate  of 
lime  in  the  chambers  or  cisterns  of  impregnation. 

When  the  solution  of  the  chloride  of  lime  is  mixed  with  hydrate  of  lime,  it  bears, 
without  decomposing,  a  pretty  high  temperature,  provided  it  be  not  too  long  continued; 
it  may  even,  in  certain  cases,  be  raised  to  near  the  boiling  point  without  suifering  a 
marked  loss  of  its  discolouring  power ;  but  when  the  chloride  is  deprived  of  that  excess 
of  lime,  it  is  decomposed  in  a  short  time,  even  at  a  heat  of  110°  F. 

When  chlorine  is  admitted  to  milk  of  lime,  it  infallibly  produces  some  muriate  of 
lime ;  but  the  quantity  is  kept  at  a  minimum  by  constantly  presenting  an  excess  of 
lime  to  the  gas  with  the  agitator,  and  by  keeping  the  temperature  as  low  as  possible. 
Hence  the  influx  of  gas  should  not  be  so  rapid  as  to  generate  much  heat.  An  automatic 
agitator,  moved  by  steam  or  water  power,  is  therefore  much  better  than  one  driven  by 
the  hand  of  the  operator,  who  is  apt  to  intermit  his  labours. 

If  the  liquor  becomes  hot  at  the  end  of  the  process,  it  should  be  immediately  drawn 
ofiF  into  large  stone  bottles  and  cooled.  The  rose  colour,  which  sometimes  supervenes, 
is  due  to  a  minute  quantity  of  manganese  :  the  strongest  liquid  chloride  of  lime  that 
can  be  prepared  will  not  discolour  more  than  80  times  its  volume  of  Gay-Lussac's  in- 
digo test. 

On  acting  upon  cotton-cloth  with  a  concentrated  solution  of  chloride  of  lime,  at  from 
1 10°  to  1 20°  F.,  pure  carbonic  acid  is  disengaged,  and  the  texture  of  the  cloth  is  injured. 
Here  the  hydrogen  of  the  water,  and  of  the  cotton,  being  seized  by  the  chlorine,  the 
liberated  oxygen  combines  with  the  carbon  to  form  carbonic  acid.  In  the  discharge- 
troughs,  where  printed  calicoes  are  passed  through  strong  solutions  of  chloride  of  lime, 
stalactitic  crusts  of  carbonate  of  lime  come  to  be  formed  in  this  way_. 

The  residue  in  the  still  is  a  mixture  of  sulphate  of  manganese,  bisulphate  of  soda, 
and  free  sulphuric  acid  :  it  is  mixed  with  as  much  common  salt  as  the  sulphuric  acid 
is  able  to  decompose,  and  the  whole  is  gradually  fused  in  a  furnace.  By  this  fusion, 
the  sulphate  of  manganese  is  decomposed,  as  well  as  the  common  salt,  and  there  remains 
sulphate  of  soda,  mixed  with  oxide  of  manganese  and  peroxide  of  iron.  Lixiviation 
gets  rid  of  these  two  oxides,  and  leaves  a  solution  of  sulphate  of  soda,  which  is  evapo- 
rated to  dryness,  mixed  with  pounded  coal,  and  ignited  in  a  reverberatory  furnace. 
By  this  process  the  Glauber  salt  is  converted  into  sulphuret  of  sodium,  from  which 
carbonate  of  soda  is  extracted  by  simple  and  well-known  processes. 

In  the  year  1846,  Mr.  Pattinson  patented  an  improved  mode  of  manufacturing 
chlorine.  In  this  process  he  made  use  of  a  stone  vessel  or  generator,  enclosed  in  a 
double  iron  vessel.  The  hydrochloric  acid,  specific  gravity  1-16,  is  poured  into  tne 
generator.and  onagrating  or  false  bottom  isplaced  the  bmoxide  of  manganese  mlumps. 
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The  temperature  of  the  contents  of  the  generating  vessel  is  then  raised  to  180°  F.,  by- 
means  of  steam,  made  to  circulate  between  the  stone  vessel  and  the  iron  casing.  This 
heat  is  continued  for  about  18  hours  ;  and  then,  by  means  of  a  suitable  pipe  passing 
to  the  bottom  of  the  generator,  steam,  under  a  pressure  of  10  lbs.  to  the  inch,  is 
injected  into  the  vessel  for  about  two  minutes,  and  this  is  repeated  every  half  hour  for 
about  six  hours.  In  this  process  no  mechanical  agitation  is  required,  as  the  steam 
enters  with  sufficient  force,  under  the  pressure  above  mentioned,  to  effect  the  requisite 
agitation  of  the  contents,  and  by  clearing  the  lumps  of  manganese  from  all  adhering 
matters,  expose  a  fresh  surface  continually  to  the  action  of  the  acid. 

In  carrying  this  process  into  practical  operation,  Mr.  Pattinson  found  that  the 
apparatus  is  liable  to  be  completely  deranged,  and  the  iron  vessel  destroyed  by  the 
action  of  the  hydrochloric  acid,  if  the  stone  generating  vessel  should  happen  to  get 
broken ;  to  obviate  which  inconvenience,  and  to  enable  the  generator  to  be  used 
though  in  a  broken  condition,  the  inner  iron  vessel  is  perforated ;  and  the  spaces 
between  the  two  iron  vessels,  and  between  the  inner  iron  vessel  and  the  stone  gene- 
rator, are  fiUed  with  coal  tar,  or  pitch,  thickened  by  boiling  to  such  a  consistence  as 
to  be  tough,  but  not  brittle,  when  cold.  Steam,  circulating  through  a  coil  of  pipe 
passing  between  the  iron  vessels,  serves  to  maintain  the  tar  at  the  requisite  deo-ree  of 
heat;  and  in  the  event  of  the  breakage  of  the  stone  generator,  the  liquefied  ta?  flows 
into  the  fissure,  and  prevents  the  escape  of  the  hydrochloric  acid  into  the  steam 
vessel. 

A  method  of  treating  the  residuum  obtained  in  the  manufacture  of  chlorine  was 
patented  in  1-855  by  Mr.  C.  Tennant  Dunlop.  It  consists  in  transforming  the  chlo- 
ride of  manganese,  first  into  carbonate  and  then  into  oxide,  by  the  action  of  heat. 
Whatever  impurity  the  chloride  of  manganese  may  contain  — as  chloride  of  iron  for 
instance— IS  first  separated,  either  by  calcination  or  by  the  agency  of  a  suitable  pre- 
cipitant. Practical  working  has  shown  that  the  carbonate  of  manganese  thus 
^eated  yields  an  oxide  of  a  richness  equivalent  to  that  of  80  per  cent,  pure  peroxide. 
I  he  carbonate  of  manganese  may  be  obtained  by  precipitation  from  the  chloride  by 
carbonate  of  ammonia.  The  chloride  of  ammonium  resulting  from  this  treatment 
may  either  be  employed  as  such,  or  it  may  be  re-transformed  in  the  usual  way^nto 
carbonate  for  the  precipitation  of  fresh  chloride  of  manganese.  Hydrate  of  lime  is 
also  used  as  a  precipitant,  the  resulting  hydrated  oxide  of  manganese  being  ubse- 
c^hoLT^  transmission  through^it  of  a  stream  of 

process,  carbonate  of  manganese  is  obtained  by  passing  carbonic  acid 
through  the  solution  of  chloride  of  manganese  which  has  been^ev  oufly  mixed  with 

whioh  are  emlodirf  In  the  mySei  abS  ^  '  ™P»""'  »' 
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Mr.  Graham  found  that  hydrate  of  lime,  dried  at  212°,  ahsorbod  afterwards  little 
or  no  chlorine  j  but  that,  when  dried  over  sulphuric  acid,  it  was  in  the  most  favour- 
able condition  for  becoming  chloride  of  lime.  A  d^',  white,  pulverulent  compound 
is  obtained  by  exposing  the  last  hydrate  to  chlorine,  which  contains  41-2  to  41-4 
chlorine  in  100  parts,  of  which  39  parts  are  available  for  bleaching,  the  remainder 
going  to  form  chloride  of  calcium  and  chlorate  of  lime.  This  appears  to  be  the 
maxinuim  absorption  of  chlorine  by  dry  hydrate  of  lime  ;  but  the  bleaching  powder 
of  commerce  rarely,  even  when  fresh  prepared,  contains  more  than  30  per  cent,  of 
chlorine,  and  after  being  kept  for  several  months,  the  proportion  often  falls  as  low  as 
20  per  cent.  A  compound  containing  one  equivalent  of  chlorine  and  one  equivalent 
of  hydrate  of  lime,  should  contain  48-57  chlorine  and  51-43  hydrate  of  lime;  a  com- 
pound of  one  equivalent  of  chlorine  and  two  of  hydrate  of  lime,  should  contain  32  -42 
chlorine  and  67-58  hydrate  of  lime  ;  and  these  are  about  the  proportions  in  good  com  - 
mercial specimens.  It  would  not  be  advisable  to  attempt  to  manufacture  a  more 
highly  chlorinated  product,  as  the  stability  of  the  compound  is  increased  by  an  excess 
of  lime.  Where  a  stream  of  chlorine  is  transmitted  through  water  holding  hydrate 
of  lime  in  suspension,  the  lime  is  entirely  dissolved,  and  the  full  equivalent  of  chlorine 
is  absorbed.  Water  poured  upon  bleaching  powder  dissolves  out  the  bleaching  com- 
bination, leaving  a  large  residue  of  lime.  Ten  parts  of  water  are  required  for  one 
part  of  dry  chloride.  The  solution  emits  the  peculiar  odour  of  hypochlorous  acid  ; 
and  if  we  regard  bleaching  powder  as  hypochlorite  of  lime,  the  reaction  which  occurs 
in  its  formation  wUl  be  thus  represented  : — 

2CaO  +  2C1  =  CaCl  +  CaO.ClO. 

But  good  bleaching  powder  is  not  deliquescent,  neither  does  alcoholdissolve  anything 
from  it,  both  which  should  occur  if  the  compound  contained  free  chloride  of  calcium. 
It  is  possible,  however,  that  the  two  salts  may  exist  in  bleaching  powder  in  the  form 
of  a  double  salt,  or  that  the  chlorine  is  in  direct  combination  with  the  oxide.  Tf  the 
compound  be  supposed  to  be  pure  chloride  of  lime,  the  reaction  is  simply  an  absorp- 
tion of  chlorine  ;  and  the  same  should  be  the  case  with  the  other  bleaching  compounds 
— chloride  of  soda,  for  instance.  But  when  carbonate  of  soda,  saturated  with  chlo- 
rine (Labarraque's  Liquor),  is  evaporated,  no  chlorine  is  evolved,  and  the  residue  still 
possesses  bleaching  properties.  The  true  nature  of  bleaching  powder  is  open,  there- 
fore, to  speculation. 

The  bleaching  action  of  solution  of  chloride  of  lime  is  very  slow  unless  an  acid  be 
added  to  it.  When  dilute  sulphuric  acid  in  insufficient  quantity  is  employed,  no 
chlorine  is  evolved  but  hypochlorous  acid,  which  may  be  distilled  off  and  condensed 
in  a  suitable  receiver ;  hut  with  excess  of  acid,  chlorine  only  is  liberated.  When 
calicoes  and  other  woven  goods  are  to  be  bleached,  they  are  first  thoroughly  cleansed 
by  boiling  siiccessively  with  lime-water  and  a  weak  solution  of  caustic  soda ;  they  are 
then  digested  in  a  solution  of  bleaching  powder,  specific  gravity  1-02,  containing  about 
2|  per  cent,  of  chloride  of  lime  ;  after  which  they  are  immersed  in  very  dilute  sulphuric 
acid,  which,  by  liberating  the  chlorine  within  the  fibres  of  the  cloth,  rapidly  removes 
the  colour.  The  goods  are  then  washed,  a  second  time  steeped  in  alkali,  and  again 
passed  through  a  weaker  solution  of  chloride,  and  then  through  dilute  acid  ;  after  which 
they  are  thoroughly  washed  in  water.  The  quantity  of  liquor  necessary  for  "00  lbs.  of 
cloth  is  971  gallons,  containing  388|  lbs.  of  chloride.  When  white  figures  are  required 
on  a  coloured  ground,  the  pattern  is  printed  on  the  cloth  with  tartaric  acid,  thickeried 
with  gum.  The  colour  is  discharged  in  those  places  where  the  acid  was  present,  but 
elsewhere  untouched.  When  chloride  of  lime  is  heated,  it  evolves  oxygen  gas,  and 
sometimes  chlorine,  and  it  becomes  converted  into  a  mixture  of  chlorate  of  lime  and 
chloride  of  calcium,  which  has  no  bleaching  properties.  Half  an  ounce  of  chloride  of 
lime  boiled  in  two  ounces  of  water  yields,  according  to  Keller,  165  cubic  inches  of 
oxygen  contaminated  with  chlorine.  , 

The  property  of  chlorine,  to  destroy  offensive  odours  and  to  prevent  putrefaction, 
eives  to  the  chlorides  of  lime  and  soda  a  high  value.  On  this  important  subject 
Pereira  has  the  following  remarks  (Mat.  Med.  vol.  i.)  with  reference  to  medical 
police  "  If  air  be  blown  through  putrid  blood,  and  then  through  a  solution  of  clilo- 
ride  of  lime,  carbonate  of  lime  is  precipitated,  and  the  air  is  disinfected  ;  but  if  the  air 
be  first  passed  through  putrid  blood,  then  through  caustic  potash  or  milk  of  hme,  to 
abstract  the  carbonic  acid,  and  afterwards  through  the  solution  of  chloride  of  lime  it 
retains  its  stinking  quality.  Chloride  of  lime  may  be  employed  to  prevent  the  putre- 
faction of  corpses  previous  to  interment ; -to  destroy  the  odour  of  exhumed  bodies 
daring  medico-legal  investigations  ;-to  destroy  had  smells  and  preven  putrefaction 
in  dislecting-rooms  and  workshops  in  which  animal  substances  are  employed  (as  cat- 
gut manufactories)  ;-to  destroy  unpleasant  odours  froni  privies,  scAvers,  d"^ns,  wells 
docks,  &c.  ;-to  disinfect  ships,  hospitals,  prisons,  stables,  &c.    The  various  modes 
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of  applying  it  will  readily  suggest  tliemselves.  For  disinfecting  corpses,  a  sheet 
should  be  soaked  in  a  pailful  of  water  containing  a  pound  of  chloride,  and  then 
wrapped  round  the  body.  For  destroying  the  smell  of  dissecting-rooms,  &c.,  a  solu- 
tion of  the  chloride  may  be  applied  by  means  of  a  gardening  pot."  Of  equal  impor- 
tance is  this  substance  to  the  medical  practitioner.  "  We  employ  them,"  observes 
Pereira,  "  to  gangrenous  parts,  to  ulcers  of  all  kinds  attended  with  foul  secretions  ;  to 
compound  fractures  accompanied  with  offensive  discharges  ;  in  a  word,  we  apply 
them  in  all  cases  accompanied  with  offensive  and  fetid  odours.  Their  efficacy  is  not 
confined  to  an  action  on  dead  parts,  or  on  the  discharges  from  wounds  and  ulcers; 
they  are  of  the  greatest  benefit  to  living  parts,  in  which  they  induce  more  healthy 
action,  and  the  consequent  secretion  of  less  offensive  matters.  Furthermore,  in  the 
sick  chamber,  many  other  occasions  present  themselves  on  which  the  power  of  the 
hypochlorites  to  destroy  offensive  odours  will  be  found  of  the  highest  value :  as  to 
counteract  the  unpleasant  smell  of  dressings,  or  bandages,  &c.  &c.  In  typhus  fever 
a  handkerchief,  or  a  piece  of  calico,  dipped  in  a  weak  solution  of  an  alkaline  hypo- 
chlorite, and  suspended  in  the  sick  chamber,  will  be  often  of  considerable  service  both 
to  the  patient  and  to  the  attendants.".-  The  poisonous  exhalations  from  foul  sewers, 
may  be  counteracted  by  a  slight  inhalation  of  chlorine  gas,  as  obtained  from  a  little 
chloride  of  lime  placed  in  the  folds  of  a  towel  wetted  with  acetic  acid. — H.  M.  N. 

CHLOROMETRY.  The  processes  or  series  of  processes  by  which  the  strength  or 
commercial  value  of  substances  containing  chlorine,  or  from  which  chlorine  may  be 
rendered  available,  is  ascertained,  is  called  Chlorometry.  Chloride  (hypochlorite)  of 
lime,  of  potash,  or  of  soda,  and  the  ores  of  manganese,  are  the  most  important  of  these 
substances. 

Chloride  of  lime  is  a  mixture  of  hypochlorite  of  lime,  chloride  of  calcium,  and 
hydrate  of  lime  (CaO,CIO  +  CaCl+ CaO.HO),  and  is  decomposed  by  the  weakest 
acids— even  by  carbonic  acid;  and  therefore,  by  exposure  to  the  air,  it  gradually 
loses  its  chlorine,  and  being  converted  into  carbonate  of  lime,  it  may  become  perfectly 
valueless.  This  decomposition  by  all  acids  is  common  to  all  decolourising  chlorides 
(hypochlorites),  and  may  be  explained,  either  by  admitting  that  the  decomposing  acid 
(say,  for  example,  the  carbonic  acid  of  the  air)  simply  eliminates  the  hypochlorous 
acid,  the  oxygen  of  which  oxidises  in  a  direct  manner  the  calcium  of  the  chloride  of 
calcium  mixed  with  the  hypochlorite  of  lime,  thus  : — 

CaO,C10  +  CaCl  +  2CO-  =  2CaO,CO=+  2C1; 

or  by  considering  the  decolourising  chloride  (chloride  of  lime,  for  example)  not  as  a 
hypochlorite,  but  as  a  compound  resulting  from  the  direct  combination  of  chlorine 
with  CaO  (CaO.Cl)  ;  in  which  view  of  the  case  the  decomposition  is  explained  as 
follows  ; — 

CaO,Cl  +  CO^  =  CaO.CO'i  +  CI. 

The  value  of  the  decolourising  chlorides  in  general,  and  of  chloride  of  lime  in  par- 
ticular, depends  upon  the  quantity  of  chlorine  which  may  be  liberated  from  it  under 
the  mfluence  of  an  acid.  For  technical  purposes  this  estimation  is  exceedingly 
important^  and  should  never  be  neglected  by  the  bleacher. 

Chlorine,  whether  in  the  free  state,  or  combined  with  weak  alkalies,  or  caustic 
lime,  having  the  property  of  destroying  colouring  matter  of  an  organic  nature,  this 
reaction  was  from  the  first  resorted  to  as  a  means  of  determining  the  commercial  value 
ot  these  chlorides;  namely,  by  ascertaining  the  quantityof  a  solution  of  indigo  of  known 
strength  which  could  be  decolourised  by  them  ;  for  this  purpose  a  test  liquor  is  pre- 
pared by  dissolving  a  given  quantity  of  sulphate  of  indigo  in  water,  and  pouring 
therein,  drop  by  drop,  a  certain  quantity  of  the  sample  of  chloride  of  lime  pre- 
viously dissolved  m  a  measured  quantity  of  water.  The  solution  of  chloride  of  lime 
must  be  added,  drop  by  drop,  to  the  sulphate  of  indigo  test  liquor  until  the  latter 
turns  from  blue  to  yellow,  the  operator  taking  care  to  stir  the  mixture  without  inter- 
mission* 

f  ^o^ever,  is  objectionable,  and  is,  in  fact,  the  worst  of 

"  "^'^/^^^y  "J  ascertaining  when  the  reaction  is  complete;  for  the 
ye  low  colour,  resulting  from  the  decomposition  of  the  indigo  (chlorisatine)  mixing 
with  the  oi-igmal  blue  colour  of  the  solution,  produces  a  gr^n  colour,  Xch  in ter- 
ZXZ     f  '  ''^^'"''T''  observation.    On  the  other  hand,  the  tlst  Uquor  of 

sulphate  of  indigo  always  undergoes  spontaneous  and  gradual  decolor  sation  hi 

st^tf/brsi^aiJrn         ''''     ^-^"^  irbfkerrw^x 

The  process  generally  adopted  now  is  one  which  gives  exceedingly  accurate  result,- 
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to  say,  converted  into  arsenic  acid  (AsO»),  in  the  presence  of  chlorine  and  water 
luis  reaction  may  be  represented  by  the  following  equation :  

AsO»  +  2CI  +  2I10»= 
AsO"  +  2HC1. 

That  is  to  say,  one  equivalent  of  arsenious  acid  ( AsO»)  in  presence  of  two  equiva- 
lents of  chlorine  (2C1)  and  of  two  equivalents  of  water  (2IIO),  i-rodiices  one  equiva- 
lent of  arsenic  acid  (AsO")  and  two  equivalents  of  chlorhydric  acid  (2HC1) 

This  reaction  is  so  rapid,  that  if  organic  substances  capable  of  being  decolourised 
by  the  action  of  chlorine  are  present  while  it  is  taking  place,  the  colour  is  not 
destroyed  so  long  as  any  portion  of  arsenious  acid  remains  unconverted  into  arsenic 
acid ;  but  as  soon  as  the  last  portion  of  the  arsenious  acid  lias  been  peroxidised  the 
hquor  is  instantly  decolourised,  which  reaction  at  once  indicates  that  the  exoeriment 
is  at  an  end. 

Taking  the  equivalent  of  arsenious  acid  =  99,  and  that  of  chlorine  =  35-5  it 
IS  evident  that  99  grains  of  arsenious  acid  will  correspond  to  71-0  of  chlorine 
(35-5  X  2  =  71-)  ;  or,  which  is  the  same  thing,  139  436  grains  of  arsenious  acid  will 
correspond  very  nearly  to  100  of  chlorine. 

Take,  therefore,  a  certain  quantity  of  the  arsenious  acid  of  commerce,  reduce  it  to 
powder,  and  dissolve  it  in  hot  diluted  chlorhydric  acid;  allow  it  to  recrystallise  there- 
from,  wash  the  crystalline  powder  with  cold  water,  dry  it  well,  reduce  it  into  fine 
powder,  and  of  this  dry  and  pure  arsenious  acid  take  now  139-44  grains,  prepared  as 
above  said,  put  them  into  a  flask,  and  add  thereto  about  3  ounces  pure  chlorhydric 
acid,  free  from  sulphurous  and  nitric  acid,  and  diluted  with  three  or  four  times  its 
bulk  of  water;  keep  the  whole  at  a  boiling  heat  until  all  the  arsenious  acid  has 
totally  dissolved.  Pour  now  the  solution  into  a  glass  cylinder  graduated  into  10,000 
grains-measures,  rinse  the  flask  with  water,  and  pour  the  rinsings  into  the  graduated 
glass  cylinder  until,  in  fact,  it  is  filled  up  to  the  scratch  marked  10,000.  This  done, 
it  is  clear  that  each  1000  grains-measure  of  that  liquor  will  contain  13-944  grains 
■weight  of  arsenious  acid,  corresponding  to  10  grains  weight  of  chlorine.  This  should 
be  labelled  "  arsenious  acid  test  liquor."  If  it  be  desired  to  prepare  a  larger  quantity 
of  test  liquor,  instead  of  139-44,  the  operator  may  take,  for  example,  ten  times  that 
quantity  of  arsenious  acid,  namely,  1394  44  grains  (or,  more  correctly,  1394  36),  and 
dissolve  them  in  as  much  liquid  as  will  form  100,000  grains-measures;  but  he  will  have 
to  take  care  to  keep  it  in  one  or  more  well  stoppered  jars,  in  order  that  the  strength 
of  the  solution  may  not  be  altered  by  evaporation. 

Having  thus  prepared  a  quantity  of  arsenious  acid  test  liquor,  weigh  off  100  grains 
from  a  fair  average  sample  of  the  chloride  of  lime  to  be  examined,  and  after  tritura- 
ting them  first  in  the  dry  state,  and  then  with  a  little  water  in  a  glass  mortar,  and 
then  adding  more  water,  pour  the  whole  into  a  flask  or  glass  vessel  capable  of  holding 
2000  grains-measure,  and  marked  with  a  scratch  at  that  point.  The  mortar  in  which 
the  chloride  of  lime  has  been  triturated  must  be  rinsed  with  more  water,  and  the 
rinsings  poured  into  the  2000  grains-measure  glass  vessel  first  mentioned,  until  the 
whole  of  the  2000  grains-measures  are  filled  up  to  the  scratch.  The  whole  must  now 
be  well  shaken,  in  order  to  obtain  a  uniformly  turbid  solution,  and  half  of  it  (namely, 
1000  grains-measure)  is  transferred  to  an  alkalimeter,  which  therefore  will  thus  be 
filled  up  to  0°,  and  will  contain  50  grains  of  the  chloride  of  lime  under  examination ; 
and  as  the  101)0  grains-measure  of  the  alkalimeter  are  divided  into  100  degrees,  each 
degree  or  division  will  therefore  contain  0-5,  or  half  a  grain  of  chloride  of  lime. 

■On  the  other  hand,  pour  also  1000  grains-measure  of  the  arsenious  acid  test 
liquor  into  a  somewhat  large  beaker,  and  add  thereto  a  few  drops  of  a  solution  of  sul- 
phate of  indigo,  in  order  to  impart  a  distinct  blue  colour  to  it ;  shake  the  glass,  so  as 
to  give  a  circular  motion  to  the  liquid,  and  while  it  is  whirling  round  pour  gradually 
into  it  the  chloride  of  lime  liquor  from  the  alkalimeter,  watching  attentively  the 
moment  when  the  blue  tinge  of  the  arsenious  aoid  test  liquor  is  destroyed.  Care 
must  be  taken  to  stir  the  liquor  well  during  the  process,  and  to  stop  as  soon  as  the 
decolourising  is  effected,  which  indicates  that  the  whole  of  the  arsenious  acid  is  con- 
verted into  arsenic  acid,  and  that  the  process  is  finished. 

The  quantity  of  chlorine  contained  in  the  sample  is  then  determined  in  the  fol- 
lowing manner : — 

"We  have  seen  that  the  1000  grains-measure  of  the  arsenious  acid  test  liquor,  into 
which  the  chloride  of  lime  liquor  was  poured  from  the  alkalimeter,  contained  13-9-14 
grains  weight  of  arsenious  acid,  corresponding  to  10  grains  weight  of  chlorine.  And 
the  1000  grains-measure  of  chloride  of  lime  liquor  poured  from  the  alkalimeter  con- 
tained 50  grains  weight  of  chloride  of  lime,  each  degree  of  the  alkalimeter  containing, 
therefore,  half  a  grain  of  chloride  of  lime. 

Let  us  suppose  that,  in  order  to  destroy  the  blue  colour  of  the  1000  grains-measure 
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of  the  arsenious  acid  test  liquor,  80  divisions  (800  grains-measure)  of  the  chloride  of 
lime  liquor  in  the  alkalimeter  have  been  employed.  It  is  evident  that  these  80  divi- 
sions contained  the  10  grains  vceight  of  chlorine  necessary  to  destroy  the  colour  of  the 
arsenious  acid  test  solution,  or  rather  to  peroxidise  all  the  arsenious  acid  (13-944)  con- 
tained in  that  solution  tinged  blue  with  indigo.  And  since  each  division  represents  half 
a  grain  of  chloride  of  lime,  40  grains  weight  of  chloride  of  lime,  containing  10  grains 
-weight  of  chlorine,  must  have  been  present  in  the  80  divisions  employed.  If  now  40 
grains  of  the  chloride  of  lime  under  examination  contained  10  grains  of  chlorine, 
■what  is  the  percentage  of  chlorine  in  that  same  chloride  ?    The  ans-wer  is  25. 

40  :  10  : :  100  :  25. 

The  chloride  of  lime  submitted  to  the  experiment  contained,  therefore,  25  per  cent, 
of  chlorine. 

In  the  method  just  described  it  will  be  observed  that,  instead  of  pourins:  the  arse- 
nious acid  test  liquor  into  the  solution  of  the  sample,  as  in  alkalimetry,  it  is,  on  the 
contrary,  the  solution  of  the  sample  -which  is  poured  into  that  of  the  test  liquor.  It  is 
necessary  to  operate  in  this  manner,  because,  otherwise,  the  chlorhydrio^.acid  of  the 
arsenious  acid  test  liquor  would  disengage  at  once  more  chlorine  than  the  arsenious 
acid  could  absorb,  and  thus  render  the  result  quite  incorrect.  On  the  contrary,  by 
pouring  the  chloride  of  lime  into  the  solution  of  arsenious  acid,  the  chlorine  being 
disengaged  in  small  portions  at  a  time,  always  meets  with  an  abundance  of  arsenious 
acid  to  react  upon.  It  is  better,  also,  to  employ  the  turbid  mixture  of  chloride  of 
lime,  than  to  allow  it  to  settle  and  to  perform  the  experiment  on  the  decanted 
portion. 

Instead  of  arsenious  acid,  protosulphate  of  iron  may  very  conveniently  be  em- 
ployed ;  and  this  method,  first  proposed,  I  believe,  by  Runge,  yields  also  exceedingly 
accurate  results. 

This  method  is  based  upon  the  rapid  peroxidisation  which  protosulphate  of  iron 
undergoes  when  in  contact  with  chlorine  in  the  presence  of  water  and  of  free  sul- 
phuric acid,  two  equivalents  of  the  protosulphate  being  thereby  converted  into  one 
equivalent  of  persulphate,  on  account  of  one  equivalent  of  chlorine  liberating  one 
equivalent  of  oxygen  from  the  water,  which  equivalent  of  oxygen  adds  itself  to  the 
protoxide  of  iron  which  thus  becomes  converted  into  peroxide,  and  consequently 
into  persulphate  of  iron,  while  the  equivalent  of  hydrogen,  liberated  at  the  same  time, 
forms  with  the  chlorine  one  equivalent  of  chlorhydric  acid;  thus:  

2FeO,SO'  +  2S0»  +  HO  +  CI  = 
Fe20»,3SO»  +  HCl ; 

by  -vvhich  it  is  seen  that  two  equivalents  of  protosulphate  of  iron  correspond  to  one 
equivalent  of  chlorine. 

Protosulphate  of  iron  may  be  obtained  in  a  state  of  great  purity  as  a  by-product 
of  the  action  of  sulphuric  acid  upon  protosulphuret  of  iron  in  the  preparation  of  sul- 
phuretted hydrogen,  the  evolution  and  reducing  action  of  the  latter  gas  preventino- 
the  formation  of  any  peroxide.  All  the  operator  has  to  do  is  to  redissolve  in  wate^ 
with  addition  of  a  little  sulphuric  acid,  the  crystals  which  have  formed  in  the  sulphu-^ 
retted  hydrogen  apparatus,  to  filter  the  whole  liquor,  and  to  recrystallise  it;  or  else 
to  pour  the  hot  and  very  concentrated  solution  into  strong  alcohol:  by  the  latter 
process,  instead  of  obtaining  the  protosulphate  in  crystals,  it  is  in  the  shape  of  a  fine 
clear  blue  precipitate.  Or  else,  as  much  piano-forte  wire  may  be  dissolved  in  mode- 
rately diluted  sulphuric  acid  as  will  nearly  neutralise  it ;  the  liquor  is  then  filtered 
and  left  to  crystallise,  taking  care,  however,  to  leave  a  few  fragments  of  the  wire 
suspended  m  it,  that  no  peroxidisation  may  take  place ;  or  else  the  iron  solution  may 
be  concentrated  by  heat,  and  while  hot  pour  into  strong  alcohol,  by  which  a  clear 
blue  crystalline  precipitate  of  pure  protosulphate  of  iron  will  be  obtained.  In  either 
hsation^pTo  S0^~^  ^°  produced  contains  7  equivalents  of  water  of  crystal- 

_  Take,  accordingly,  2  equivalents,  or  278  grains,  of  the  crystallised  protosulphate  of 
iron  before  alluded  to  and  previously  dried  between  folds  of  blotting-paper  or 
moistened  with  alcohol  and  left  to  dry  in  the  air  until  all  odour  of  llcohol  has 
van..^ied,  and  dissolve  these  278  grains  of  protosulphate  of  iron  in  water  st.on-lv 
acidified  with  cither  sulphur  c  or  chlorhydric  acid,  so^hat  the  liquor  may  occupv  fhe 
bulk  or  vo  ume  of  3550  grains  of  water.  1000  grains  of  such  a  solution  will  there 
fore  contain  78-31  grams  of  crystallised  protosulphate  of  iron,  and  wiU  aTcortoHv- 
be  perox.dised  by,  or  will  correspond  to,  10  grains  of  chlor  nc.  When  onlv  onl 
experimen  is  comemplated,  78-31  of  crystallised  protosulphate  of  ron  mav L  ,r 
once  disso  ved  m  l  000  grains  (1  alkalimeter  full)  of  water  acidified  wiai  sXhurL 
acid ;  and  this  is  the  protosulphate  of  iron  test  liquor  sulphunc 
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Weigh  now  100  grains  of  the  ciiloride  of  lime  under  examination,  and  dissolve 
them,  as  heforo  mentioned,  in  a  glass  mortar,  with  a  sufficient  quantity  of  water,  so 
that  it  may  occupy  the  bulk  of  2000  grains-measui^s  of  water ;  pour  half  of  this, 
namely,  1000  grains-measure,  into  an  alkalimeter  divided,  as  usual,  into  100  divisions 
or  degrees,  each  degree  of  which  will  therefore  contain  half  a  grain  of  chloride  of 
lime.  Tour  gradually  the  chloride  of  lime  from  tlie  alkalimeter  into  a  glass  beaker 
containing  1000  grains-measure  of  the  test  solution  of  protosulphate  of  iron,  above 
alluded  to,  stirring  aU  the  while,  until  it  is  completely  converted  into  persulphate  of 
iron,  which  may  be  ascertained  by  means  of  strips  of  paper,  previously  dipped  into  a 
solution  of  red  prussiate  of  potash  and  dried,  more  chloride  of  lime  being  poured  from 
the  alkalimeter  as  long  as  a  blue  stain  is  produced  by  touching  the  red  prussiate  of 
potash  test  paper  with  a  drop  of  the  solution  of  protosulphate  of  iron  operated  upon. 
The  quantity  of  chlorine  contained  in  the  chloride  of  lime  under  examination,  is 
estimated  as  follows : — Since  1000  grains-measure  of  the  protosulphate  of  iron  test 
liquor,  into  which  the  solution  of  chloride  of  lime  is  poured,  contains,  as  we  said,  • 
78'31  grains  of  proto-sulphate  of  iron,  corresponding  to  10  gi-ains  of  chlorine;  and 
since,  on  the  other  hand,  1000  grains-measure  of  the  solution  of  chloride  of  lime  in  the 
alkalimeter  contains  50  grains  of  chloride  of  lime,  that  is  to  say,  ^  grain  of  that  sub- 
stance in  each  division  of  the  alkalimeter : 

Let  us  suppose,  for  example,  that  the  quantity  of  chloride  of  lime  required  to 
peroxidise  the  iron  of  the  1000  grains-measure  of  protosulphate  amounts  to  90 
divisions,  it  is  evident  that  the  solution  contained  45  grains  of  chloride  of  lime,  and  if 
these  45  grains  of  chloride  of  lime  contained  the  10  grains  of  chlorine  necessary  to 
peroxidise  the  iron  of  the  protosulphate  in  the  glass  beaker,  the  100  grains  of  the  same 
chloride  under  examination  evidently  contain  22-22.  This  calculation  is  readily 
effected  by  dividing  1000  by  half  the  number  of  the  divisions  poured  from  the  alkali- 
meter. The  half  of  90  (number  of  divisions  employed)  being  45,  dividing  1000  by 
45  is  22"22. 

Or,  instead  of  100  grains,  the  operator  may  take  only  50  grains  of  the  chloride  of 
lime  to  be  examined,  and  this  wiU  prove  a  more  convenient  quantity,  in  that 
case,  the  dividing  1000  by  the  number  of  divisions  employed,  will  at  once  give  the 
percentage.  Let  us  suppose,  for  example,  that  45  divisions  only  of  the  50  grains  of 
chloride  of  lime  solution,  taken  as  sample,  to  have  been  employed  ;  then,  smce  these 
45  divisions  contained  the  10  grains  of  chlorine  necessary  to  peroxidise  the  iron  con- 
tained in  the  1000  grains-measure  of  the  protosulphate,  it  is  evident  that  100  grams 
will  contain  22-22  of  chlorine  ;  thus:  — 

Divisions.     Grains  of  chlorine.     Divisions.     Grains  of  chlorine. 

45  :  10  ::  loo  :  x  =  22-22 
There  are  other  accurate  methods  of  determining  the  amount  of  chlorine  in 
chloride  of  lime,  provided  a  proper  care  be  bestowed  on  the  operation ;  but  the 
processes  by  arsenious  acid  and  by  proto-sulphate  of  n-on  are  by  far  the  less 
liable  to  error  from  the  circumstance,  among  other  reasons,  that  their  solutions  are 
less  liable  to  become  altered.  The  other  methods  also  require  a  longer  tune,  and  we 
shall  only  mention  the  rationale  of  their  mode  of  action.  _  ,  , 

Thus  the  process  by  chloride  of  manganese  consists  in  decomposmg  a  test  solution 
of  it  by  the  chloride  of  lime,  to  be  examined  as  long  as  a  brown  precipitate  is  pro- 
duced.   The  reaction  is  as  follows :  - 

MnCl-i-CaO,Cl+HO  = 
MnO^-t-CaCl-hHCl. 

The  process  with  yelloio  prussiate  of  potash  depends  upon  the  following  reaction  :- 

2(FeCy-i-2KCy)H-Cl  = 
(3K:Cy  +  Fe=CyO  +  KCl. 


corresDond  to  i  equivalent  =  35-5  of  chlorine.  The  chloride  ot  lime  is,asusua.,pua.u. 
into  the  sol-t^on  of  the  chloride  of  manganese,  and  the  operation  is  completed  when  a 


based  u?on  its  conversion  by  chlorine  mto  chloride  of  mercmj  (HgCl),  wliicu 
soluble  in  water,  thus :  —  Hg^Cl  +  CI = 

2HgCl. 

The  modus  operandi  is  briefly  as  follows:-As  subnitrate  of  mercury  is  difficult  to 
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obtain  in  a  perfectly  neutral  state,  and  free  from  basic,  or  from  pernitrate,  take  a 
known  volume  of  pernitrate  of  mercury,  precipitate  it  by  an  addition  of  chlorhydric 
acid,  collect  the  precipitate  formed,  wash  it,  dry  it  at  212°  F.,  and  weigh  it.  Having 
thus  ascertained  the  quantity  of  subchloride  of  mercury  contained  in  the  known 
bulk  of  pernitrate,  1000  grains- measure  of  it  are  measured  off,  and  precipitated  by  an 
excess  of  chlorhydric  acid;  and  the  whole  is  then  well  shaken  so  as  to  agglonici  ate 
it ;  a  given  weight  of  chloride  of  lime,  say  50  grains,  are  dissolved  as  usual  in  water  8o 
as  to  obtain  one  alkahmeter  fidl,  ■which  is  then  gradually  poured  into  the  liquor  con- 
taining the  precipitated  subchloride  of  mercury,  until  it  completely  disappears  and 
the  liquor  becomes  as  clear  as  water,  which  indicates  that  the  operation  is  at  an  end. 
The  number  of  divisions  of  the  chloride  of  lime  liquor  used  are  then  read  off,  and 
the  quantity  of  chlorine  present  in  the  chloride  of  lime  is  easily  calculated  from  the 
quantity  of  subchloride  of  mercury  which  was  known  to  have  existed  in  the  known 
bulk  of  pernitrate  employed,  and  which  has  been  converted  into  perchloride  of 
mercury  by  the  chlorinated  liquor  poured  into  it. 

Testing  of  Black  Oxide  of  Manganese  for  its  available  Oxygen. 
Manganese  is  found,  in  combination  -with  more  or  less  oxygen,  in  a  number  of 
minerals,  but  the  principal  ores  of  that  substance  are  the  pyrolusite  (binoxide  of 
manganese),  MnOS  braunite  (sesquioxide  of  manganese),  Mn-'O^  manganite  (bydrated 
sesquioxide  of  manganese),  Mn'^O^  +  HO,  hausmannite  (red  oxide  of  maneanese) 
Mn^OS  &c.  &c.  ^ 

The  first,  namely,  the  pyrolusite,  is  by  far  the  most  important  of  these  ores 
which  are  chiefly  employed  for  the  preparations  of  chlorine,  and  their  commercial 
value  depends  upon  the  quantity  of  this  gas  which  a  given  weight  of  them  can  evolve 
which  quantity  is  proportionate  to  that  of  the  oxygen  contained  in  the  ore  beyond 
that  which  constitutes  the  protoxide  of  that  metal,  as  will  be  shown  presently.  The 
nianufacturer  who  uses  these  ores,  ought  also  to  take  into  consideration  the  amount 
of  impurities  which  may  be  present  in  them,  such  as  earthy  carbonates,  peroxide  of 
iron,  alumina,  silica,  sulphate  of  barytes,  since  these  impurities  diminish,  pro  tanto 
the  value  of  the  ore.  The  estimation  of  the  commercial  value  of  a  manoanese  ore 
may  be  accomplished  in  various  ways. 

One  of  these  methods  consists  in  first  reducing  into  fine  powder  a  sample  of  the 
ore,  and  treating  it  by  moderately  diluted  nitric  acid.  If  this  produces  an  effer- 
vescence. It  is  owing  to  the  presence  of  carbonates,  and  an  excess  of  nitric  acid  should 
then  be  used,  so  as  to  dissolve  them  entirely.  When  aU  effervescence  has  ceased 
even  after  a  fresh  addition  of  acid,  the  whole  should  be  thrown  on  a  filter  and  the' 
residue  within  the  filter  should  be  washed  and  dried.  For  technical  purposes  he 
weight  of  these  carbonates  may  be  thus  easily  effected,  namely,  by  weiffhine  a  certain 
quantity  of  the  sample  (for  example  100  grains),  digesting  it  for  Jfewhour^s  in  dilute 
nitric  acid  col  ecting  on  a  filter,  washing,  and  drying  until  it  no  longer  diminishes  in 
weight.  The  loss  indicates,  of  course,  the  quantity  per  cent,  of  the  carbon^  es  which 
ttTT^--  ^""'^  'l-'^'  take  a  weighed  Quantity  of  the  sample  dr^  it  welf 

^  f,  be  ?o  ;  '-°^T  "  '""'^  ""IT^^  counterpoised  retort,  at  the  extremity  of  wHch 
a  tube  containing  fragments  of  fused  chloride  of  calcium,  also  weighed  shouTd  be 
adjusted.  Apply  then  to  the  retort  the  strongest  heat  tha  can  be  Seed  bv  \l 
argand  spirit  amp,  or  by  my  gas  furnace-lampT  and,  after  some  time,^Sonnect^the 
chloride  of  cakium  tube  and  weigh  it.  The  increase  of  weight  indicates  the  ouanSv 
of  water  which  has  volatilised,  and  which  was  yielded  principally  by  the  hvdrate  oT«i7 
qu.ox.de  (manganite,  Mn^O'  +  HO),  some  portion  of  which  is  alLyVfound  mUe^wkh 
the  perox.de  ;  every  gram  of  water  thus  evaporated  corresponds  toV??  of  niangankc 

The  contents  of  the  small  retort  should  now  be  emptied  into  a  counte  -Doirerl  n^^tTn 
capsule  or  crucible,  and  ignited  therein,  until,  after  repeated  weiSLs  tbP  w  •  ^  ™ 

quantities  Of  ^xVg^ii%^.oLItm^;h'^^^^ 

SnS  s^j^^^ 

large  quantity  of  peroxide.  quantity  of  oxygen  represents  a 

In  order  to  effect  the  complete  conversion  of  the  neroxidn  In       .      i  • 
oxide  of  manganese,  as  above  mentioned  the  \ln■^\JT^  ^A^      the  sample  into  red 
time,  and  the  quantity  operated  upo^ro^S  be  smX-lf^        ^onUnn^^  fo,.  a  long 
a  common  fire  should\e^lsed  insfeTd  of^'a5a„d  ^  l"'^""'^      '^-'^'^^  " 

qua'n^yt^firfrM^hT^t';^ 

chlorhydric  acid.  ^  ^  produces,  when  treated  by 

In  order  to  understand  the  rationale  of  this  method,  the  reader  must  bear  in  mind 


676 


CHLOROMETRY. 


that  all  the  oxides  of  manganese  when  heated  in  contact  with  chlorhydric  acid  evolve 
a  quantity  of  chlorine  exactly  proportionate  to  that  of  the  oxygen  above  that  which 
it  contained  in  the  protoxide.  For  example,  protoxide  of  manganese  being  treated 
by  chlorhydric  acid  produces  only  protochloride  of  manganese,  but  yields  no  free 
chlorine,  as  shown  by  the  following  equation:  MnO  +  HCl  =  MnCl  +  HO.  Not  so 
however  the  red  oxide  of  manganese  or  manganoso-manganic  oxide  (Mn^O^),  which, 
when  treated  by  chlorhydric  acid,  forms  protochloride  of  manganese,  but  disengages 
one  third  of  an  equivalent  of  chlorine,  as  shown  by  the  following  equation  :  Red 
oxide  of  manganese,  or  manganoso-manganic  oxide,  may  be  represented  by  the 
formula  MnO  +  Mn'O',  orby  Mn'OS  or  by  sMnOlJ;  therefore  :  l^MnO+  l^HCl=liH 
O  +  MnCl  +  iCl. 

Scsquioxide  of  manganese  when  treated  by  chlorhydric  acid  yields  half  an  equivalent 
of  free  chlorine  for  each  equivalent  of  protochloride  of  manganese  formed  ;  as  shown 
. '  by  the  following  equation:  Sesquioxide  of  manganese,  Mn-0^  is  the  same  as  2Mn01|; 
therefore  UMnO  +  1^H01=  UHO  +  MnCl  + iCl. 

Lastly  peroxide  of  manganese  when  ti'eated  by  chlorhydric  acid  yields  one  entire 
equivalent  of  chlorine  for  each  equivalent  of  protochloride  formed;  as  shown  by  the 
following  equation:  Peroxide  of  manganese  is  31nO^;  therefore  MnO-  + 2HCl=2HO 
+  MuCl  +  CI.  And  as  the  commercial  value  of  the  ores  of  manganese  depends,  as 
already  said,  npon  the  amount  of  chlorine  which  they  can  evolve  when  treated  by  chlor- 
hydric acid,  the  object  in  view  will  evidently  be  attained  by  determining  that  quantity. 

Eunge's  method,  which  we  detailed  at  the  beginning  of  this  article  in  the  testing  of 
chloride  of  lime,  may  also  be  applied  for  the  testing  of  the  ores  of  manganese.  That 
method,  it  will  be  recollected,  is  based  upon  the  rapid  peroxidisation  which  sulphate 
of  protoxide  of  iron  undergoes  when  in  contact  with  chlorine,  water  being  present ; 
which  reaction  is  represented  as  follows:  2FeO,SO' +  HO  +  Cl  =  FeW,SO^  + HCl. 
Showing  that  two  equivalents  of  protosulphate  of  iron  represent  one  equivalent  of 
chlorine,  since  one  equivalent  of  chlorine  is  required  to  convert  two  equivalents  of 
protosulphate  of  iron  into  one  of  the  persulphate  of  that  base.  The  experiment  is 
performed  as  follows:  Pulverise  278  grains  (2  equivalents)  of  crystallised  proto- 
sulphate of  iron  (2FeO,SO\7HO),  and  mix  them  in  a  small  flask  with  43-6  grains 
of  the  manganese  under  examination,  and  previously  reduced  into  very  fine  powder. 
These  43-6  grains  represent  one  equivalent  of  pure  binoxide  of  manganese  (MnO^), 
and  would,  therefore,  if  pure,  peroxidise  exactly  the  two  equivalents,  or  278  of 
protosulphate  of  iron.  About  three  fluid  ounces  of  strong  chlorhydric  acid  should 
now  be  poured  upon  the  mixture  in  the  flask,  which  flask  must  be  immediately  closed 
■with  a  perforated  cork  provided  with  a  tube-funnel  drawn  to  a  point,  in  order  that 
the  vapour  may  escape,  and  the  whole  is  then  rapidly  boiled.  The  chlorine  disengaged 
hy  the  manganese  is  immediately  absorbed  by  the  protosulphate  of  iron.  We  just 
said  that  43-6  grains  of  peroxide  of  manganese  would,  if  pure,  exactly  peroxidise  the 
278  grains  of  protosulphate  of  iron,  but  as  the  peroxide  of  manganese  of  commerce 
is  never  pure,  it  is  evident  that  the  43-6  grains  of  the  sample  employed  will  prove 
insufficient  to  peroxidise  the  iron,  and  hence,  the  necessity  of  ascertainmg  the  amount 
of  protosulphate  which  could  not  be  peroxidised,  and  which  remains  in  the  acid 
solution  This  may  be  done  by  means  of  a  chlorate  of  potash  test-liquor,  as  foUows : 
Since  1  equivalent  (  =  122-5  grains) -of  chlorate  of  potash  (  =  KO.CIO^  produce, 
under  the  influence  of  boiling  chlorhydric  acid,  6  equivalents  of  chlorine,  as  shown 
by  the  equation  KO,C10=  +  6HC1  =  KC1  +  6H0  +  6C1,  it  follows  that  20-41  of  chlorate 
of  potash  would  be  sufficient  to  peroxidise  278  grams  (2  equivalents)  of  proto- 
sulphate of  iron,  and  would  therefore  represent  35-5  (1  equivalent)  of  chlorine,  or 
43-6  of  peroxide  of  manganese.  ,  t,    j-     i  ■  on.ti 

The  chloraie  of  potash  test-liquor,  therefore,  is  prepared  by  dissolving  20  41  of 
chlorate  of  potash  in  1000  water-grains'  measure  of  water.  The  solution  is  then 
nourcd  carefully,  drop  by  drop,  from  a  glass  alkalimeter  through  the  tube  funnel  into 
the  boiling  hot  I^lution  containing  the  salt  of  iron.    The  whole  of  the  chlorine  which 

s  disengaled  is  immediately  absorbed  by  the  protosulphate  of  iron  but  as  soon  as 
ihe  lattfr  is  completely  peroxidised,  the  free  chlorine  which  is  evolved  immediately 
rSc  s  upon  the  colouring  matter  of  a  slip  of  paper,  stamed  blue  by  sulphate  ot 
[ndico  orUtmus,  previously  placed  by  the  operator  between  the  cork  and  the  neck  of 
the  lasrwhTch  piece  of  paper  becoming  bleached  indicates  that  the  operation  is 

^nSd  The'^iperator'ihen  reads  off  the  number  of  measures  of  the  chlorate  of 
potash  test-liquor  which  have  been  employ-d  to  complete  the  peroxidisation  of  the 

''7"'^f  sTppose 'that  50  divisions  of  the  alkalimeter  (500  water-grains'  measures) 
havfbeen  emToyed  U  Is  clear  that  half  the  quantity  only  of  the  I--;-"  i^'^. 
employed  has  be'en  converted  into  persulphate,  and  that  «of  ^'f     U^^e  r>nt.  } 
of  the  sample  of  manganese  contained  half  its  weight  of  ^^^f " 
other  words,  each  measure  of  the  test-solution  of  chlorate  of  potash  emplojed  (o 
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eomplete  the  peroxidisation  of  the  protosulphate  represents  1  per  cent,  or  21-8  grains 
of  useless  matter  contained  in  the  43-6  grains  of  the  ore  of  manganese  operated  upon. 
The  air  should  he  excluded  from  the  flask  during  the  peroxidisation  of  the  proto- 
sulphate of  iron,  else  the  oxygen  of  the  air  acting  upon  the  salt  of  iron,  would 
peroxidise  a  portion  of  it  and  vitiate  the  result.  Instead  of  protosulphate,  proto- 
chloride  of  iron  may  he  used,  for  -which  purpose  56  grains  (2  equivalents)  of  piano- 
forte wire  should  he  put  into  a  matras  or  flask  as  above  mentioned,  and  about  four 
fluid  ounces  of  pure  concentrated  chlorhydric  acid  poured  upon  them.  The  flask 
being  closed,  as  directed  iu  the  preceding  process,  with  a  cork  provided  with  a  funnel 
tube  drawn  to  a  point  at  the  lower  end,  a  gentle  heat  is  then  applied  to  promote  the 
solution  of  the  iron.  When  aU  the  metal  has  dissolved,  the  operator  introduces  43"6 
grains  of  the  peroxide  of  manganese  under  examination,  previously  reduced  into  fine 
powder  and  kept  in  readiness,  weighed  and  folded  up  in  a  piece  of  paper  ;  the  flask 
is  immediately  closed  with  its  cork,  the  liquor  is  slightly  agitated  and  then  brought 
to  the  boiling  point.  The  chlorine  disengaged  by  the  manganese  is  completely 
absorbed  by  the  protochloride  of  iron,  the  excess  of  which  is  determined  by  the 
chlorate  of  potash  test-liquor  precisely  as  explained  just  above. 

By  the  methods  which  we  have  described  the  proportion  of  chlorine  which  a  sample 
of  manganese  can  evolve  may  be  ascertained,  but  this  alone  is  far  from  constituting 
the  commercial  value  of  the  article  as  a  source  of  chlorine,  and  it  is  not  less  important 
to  determine  the  proportions  of  the  otlier  substances,  such  as  peroxide  of  iron,  earthy 
carbonates,  &c.,  which  are  contained  in  the  sample  and  which  unprofitably  consume  a 
certain  quantity  of  hydrochloric  acid  without  evolving  chlorine,  and  merely  producing 
chlorides  of  iron,  of  calcium,  of  barium,  &c.  Hence  the  necessity  of  estimating  not 
only  the  quantity  of  chlorine  which  a  given  weight  of  peroxide  of  manganese  can 
yield  but  likewise  the  proportion  of  hydrochloric  acid  which  is  uselessly  saturated  by 
the  foreign  substances  contained  in  the  ore.  For  this  purpose  the  following  method 
which  was  first  recommended  by  Gay-Lussac  may  be  resorted  to  : —  One  equivalent, 
or  43-6  grains,  of  the  peroxide  of  manganese  under  examination  are  treated  by  an 
excess  of  hydrochloric  acid  ;  for  example,  by  500  water-grain  measures  of  chlorhydric 
acid  of  specific  gravity  1'093,  which  quantity  contains,  according  to  Dr.  Ure,  100 
grains  of  real  acid.  The  amount  of  chlorine  corresponding  to  that  of  the  pure 
manganese  in  the  sample  is  then  determined  as  mentioned  before  by  means  of  proto- 
sulphate or  protochloride  of  iron. 

Since  43-6  grains  (one  equivalent)  of  pure  peroxide  of  manganese  require  74  grains 
(two  equivalents)  of  pure  chlorhydric  acid  to  evolve  35-5  of  chlorine,  if  we  saturate 
the  excess  of  chlorhydric  acid  employed  by  means  of  a  solution  of  carbonate  of  soda 
as  m  acidimetry,  and  thus  determine  the  quantity  of  free  acid,  the  difi'erence  will  at 
once  show  what  quantity  of  acid  has  been  consumed  both  by  the  peroxide  of  manganese 
and  by  the  foreign  substances  conjointly  ;  but  if  we  now  subtract  from  that  number 
the  quantity  consumed  by  the  manganese,  which  will  have  been  ascertained  in  the 
first  part  of  the  experiment,  the  remainder  will  of  course  represent  the  proportion 
which  has  been  uselessly  consumed  by  the  impurities. 

Taking  a  test  solution  of  carbonate  of  soda  of  such  a  strength  that  100  alkali- 
metrical  divisions  contain  exactly  53  grains  (one  equivalent)  of  it,  and  are  conse- 
quently  capable  of  saturating  exactly  36-5  grains  (one  equivalent)  of  pure  chlorhydric 
acid,  let  us  suppose  that  in  order  to  saturate  the  excess  of  free  acid  left  after  the 
determination  of  the  chlorine  evolved  by  the  manganese,  it  is  found  that  140  alkali- 
metrica  divisions  of  the  test  solution  of  carbonate  of  soda  just  alluded  to  have  been 
required.  Since  100  alkalimetrical  divisions  or  measures  of  carbonate  of  soda  can 
saturate  36-5  grains  of  pure  chlorhydric  acid,  the  140  divisions  or  measures  employed 
represent  therefore  5M  grains  of  acid  left  in  excess  and  in  a  free  state,  which  bdne 
deducted  from  the  100  grains  (contained  in  the  500  grain  measures  of  acid  of  soecifin 
gravity  1-003  employed)  leave  48-9  grains  as  the  proportion  of  real  add  consnrd  W 
the  manganese  and  impurities  of  the  sample.  Let  us  suppose  now  that  the  43  6 
grains  of  manganese  operated  upon  have  been  found  in  the  first  part  of  the  experiment 
to  contain  only  21-8  grams,  or  50  per  cent  of  peroxide  of'manganese  as  ^0^6 
mentioned;  hese  will  therefore  have  consumed  36-5  grains  of  chlorhydric  acid  which 
being  deducted  from  the  48-9  grains  (the  joint  quantify  of  acid  consumed  by  thracid 
and  impurities),  leave  12-4  as  the  proportion  of  pure  chlorhydric  acid  wasted  oJ 
u  elessly  taken  up  by  the  impurities  alone,  and  therefore  the  4^6  ^ains  of  neroxida 
of  manganese  operated  upon  consisted  of  ^  peroxide 

[Pure  peroxide  of  manganese         -       -       .       -    21-8    =    -^n  nn 

Impurities  unprofitably  consuming  chlorhydric  acid  12-4  =  98-44 
Other  impurities  „;  -o** 

-       -       -     9-4    =  21-56 

XX  3  =^ 
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The  amount  of  water  contained  in  the  sample  may  be  separately  estimated  by  ex- 
posing a  given  weight  of  it  (100  grains,  for  example)  in  a  capsule  at  a  temperature  of 
about  215°  Fahr.  until  they  no  longer  lose  weight.  **rhe  loss,  of  course,  indicates  the 
percentage  of  water. 

Dr.  Ure  recommended  a  chlorometric  apparatus  represented  in  the  fig.  458.  Into 
the  flask  or  phial  c  put  100  grains  of  the  manganese  to  be 
tested,  and  into  the  globes,  a,  b,  pour  out  of  an  alkalimetrical 
tube  charged  with  1000  grain  measures  of  the  above  equi- 
valent copperas  solution,  from  200  to  500  grain  measures, 
according  to  the  supposed  quality  of  the  manganese ;  then 
introduce  through  the  funnel  d  some  hydrocliloric  acid  of 
known  specific  gravity  (suppose  I'l),  containing  nearly  20 
per  cent,  of  chlorine,  also  from  a  charged  alkalimetrical  tube, 
and  apply  gentle  heat  to  the  bottom  of  the  flask  by  placing  it 
in  a  capsule  of  water  standing  over  a  spirit  lamp.  The  chlo- 
rine evolved  will  rise  up  through  the  tube  /,  which  passes 
merely  beyond  the  cork,  and  will  enter  into  the  solution  in 
B  and  A,  converting  it  into  red  sulphate.  Have  ready  some 
dry  paper  imbued  with  solution  of  red  ferrocyanide  of  potas- 
sium (red  prussiate  of  iron).  Dip  a  slip  of  whalebone  into 
the  liquor  in  the  globe  a,  through  the  funnel  e  (represented 
in  the  figure  rather  too  high  above  the  globe),  and  touch  the 
paper  with  its  point.  As  long  as  it  forms  a  blue  spot,  some 
of  the  iron  still  exists  as  black  oxide,  and  the  process  is  to  be 
urged  by  the  addition  of  a  little  more  hydrochloric  acid  to  the 
manganese,  as  long  as  chlorine  gas  continues  to  be  disen- 
gaged, and  while  it  maintains  the  level  of  the  liquor  in  A 
above  that  in  b.  Whenever  the  liquor,  by  the  reaction  of 
the  chlorine,  ceases  to  stain  the  test-paper  blue,  more  of  the 
solution  from  the  graduated  tube  must  be  added  till  it  begins 
to  do  so.  By  the  cautious  administration  of  the  hydrochloric 
acid  on  the  one  hand,  and  of  the  copperas  liquor  on  the  other, 
the  term  of  saturation  will  be  arrived  at  in  a  few  minutes. 
The  manganese  has  then  produced  all  the  chlorine  which  it 
can  yield.  The  number  of  water  grain  measures  of  the 
liquor,  or  degrees  of  its  alkalimeter  scale,  being  multiplied  by 
44,  will  give  a  product  denoting  the  percentage  of  pure 
manganese  present  in  the  sample  ;  or  being  multiplied  by  36,  a  product  which  will 
denote  the  quantity  of  chlorine  by  weight  which  100  grains  of  it  can  serve  to  generate. 

Since  one  atom  of  pure  manganese  (44  grains),  in  producing  36  grains  of  chlorine, 
consumes  2  atoms  =  74  grains  of  hydrochloric  acid,  the  quantity  of  this  acid  expended 
from  the  graduated  tubes,  beyond  the  due  proportion  of  chlorine  obtained,  will  show 
how  much  of  the  acid  is  unprofitably  consumed  by  foreign  substances  in  the  man- 
ganese. In  fact,  every  grain  of  chlorine  should,  with  pyrolusite,  be  generated  by  an 
expenditure  of  little  more  than  2  grains  of  real  muriatic  acid,  or  10  grains  weight  of 
the  dilute  acid,  =  about  9  grain  measures  of  the  graduated  tube.  Liqmd  hydrochloric 
acid  of  specific  gravity  1-093  contains  in  1000  grain  measures  exactly  200  grams  of  real 
acid  Hence  100  grains  of  pure  pyrolusite  should  produce  about  82  grams  of  chlorme, 
and  consume  about  169  of  real  muriatic  acid  =845  grain  measures  of  liquid  acid, 
specific  gravity  1-093.  Instead  of  taking  100  grains  of  manganese  as  the  testing  dose, 
10  or  20  grains  may  be  taken,  according  to  the  dimensions  of  the  appai-atus  and  the 
exactness  of  the  operator.  j    *  j 

But  if  it  be  wished  to  obtain  direct  per  centages  of  manganese  by  the  graduated 
tubes  without  the  trouble  of  reduction,  then  for  a  dose  of  10  grains  take  a  solution  of 
fresh  Kreen  copperas  (free  from  adhering  moisture),  contammg  632  grains  m  10,000 
grain  measures  Proceed  as  above  directed.  If  the  manganese  be  a  pure  peroxide 
10  grains  of  it  will  generate  as  much  chlorine  as  will  peroxidise  exactly  1000  gi  am 
measures,  or  100  degrees  by  the  test-tube  of  the  copperas  solution.  But  if  the  man- 
canes"  contain  only  40  or  50  per  cent,  of  peroxide,  then  40  or  50  centigrade  measures 
of  the  saTd  solution  will  be  equivalent  to  the  chlorine  evolved  from  it  by  the  reaction 

°'  lYtt  object  i'sfn  the  other  hand  to  obtain  direct  indications  as  to  then  a 

test  solution  of  copperas,  containing  772  grains  in  10-000  gram  measures  wfll  serve 
show,  by  the  peroxidisement  of  each  10  grain  measures,  or  of  one  degree  of  the  cen 
tesimal  scale  of  the  test  tube,  the  reaction  of  one  grain  of  f  l"™]^  ^'^^^^^^^ 
bleaching,  &c.  in  the  chloride  of  lime  or  of  soda,  &c.    The  flf°Zol oiiro^^^^ 
should  be  kept  in  weU-corked  bottles,  containing  a  little  powdered  sulphuret  of  iron  at 
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tlicir  bottom,  -which  is  to  be  shaken  up  occasionally  in  order  to  preserve  the  iron  in 
the  state  of  protoxide. 

The  manganese  should  always  be  treated  -with  dilute  nitric  acid  before  submitting 
it  to  the  above-described  ordeal ;  and  if  it  exhibits  effervescence,  100  grains  of  it 
should  be  digested  -with  the  acid  for  a  sufficient  time  to  dissolve  out  all  the  carbonates 
present,  then  thrown  upon  a  filter,  washed  and  dried  before  weighing  it  for  the  test- 
ing operation.  The  loss  of  weight  thereby  sustained  denotes  the  percentage  of  car- 
bonates, and  if  calcareous  it  will  measure  the  waste  of  acid  that  would  ensue  from  that 
source  alone,  in  using  that  manganese  for  the  production  of  chlorine. 

That  manganese  is  most  chlorogenous  which  contains  no  carbonates,  the  least  pro- 
portion of  oxide  of  iron,  and  of  sesquioxide  of  manganese. 

Another  method  of  determining  the  commercial  value  of  peroxide  of  manganese 
is  that  of  Drs.  Fresenius  and  Will.  This  method  is  grounded  upon  the  fact  that 
when  peroxide  of  manganese  is  treated  by  oxalic  acid,  or  oxalate  of  potash  in 
presence  of  an  excess  of  sulphuric  acid,  the  result  is  sulphate  of  protoxide  of 
manganese,  carbonic  acid  being  at  the  same  time  evolved,  as  shown  by  the  followine 
Oxalic  acid.  •'  ° 

equation:  — MnO'  +  SO=+C=0»=MnO,SO'  +  2CO^  That  is  to  say,  one  equivalent 
of  peroxide  of  manganese,  under  the  influence  of  sulphuric  acid,  parts  with  one 
equivalent  of  oxygen,  which  is  transposed  to  the  three  equivsilents  of  oxygen  of  the 
oxalic  acid,  thus  forming  two  equivalents  of  carbonic  acid,  which  escape  in  the  state 
of  gas,  so  that  the  loss  of  weight  resulting  from  this  escape  of  carbonic  acid  is, 
practically  speaking,  equal  to  the  weight  of  peroxide  of  manganese. 

The  apparatus  employed  by  Drs.  Fresenius  and  Will  is  absolutely  the  same  as  that 
which  we  represented,^;^.  35,  in  the  article  on  Alkaiimetrt,  and  which  we  reproduce 
here,  the  modus  operandi  being  as  follows : 

Into  bottle  a  introduce  43"6  grains  (one  equivalent) 
of  the  manganese  to  be  examined,  previously  well 
pulverised  and  levigated;  and  likewise  100  grains  of 
neutral  oxalate  of  potash,  which  may  be  prepared 
by  saturating  ordinary  oxalate  of  potash  with  car- 
bonate of  potash,  and  evaporating  to  crystallisation. 
The  neutral  oxalate  of  potash  should  be  pulverised. 

This  being  done,  fill  now  bottle  b  with  concentrated 

sulphuric  acid  to  about  one-third  of  its  capacity. 

Cork  flasks  a  and  b  up  air-tight,  and  thus  connect 

them  into  one  twin-apparatus,  and  weigh  the  whole 

accurately.    Close  the  opening  h  of  the  tube  of 

bottle  A  with  a  small  pellet  of  wax,  and  suck  a  little 

air  at  d  so  as  to  produce  a  vacuum  in  bottle  a,  and 

thus  cause  a  little  of  the  sulphuric  acid  of  bottle  b 

to  pass  into  it.    The  oxygen  of  the  manganese  will 

then  react  upon  the  oxalic  acid,  which  will  be 

thereby  converted  into  carbonic  acid,  which  passing 

through  the  concentrated  sulphuric  acid  in  bottle  b 

will  be  deprived  of  its  moisture  by  it,  and  finally 

escape  through  the  tube  d.  As  soon  as  the  dis-  i 
engagement  of  carbonic  acid  ceases,  the  operator  should  repeat  the  same  mancEuvre, 
that  IS  to  say,  he  should  suck  up  again  at  d,  in  order  to  cause  fresh  portions  of 
sulphuric  acid  to  pass  from  bottle  b  into  bottle  a,  and  so  on,  until  bubbles  of  gas  are 
no  longer  disengaged.  When  the  last  portion  of  sulphuric  acid  thus  sucked  up  fails 
m  producing  a  disengagement  of  carbonic  acid,  the  operator  removes  the  little  wax 
stopper,  and  again  applying  his  lips  to  the  tube  d,  sucks  the  air  in  order  to  sweep  the 
carbonic  acid  from  the  apparatus,  and  replace  it  by  common  air,  the  suction  bein"- 
continued  as  long  as  a  taste  of  carbonic  acid  is  perceptible.  When  the  apparatus' 
which  has  become  very  hot  during  the  reaction  of  the  sulphuric  acid,  has  become  cold' 
It  IS  weighed  again ;  the  loss  of  weight  indicates  the  amount  of  pure  peroxide  of 
of^mangaifesT^^  ^""^'^  of  carbonic  acid  representing  very  nearly  one  grain  of  peroxide 

In  this  mode  of  treatment,  it  is,  of  course,  absolutely  necessary  to  treat  the 
manganese  ore  with  dilute  nitric  acid,  as  mentioned  at  the  beginning  of  this  article 
in  order  to  remove  any  carbonate  which  might  be  present.  ' 
_  The  economy  of  any  sample  of  manganese  in  reference  to  its  consumption  of  acid 
in  generatmg  a  given  quantity  of  chlorine,  may  be  ascertained  also  by  the  oxalic  acid 
?nd  of  !!'irnr°V''1  V^ro:.\A<,,  with  93  grains  of  neutral  oxalate  of  potash, 
and  98  of  oil  of  vitriol  disengage  44  grains  of  carbonic  acid,  and  afford  a  complete 
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neutral  solution;  because  the  one  half  of  the  sulphuric  acid,  =49  gi-ains,  goes  to  form 
an  atom  of  sulphate  of  manganese,  and  the  other  half  to  form  an  atom  of  sulphate  of 
potash.  * 

The  deficiency  in  the  weight  of  carbonic  acid  thrown  off  will  show  the  deficiency  of 
peroxide  of  manganese;  the  quantity  of  free  sulphuric  acid  may  be  measured  by  a  test- 
sohition  of  bicarbonate  of  potash,  and  the  quantity  neutralised,  compared  to  the  car- 
bonic gas  produced,  will  show  by  the  ratio  of  98  to  44,  the  amount  of  acid  unprofitably 
consumed. —  A.  N. 

CHLOROPHANE.  A  name  given  to  some  of  the  varieties  of  fiuor  spar.  See 
Fluor  Spar. 

CHOCOLATE.  (Eng.  and  Germ, ;  Cliocolat,  Fr.)  Is  an  alimentary  prepara- 
tion of  very  ancient  use  in  Mexico,  from  which  country  it  was  introduced  into 
Europe  by  the  Spaniards  in  the  year  1520,  and  by  them  long  kept  a  secret  from  the 
rest  of  the  world.  Linnaeus  was  so  fond  of  it,  that  he  gave  the  specific  name, 
theobroma,  food  of  the  gods,  to  the  cacao  tree  which  produced  it.  The  cacao-beans 
lie  in  a  fruit  somewhat  lilie  a  cucumber,  about  5  inches  long  and  thick,  which 
contains  from  20  to  30  beans,  arranged  in  5  regular  rows  with  partitions  between, 
and  which  are  surrounded  with  a  rose-coloured  spongy  substance,  like  that  of  water 
melons.  There  are  fruits,  however,  so  large  as  to  contain  from  40  to  50  beans. 
Those  grown  in  the  West  India  islands,  Berbice,  and  Demerara,  are  much 
smaller,  and  have  only  from  6  to  15;  their  development  being  less  perfect  than  in 
South  America.  After  the  maturation  of  the  fruit,  when  their  green  colour 
has  changed  to  a  dark  yellow,  they  are  plucked,  opened,  their  beans  cleared  of 
the  marrowy  substance,  and  spread  out  to  dry  in  the  air.  Like  almonds,  they 
are  covered  with  a  thin  skin  or  husk.  In  the  West  Indies  they  are  immediately 
packed  up  for  the  market  when  they  are  dried ;  but  in  the  Caraccas  they  are  sub- 
jected to  a  species  of  slight  fermentation,  by  putting  them  into  tubs  or  chests,  covering 
them  with  boards  or  stones,  and  turning  them  over  every  morning,  to  equalise  the 
operation.  They  emit  a  good  deal  of  moisture,  lose  the  natural  bitterness  and  acri- 
mony of  their  taste  by  this  process,  as  well  as  some  of  their  weight.  Instead  of 
wooden  tubs,  pits  or  trenches  dug  in  the  ground  are  sometimes  had  recourse  to  for 
curing  the  beans  ;  an  operation  called  earthing  (terrer).  They  are  lastly  exposed  to 
the  sun  and  dried.  The  latter  kind  are  reckoned  the  best,  being  larger,  rougher,  of 
a  darker  brown  colour,  and  when  roasted,  throw  off  their  husk  readily,  and  split  into 
several  irregular  fragments ;  they  have  an  agreeable  mild  bitterish  taste,  without 
acrimony.  The  Guiana  and  West  India  sorts  are  smaller,  flatter,  smoother-skinned, 
lighter  coloured,  more  sharp  and  bitter  to  the  taste.  They  answer  best  for  the  ex- 
traction of  the  butter  of  cacao,  but  afford  a  less  aromatic  and  agreeable  chocolate. 
According  to  Lampadius,  the  kernels  of  the  West  India  cacao  beans  contain,  in  100 
parts,  besides  water,  53-1  of  fat  or  oil,  16-7  of  an  albuminous  brown  matter,  which 
contains  all  the  aroma  of  the  bean,  10-91  of  starch,  7|  of  gum  or  mucilage,  0-9  of  lig- 
nine,  and  2-01  of  a  reddish  dye  stuff,  somewhat  akin  to  the  pigment  of  cochineal. 
The' husks  form  12  per  cent,  of  the  weight  of  the  beans;  they  contain  no  fat,  but, 
besides  lignine,  or  woody  fibre,  which  constitutes  half  their  weight,  they  yield  a  light 
brown  mucilaginous  extract  by  boiling  in  water.  The  fatty  matter  is  of  the  con- 
sistence of  tallow,  white,  of  a  mild  agreeable  taste,  called  butter  of  cacao,  and  not  apt 
to  turn  rancid  by  keeping.  It  melts  only  at  122°  Fahr.,  and  should,  therefore,  make 
tolerable  candles.  It  is  soluble  in  boiling  alcohol,  but  precipitates  in  the  cold.  It  is 
obtained  by  exposing  the  beans  to  strong  pressure  in  canvass  bags,  after  they  have 
been  steamed  or  soaked  in  boiling  water  for  some  time.  From  .5  to  6  ounces  of  butter 
may  be  thus  obtained  from  a  pound  of  cacao.  It  has  a  reddish  tinge  when  first 
expressed,  but  it  becomes  white  by  boiling  with  water. 

The  beans,  being  freed  from  all  spoiled  and  mouldy  portions,  are  to  be  gently 
roasted  over  a  fire  in  an  iron  cylinder,  with  holes  in  its  ends  for  allowing  the  vapours 
to  escape  ;  the  apparatus  being  similar  to  a  coffee-roaster.  When  the  aroma  begins 
to  be  well  developed,  the  roasting  is  known  to  be  finished ;  and  the  beans  must  be 
turned  out,  cooled,  and  freed  by  fanning  and  sifting  from  their  husks.  The  kernels 
are  tlien  to  be  converted  into  a  paste  by  trituration  in  a  mortar  heated  to  130°  1  ahr.,  or 
by  the  following  ingenious  and  powerful  machine.  The  chocolate  paste  has  usually 
in  France  a  little  vanilla  incorporated  with  it,  and  a  considerable  quantity  of  sugar,  which 
varies  from  one-third  of  its  weight  to  equal  parts.  For  U  lbs.  of  cacao  one  pod  of 
vanilla  is  sufficient.    The  roasted  beans  soon  lose  their  flavour  by  exposure  to  the  air. 

Fiq.  460  represents  the  chocolate  mill.  Upon  the  sole  a,  made  of  marble,  six 
conical  rollers  B  b  are  made  to  run  by  the  revolution  of  the  upright  axis  or  shaft 
q,  driven  by  the  agency  of  the  fly  wheel  E  and  bevel  wheels  i  k.  Ihe  sole  a 
Jests  upon  a  strong  iron  plate,  which  is  heated  by  a  small  stove,  mtroduced  at  e 
door  h!    The  wooden  framework  f  forms  a  ledge,  a  few  inches  high,  round  the 
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marble  slab,  to  confine  the  cocoa  in  the  act  of  trituration,  c  is  the  hopper  of  the  mill 
through  which  the  roasted  beans  are  introduced  to  the  action  of  the  rollers,  passing 


first  mto  the  flat  vessel  b,  to  be  thence  evenly  distributed.  After  the  cacao  has 
received  the  first  tnturation,  the  paste  is  returned  upon  the  slab,  in  order  to  be  mixed 
with  the  proper  quantity  of  sugar  and  vanilla,  previously  sliced  and  ground  up  with 
^  -.'i  i    ,    '"S""/  ^^"^  chocolate  is  sufficiently  worked,  and  while  it  is  thin 

with  the  heat  and  trituration,  it  must  be  put  carefully  into  the  proper  moulds  If 
introduced  too  warm,  it  wiU  be  apt  to  become  damp  and  dull  on  the  surftice  •  aiid  if 
too  cold  It  will  not  take  the  proper  form.  It  must  be  previously  well  kneaded  with 
the  hands  to  insure  the  expulsion  of  every  air  bubble. 

+ni°  cliocolate  mills  on  this  construction  are  very  common,  but  they  are 

fZt  %l  liorse-gin  set  to  work  in  the  under  story,  corresponding  to  H  in  the  above 
figure.  The  shaft  g  is,  in  this  case,  extended  down  through  the  marble  slab  and  is 
surrounded  at  its  centre  with  a  hoop  to  prevent  the  paste  coming  into  contact  with  it 
Each  of  these  horse-miUs  turns  out  about  ten  pounds  of  fine  chocolate  in  the  hour 
from  a  slab  two  feet  seven  inches  in  diameter.  ' 

Chocolate  is  flavoured  with  cinnamon  and  cloves  in  several  countries  instead  of 
he  more  expensive  vanilla.    In  roasting  the  beans  the  heat  shouW  brat  first  verv 
tZ..Tfr'  humidity  to  escape;  a  quick  fire  hardens  the  surface  and 

hi  w!n      r'T'-        P'^"'''^.*^  paste  into  the  tin  plate,  or  other  mouTdr't  must 
be  well  shaken  dovvn,  to  insure  its  filling  up  all  the  cavities,  and  giving  the  sharn  and 
polished  impression  so  much  admired  by  connoisseurs.    Chocolate  is  someHrnprL  , 
tenued  with  starch ,  in  which  case  it  will  form  a  pasty  consfstenced  mass  wtTtreated 
with  boiling  water.    The  hai-der  the  slab  upon  which  the  beans  -irrtTitn^.f  ! 

mm  2        tl'-^^  P-Pl'yry  is  far  preferab/to  marbll    The  grLd^^^^^^^^^ 
mill  should  be  made  of  iron,  and  kept  very  clean  ^  ^ 

Fig.  461  represents  the  chocolate  mills  at  the  victuaUinff-vard  Dentfnrfl  rr,^  *  j 
by  the  celebrated  engineers,  Messrs.  Rennie.  The^frrfour  douhlJ  ^n?^? 
A,  B,  c,  D,  each  three  feet  in  diameter,  of  which  the  nethir  rl  f  =  ^°'i^l\m'»-stones, 
iron,  like  a  drum-head,  kept  at  the  temperature  of  SuT 'ooo  bP^^^/^-"'  '""'K 
steam  to  the  case  below.  Over  each  mill  there  il  V  fcL'  i  ^  ^  admission  of 
communication  by  the  pipes  5  6  7  S  ^d  h  the  Inp.M  °^  ^"PP""'  ^'  ~'  3.  in 
floor  above  with  cocoa  through  Ve  SlnTel  plaLd  orefir'Th"^^  ^,  oh.rged  upon  the 
turn  these  mills  are  marked  f  g  h  l   thov  -frp  K     ,^  ^^"^'"^^^  "'^afts  which 

above,  which  are  driven  by  an  amVrom  t^fe  main  shSt  ^^^^l-^heels 
mill  can,  of  course,  be  thrLn  in  and  ou  of  gear  aJlasme'  ITrTr^.  ^^"^ 
charge-spout  is  shown,  which  pours  out  the  semi  flnir  w  \  ,  '  ^'  <i'8- 
cylindrical  tin  pans,  capable  o/  contain  ng  abou  tfne  poLds^of T"?  '""'''^^ 
Ihese  four  mills  are  capable  of  convertins  iinw-ir,^s  nf  o  ?  chocolate  each, 

colate  in  a  day,  on  the  system  of  double^tKn  °^  '"'"^       ^ood  cho- 
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Fig.  462  is  an  end  view  of  one  of  tlie  chocolate  mills,  with  its 
mitre-gearing. 

Our  importations  of  cocoa  and  chocolate,  and  the  husks  or 
shells  of  the  cacao  tree,  were  in  1856  as  follows  :— 

Computed  real  value. 
Cocoa  in  the  nut       -       -    7,343,475  lbs.     -  £167,878 
Chocolate  or  cocoa  paste    -        34,007  lbs.     -  1,383 
Cocoa  husks  and  shells      -         7,376  cwts.  -  1,948 

CHROMATES,  saline  compounds  of  chromic  acid  with 
bases.  See  Chromium  and  Chromic  Acm. 

CHROMATES  OF  POTASH.  (For  the  preparation  of  these 
salts  refer  to  Chrome  Iron.)  Bichromate  of  potash  by  slow  cooling, 
may  be  obtained  in  the  form  of  square  tables,  with  bevelled  edges, 
or  flat,  four-sided  prisms.  They  are  permanent  in  the  air,  have 
a  metallic  and  bitter  taste,  and  dissolve  in  about  one-tenth  ot 
their  weight  of  water  at  60°  F.,  but  iu  one  half  of  their  wciglit  of 
boiling  water.    The  composition  of  bicliromate  of  potash  is 
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Potash  31-6 
Chromic  acid      ....         -  C8'4 


100-0 


That  of  the  neutral  Chromate  of  Potash  is 

Potash    -  -  -  -  -  -  48-0 

Chromic  acid      -  -  -  -  -  52-0 


100-0 


These  salts  are  much  employed  in  Cauco  Printing  and  in  Dyeing,  which  see. 
The  value  of  a  solution  of  chromate  of  potash,  if  it  be  tolerably  pure,  may  be  in- 
ferred from  its  specific  gravity  by  the  following  table :  — 

At  specific  gravity  1-28  it  contains  about  50  per  cent  of  the  salt. 

»  "  ^'21        »  ,,  33  ,,  „ 

"  »  »  )>  25  „  „ 

„  „  20 

»  "  1'12        „  „  16  „  „ 

"  "  I'll        »  »  14  „  „ 

1-10  »  12 

_  In  maHng  the  red  bichromate  of  potash  from  these  solutions  of  the  yellow  salt, 
nitnc  acid  was  at  first  chiefly  used :  but  in  consequence  of  its  relatively  high  price, 
sulphuric,  muriatic,  or  acetic  acid  has  been  frequently  substituted  upon  the  large 

Chromate  of  Potash,  adulteration  of,  to  detect.— rhe  chromate  of  potash  has  the 
power  of  combmmg  with  other  salts  up  to  a  certain  extent  without  any  very  sensible 
change  in  its  form  and  appearance ;  and  hence  it  has  been  sent  into  the  market 
falsified  by  very  considerable  quantities  of  sulphate  and  muriate  of  potash,  the  pre- 
sence of  which  has  often  escaped  observation,  to  the  great  loss  of  the  dyers  who  use 
^vT"'?i.^^*^°^'^'^'^'    '^^^  foUowing  test  process  has  been  devised  by  M.  Zuber  of 
Mulhouse.    Add  a  large  excess  of  tartaric  acid  to  the  chromate  in  question,  which 
will  decompose  it,  and  produce  in  a  few  minutes  a  deep  amethyst  colour  The 
supernatant  liquor  will,  if  the  chromate  be  pure,  afFord  now  no  precipitate  with  the 
nitrates  of  barytes  or  silver;  whence  the  absence  of  the  sulphates  and  muriates  may 
be  inferred.    We  must,  however,  use  dilute  solutions  of  the  chromate  and  acid,  lest 
bitartrate  of  potash  be  precipitated,  which  wUl  take  place  if  less  than  60  parts  of 
water  be  employed.    Nor  must  we  test  the  liquid  tUl  the  decomposition  be  complete 
and  till  the  colour  verge  rather  towards  the  green  than  the  yellow.    Eight  parts  of 
tartaric  acid  should  be  added  to  one  of  chromate  to  obtain  a  sure  and  rlpid^re  ult 
]irZtltr^     (saltpetre)  is  the  adulterating  ingredient,  it  may  be  detected  by 
throwing  It  on  burning  coals,  when  deflagration  wUl  ensue.   The  green  colour  is  a  cer- 
tain mark  of  the  transformation  of  the  chromic  acid  partially  into  the  chrome  oxide  • 
which  IS  etfected  equally  by  the  sulphurous  acid  and  sulphuretted  hydrogen.    Hei^  this 
metallic  acid  is  disoxygenated  by  the  tartaric,  as  has  been  long  known.    The  teste 
which  I  should  prefer  are  the  nitrates  of  silver  and  baryta,  havinf  previously  added  so 
much  mtric  acid  to  the  solution  of  the  suspected  chromat^,  as  to  prevent  the  preS^^ 

A  mixture  of  sulphate  of  soda  and  chloride  of  sodium  tinged  with  strong  solution  of 

P"<^  bichromate  of  potash.-H.  M  N  ^ 

v«H^  «  ^>,^/^^  ^\  y<="°^  «f  tl^e  painter,  is  a  rich  pigment  of 

various  shades  from  deep  orange  to  the  palest  canary  yellow    It  is  made  bf^^H  ni 

is  obtamed  by  mixing  some  solution  of  alum  or  sulphm^  acid  wllf  ,L  V 
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quantity  necessary  to  convert  the  oxide  of  lead  into  sulpliate  is  added.  The  clear 
liquid  contatnB  acetic  acid  and  may  be  drawn  off,  and  preserved  for  the  preparation 
of  fresh  acetate  of  lead.  The  sulphate  of  lead  is  wa'Shed  and  treated  with  a  hot  solu- 
tion of  neutral  chromate  of  potash,  23  parts  being  used  for  every  75  parts  of  sulphate 
of  learL  The  liquid  then  contains  sulphate  of  potash  which  may  be  made  available 
and  the  precipitate  consists  of  chromate  of  sulphate  of  lead.  ' 

To  prepare  chrome  red,  Runge  directs  an  intimate  mixture  to  be  made  of  448  lbs 
of  litharge,  60  lbs.  of  common  salt,  and  500  lbs.  of  water.  As  soon  as  the  mass 
becomes  white  and  swells  up  considerably,  more  water  is  added  to  prevent  it  from 
becoming  too  hard.  After  four  or  five  days,  the  mass  becomes  a  compound  of  chloride 
and  hydrated  oxide  of  lead.  Without  separating  the  mother  liquor,  which  contains 
undecomposed  chloride  of  sodium  and  soda,  150  lbs.  of  powdered  bichromate  of  potash 
are  to  be  added,  and  the  whole  well  stirred  together,  and  finally  washed. 

Liebig  and  Wohler  have  lately  contrived  a  process  lor  producing  a  subchromate  of 
lead  of  a  beautiful  vermilion  hue.  Into  saltpetre,  brought  to  fusion  in  a  crucible  at 
a  gentle  heat,  pure  chrome  yellow  is  to  be  thrown  by  small  portions  at  a  time.  A 
strong  ebullition  takes  place  at  each  addition,  and  the  mass  becomes  black,  and  con- 
tinues so  while  it  is  hot.  The  chrome  yellow  is  to  be  added  till  little  of  the  saltpetre 
remains  undecomposed,  care  being  taken  not  to  overheat  the  crucible,  lest  the  colour 
of  the  mixture  should  become  brown.  Having  allowed  it  to  settle  for  a  few  minutes 
during  which  the  dense  basic  salt  falls  to  the  bottom,  the  fluid  part,  consisting  of 
chromate  of  potash  and  saltpetre  is  to  be  poured  off,  and  it  can  be  employed  again 
in  preparing  chrome  yellow.  The  mass  remaining  in  the  crucible  is  to  be  washed 
with  water,  and  the  chrome  red  being  separated  from  the  other  matters,  it  is  to  be 
dried  after  proper  edulcoration.  It  is  essential  for  the  beauty  of  the  colour,  that  the 
saline  solution  should  not  stand  long  over  the  red  powder,  because  the  colour  is 
thus  apt  to  become  of  a  dull  orange  hue.  The  fine  crystalline  powder  subsides  so 
quickly  to  the  bottom  after  every  ablution,  that  the  above  precaution  may  be  easily 
observ.ed. 

C  HROME  IRON.  The  only  ore  of  chromium  which  occurs  in  sufficient  abundance 
for  the  purposes  of  art,  is  the  octohedral  chrome  ore,  commonly  called  chromate  of  iron, 
though  it  is  rather  a  compound  of  the  oxides  of  chromium  and  iron.  The  fracture  of 
this  mineral  is  imperfect  conchoidal,  or  uneven.  Hardness =5'5  ;  specific  gravity  4'4 
to  4'5  ;  but  the  usual  chrome  ore  found  in  the  market  varies  from  3  to  4.  Its  lustre  is 
semi-metallic  or  resinous;  colour,  iron  or  brownish  black;  streak,  yellowish  to  reddish 
brown.  It  is  sometimes  magnetic.  Before  the  blowpipe  it  is  infusible  alone,  but  in 
borax  it  is  slowly  soluble,  forming  a  beautiful  emerald  green  bead;  fused  with  nitre 
it  forms  a  yellow  solution  in  water. 

Chrome  ore  was  first  discovered  in  the  Var  department  in  France;  it  is  also  found 
in  Saxony,  Silesia,  Bohemia,  and  Styria;  in  Norway  at  Roraas  :  in  the  Ural  near 
Katherinenberg  ;  in  the  United  States  at  the  Barehills  near  Baltimore,  Chester  in 
Massachusets,  and  Hoboken  in  New  Jersey.  In  Scotland  it  is  found  in  the  parishes 
of  Kildrum  and  Towie  in  Aberdeenshire;  in  the  limestone  near  Portsoy  in  Banffshire; 
near  Ben  Lawes  in  Perthshire  ,  and  at  Buchanan  in  Stirlingshire.  It  occurs  massive 
and  in  considerable  quantity  at  Swinaness,  and  Haroldswick  in  Unst,  one  of  the 
Shetlands ;  also  in  Fetlar  and  in  other  of  the  smaller  Shetland  Islands. 

Composition  of  Chrome  Iron  Ores. 


1. 

2. 

3. 

4. 

5. 

Sesquioxide  of  Chromium  - 
Protoxide  of  Iron      -       -  - 
Alumina  .       -       -       -  - 
Magnesia  -       -       -       -  - 
Silica  -           -      -       -  - 

36-  0 

37-  0 
21-5 

5-0 

54-08 
25-66 
9-02 
5-36 
4-83 

39-51 
36-00 
13-00 

10-60 

60-04  ■ 
20-13 
11-85 
7-45 

43-00 
34-70 
20-30 

2-00 

99-5 

98-95 

99-11 

99-47 

100-00 

(1)  from  St.  Domingo,  an.ilyscd  by  Berthier;  (2)  from  Roraas,  in  Norway,  analysed  by  Von  Kobell; 
(3)  from  Baltimore,  analysed  by  Seybert ;  (4)  crystallised,  from  Baltimore,  analysed  by  Abich  j  (5)  ana- 
lysed by  Klaproth. 

The  chief  application  of  this  ore  is  to  the  production  of  Chromate  of  Potash, 
from  which  salt  the  various  other  preparations  of  this  metal  used  in  the  arts  are 
obtained. 


CHROME  IRON. 


685 


Treatment  of  the  Ore.  According  to  the  old  method  it  is  reduced  to  a  fine  powder, 
by  being  ground  in  a  mill  under  ponderous  edge  wheels,  and  sifted.  It  is  then  mixed 
with  one  third  or  one  half  its  weight  of  coarsely  bruised  nitre,  and  exposed  to  a 
powerful  heat  for  several  hours,  on  a  reverberatory  hearth,  where  it  is  stirred  about 
occasionally.  In  the  large  manufactories  of  this  country,  the  ignition  of  the  above 
mixture  in  pots  is  laid  aside  as  too  operose  and  expensive.  The  calcined  matter  is 
raked  out  and  lixiviated  with  water.  The  bright  yellow  solution  is  then  evaporated 
briskly  and  the  chromate  of  potash  falls  down  in  the  form  of  a  granular  salt,  which  is 
lifted  out  from  time  to  time  from  the  bottom  with  a  large  ladle,  perforated  with  small 
holes,  and  thi'own  into  a  draining  box.  The  saline  powder  maybe  formed  into  regular 
crystals  of  neutral  Chromate  of  Potash,  by  solution  in  water  and  slow  evaporation  : 
or  it  may  be  converted  into  a  more  beautiful  crystalline  body,  the  bichromate  of 
potash,  by  treating  its  concentrated  solution  with  nitric,  muriatic,  sulphuric,  or  acetic 
acid,  or  indeed  any  acid  exercising  a  stronger  afiinity  for  the  second  atom  of  the 
potash,  than  the  chromic  acid  does. 

The  fii'st  great  improvement  in  this  manufacture  was  the  dispensing  with  nitre, 
and  oxidising  entirely  by  means  of  air  admitted  into  the  reverberatory  furnace,  in 
which  the  ore  mixed  with  carbonate  of  potash  is  calcined.  Stromeyer  afterwards 
suggested  the  addition  of  lime,  by  which  the  oxidation  was  much  quickened,  and  Mr. 
Charles  Watt  substituted  the  sulphates  of  potash  and  soda  for  the  nitrates  of  those 
alkalies.  The  sulphate  was  first  intimately  mixed  with  the  ground  ore,  and  then  the 
lime  well  incorporated  with  the  mixture,  which  was  heated  to  bright  redness,  for  four 
hours  with  frequent  stirring. 

In  1847  Mr.  Tighman  obtained  a  patent  for  the  use  of  felspar  in  the  manufacture 
of  certain  alkaline  salts,  and  amongst  them  of  chromate  of  potash  :  he  directs  4  parts 
by  weight  of  felspar,  4  parts  of  lime,  or  an  equivalent  quantity  of  carbonate  of  lime, 
and  one  part  of  chromic  ore,  all  in  fine  powder,  to  be  intimately  mixed  together,  and 
kept  at  a  bright  red  heat  for  from  18  to  20  hours  in  a  reverberatory  furnace,  the  mix- 
ture being  turned  over  frequently,  so  that  all  parts  may  be  exposed  equally  to  heat 
and  air;  the  temperature  is  not  to  rise  high  enough  to  cause  even  incipient  fusion,  and 
the  charge  should  be  kept  in  a  porous  state ;  when,  on  being  examined,  the  charge  is 
found  to  contain  the  proper  quantity  of  alkaline  chromate,  it  is  withdrawn  from  the 
furnace,  and  lixiviated  with  water. 

Mr.  Swindell  mixes  the  powdered  ore  with  an  equal  weight  of  common  salt,  muriate 
of  potash,  or  hydrate  of  lime,  and  exposes  the  mixture  to  a  full  red  heat,  passing  over 
it  while  in  fusion  highly  heated  steam,  and  stirring  it  everv  10  or  15  minutes;  the 
hydrochloric  acid  and  iron  escape  in  the  form  of  sesquichloride  of  iron. 

In  treating  chromium  (chromate  of  iron),  the  ore  is  pulverised  and  mixed  with 
common  salt,  muriate  of  potash,  or  hydrate  of  lime,  and  exposed  in  a  reverberatory 
furnace  to  a  red  or  even  a  white  heat,  the  mixture  being  stirred  every  ten  or  fifteen 
minutes,  and  steam  at  a  very  elevated  temperature  introduced  during  the  operation 
until  the  desired  effect  is  obtained,  which  may  be  ascertained  by  withdrawing  a 
portion  from  the  furnace  and  testing  it,  as  customary.  The  products  of  this  operation 
are  fanally  treated  m  the  manner  usual  for  the  chromic  and  bichromic  salts. 

The  mixture  of  chromium  and  common  salt  produces  chromate  of  soda,  the  greater 
portion,  or  perhaps  all  of  the  iron  contained  in  the  chromium  being  absorbed  by  the 
hydrochloric  acid  evolved  from  the  salt,  and  carried  off  in  the  form  of  sesquichloride 
of  iron.  From  the  first  mixture  is  manufactured  pure  bichromate  of  soda  which  by 
the  addition  of  hydrochloric  acid,  may  be  converted  to  chlorochromate  ;  and  from'the 
last,  or  lime  mixture,  is  produced  a  chromate  of  that  earth,  from  which  by  the 
addition  of  soda  or  potash,  there  may  be  obtained  a  compound  salt,  which,  with  those 
previously  mentioned,  may  be  advantageously  employed. 

M.  Jacquelin  first  prepares  chromate  of  lime  by  calcining  at  a  bright  red  heat  in 
a  reverberatory  furnace,  for  9  or  10  hours,  an  intimate  mixture  of  chalk  and  <.hrome 
ore.  Ihc  friable  and  porous  mass  is  then  crushed,  suspended  in  water,  and  sulphuric 
acid  added  until  the  hquid  slightly  reddens  blue  litmus  paper;  the  chromate  of  liSe 
Zt7-X^°T'''^'^'°  bichromate;  chalk  is  now  added,  until  the  whole  of  the 
sesquioxide  of  iron  is  precipitated,  and  the  clear  liquid,  ;hich  now  contains  only 
bichromate  of  lime  and  a  little  sulphate,  may  be  used  tbr  the  preparaLn  of  The  in 
soluble  chromates  of  lead,  zmc,  baryta,  &c.,  by  mixing  it  with  the  acetates  or  chTnv;^ 
o  these  metals.  To  prepare  bichromate  of  potash,  tfe  bicSomate  TwSS^^^ 
^H.h  t     V^°'^°f'''  f  P°*^'^'  ^^^'^^  Si^'^'  ™e  to  insoluble  ca -borate  ot^l  me 

rnte/irt^o:r;Siis^^  ^  ^"'"""'^  "^■'''^^••-^'^  "^p--'^  -"ch  is  Zii^:^ 
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fuinace,  protecting  it  carefully  from  tlie  air.  The  ore  is  by  this  means  decomposed 
ana  the  iron  reduced  to  the  metallic  state,  and  is  dissolved  out  by  dilute  sulplmric 
acid  ;  the  residue  is  washed  and  dried,  and  afterwards  mixed  with  carbonate  of  potash 
and  saltpetre,  and  heated  m  the  same  manner  that  the  chrome  ore  itself  is  heated  in 
the  process  usually  employed.  The  solution  of  sulphate  of  iron  is  evaporated  to 
crystallisation  so  as  to  produce  copperas  in  a  state  adapted  for  commerce. 

Analysis  of  Chroma  Iron  Ore — Various  methods  have  been  proposed.  The  foUowinff 
suggested  by  Mi-.  T.  S.  Hunt,  gives  accurate  results  :  —  The  ore,  finely  levigated  in  an 
agate  mortar,  is  mixed  with  10  or  12  times  its  weight  of  fused  bisulphate  of  potash,  and 
preserved  at  a  gentle  heat  for  about  half  an  hour.  The  fused  mass  is  extracted  with  hot 
water,  and  boiled  for  a  few  minutes  with  excess  of  carbonate  of  soda;  the  precipitate 
is  dried  and  fused  with  five  times  its  weight  of  a  mixture  of  equal  parts  of  nitre  and 
carbonate  of  soda,  in  a  platinum  or  silver  crucible.  The  mixture  is  kept  in  fusion  for 
10  or  1.5  minutes,  and  when  cold  is  extracted  with  water.  The  alkaline  chromate  thus 
obtained  may  be  precipitated  by  a  salt  of  lead,  or  it  may  be  supersaturated  by  hydro- 
chloric acid,  and  boiled  with  alcohol,  by  which  it  is  converted  into  chloride  of  chromium 
Irom  which  the  oxide  is  to  be  precipitated  by  adding  ammonia  in  excess  and  boiling 
for  a  few  minutes.  Chrome  iron  ore  is  so  difficult  of  decomposition,  that  the  method 
of  fusing  it  at  once  with  nitre  and  an  alkaline  carbonate  frequently  fails  in  oxidising 
the  whole  of  the  chromium  into  chromic  acid. 

Mr.  Calvert  mixes  the  well  pulverised  ore  with  three  or  four  times  its  weight  of  a 
mixture  made  by  slaking  quicklime  with  caustic  soda,  and  then  dries  and  calcines  the 
mass.  He  then  adds  one-fourth  part  of  nitrate  of  soda,  and  calcines  for  two  hours 
more,  by  which  time  he  finds  the  whole  of  the  chromium  is  converted  into  chromic 
acid.  _  Another  process,  which  Mr.  Calvert  finds  to  produce  good  results,  consists  in 
calcining  the  pulverised  chrome  ore  with  nitrate  of  baryta,  adding  a  little  caustic 
potash  from  time  to  time  towards  the  end  of  the  process. — H.  M.  N. 

CHROMIC  ACID.  There  are  several  methods  of  preparing  this  acid,  the  sim- 
plest consists  in  decomposing  bichromate  of  potash  by  oil  of  vitriol:  —  1.  An  excess 
of  oil  of  vitriol  is  mixed  with  a  warm  solution  of  bichromate  of  potash,  the  liquid 
is  poured  off  from  the  chromic  acid,  which  separates  in  small  red  crystals  ;  the  crys- 
tals are  drained  in  a  funnel  having  its  stem  partly  fiUed  with  coarsely  pounded  glass, 
and  are  afterwards  dried  on  a  porous  tile  under  a  bell  glass  :  2.  Mr.  Warrington  mixes 
10  measures  of  a  cold  saturated  solution  of  bichromate  of  potash  with  from  12  to  15 
measures  of  oil  of  vitriol  free  from  lead,  and  presses  the  red  acicular  crystals  which 
separate  as  the  liquid  cools,  between  porous  stones.  If  it  be  desired  to  remove  the 
last  traces  of  sulphuric  acid,  the  crystals  should  be  redissolved  in  water,  and  a  solution 
of  bichromate  of  baryta  should  be  added  in  quantity  just  sufficient  to  throw  down  the 
whole  of  the  sulphuric  acid  as  sulphate  of  baryta;  the  solution  may  be  recrystalUsed  by 
evaporation  in  vacuo.  3.  Meissner  prepares  the  acid  direct  from  chromate  of  baryta 
by  digesting  that  salt  with  a  quantity  of  dilute  sulphuric  acid,  not  sufficient  for 
complete  saturation;  the  solution  which  contains  chromic  acid  and  acid  chromate  of 
baryta  is  precipitated  by  the  exact  amount  of  sulphuric  acid  required,  so  that  the 
solution  is  neither  affected  by  sulphuric  acid,  nor  by  a  salt  of  baryta :  it  is  then 
evaporated  to  dryness. 

Chromic  acid  is  obtained  in  quadrangular  crystals,  of  a  deep  red  colour ;  it  has  a 
very  acrid  and  styptic  taste.  It  reddens  powerfully  litmus  paper.  It  is  deliquescent 
in  the  air.  When  heated  to  redness,  it  emits  oxygen  and  passes  into  the  deutoxide. 
When  a  little  of  it  is  fused  along  with  vitreous  borax,  the  compound  assumes  an 
emerald  green  colour. 

As  chromic  acid  parts  with  its  last  dose  of  oxygen  very  easily,  it  is  capable  in 
certain  styles  of  calico  printing  of  becoming  a  valuable  substitute  for  chlorine  where 
this  more  powerful  substance  would  not  from  pectiliar  circumstances  be  admissible. 
For  this  ingenious  application,  the  arts  are  indebted  to  that  truly  scientific  manufacturer, 
M.  Daniel  Koechlin,  of  Miilhouse.  He  discovered  that  whenever  chromate  of  potash 
has  its  acid  set  free  by  its  being  mixed  with  tartaric  or  oxalic  acid,  or  a  neutral 
vegetable  substance  (starch  or  sugar  for  example),  and  a  mineral  acid,  a  very  lively 
action  is  produced,  with  disengagement  of  heat,  and  of  several  gases.  The  result  of 
this  decomposition  is  the  active  reagent  chromic  acid,  possessing  valuable  properties 
to  the  printer.  Watery  solutions  of  chromate  of  potash  and  tartaric  acid  being  mixed, 
an  effervescence  is  produced  which  has  the  power  of  destroying  vegetable  colours. 
But  this  power  lasts  no  longer  than  the  effervescence.  The  mineral  acids  react  upon 
the  chromate  of  potash  only  when  vegetable  colouring  matter,  gum,  starch,  or  a 
vegetable  acid,  are  present  to  determine  the  disengagement  of  gas.  During  this 
curious  change  carbonic  acid  is  evolved ;  and  when  it  takes  place  in  a  retort,  there  is 
deused  in  the  receiver  a  colourless  liquid,  slightly  acid,  exhaling  somewhat  of  the 
;11  of  vinegar,  and  containing  a  little  empyreumatic  oil.    This  liquid  hcited  witu 
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the  nitrates  of  mercury  or  silver  reduces  these  metals.  On  these  principles  M. 
Kocchlin  discharged  indigo  blue  by  passing  the  cloth  through  a  solution  of  chroniate 
of  potash,  and  printing  nitric  acid  thickened  with  gum  upon  certain  spots.  It  is 
probable  that  the  employment  of  chromic  acid  would  supersede  the  necessity  of  having 
recourse  in  many  cases  to  the  more  corrosive  chlorine. — H.  M.  N. 

CHROMIUM.  The  metallic  base  of  the  oxide  of  chromium.  It  may  be  obtained 
by  exposing  to  a  very  high  temperature,  in  a  crucible  lined  with  charcoal,  an  intimate 
mixture  of  sesquioxide  of  chromium  and  charcoal.  The  spongy  mass  obtained  is 
powdered  in  an  iron  mortar,  and  mixed  with  a  little  more  sesquioxide  of  chromium 
(to  oxidise  as  much  as  possible  of  the  carbon)  ;  it  is  then  again  exposed  in  a  porcelain 
crucible  to  a  very  high  temperature,  when  a  coherent  metal  is  obtained.  This  metal 
is  greyish  in  colour,  hard,  and  brittle,  and  is  magnetic  at  low  temperatures.  It 
has  received  no  practical  applications. 

CHROMIUM,  OXIDE  OF.  The  green  oxide  of  chromium  has  come  so  extensively 
into  use  as  an  enamel  colour  for  porcelain,  that  a  fuller  account  of  the  best  modes  of 
manufacturing  it  must  prove  acceptable  to  many  of  our  readers. 

That  oxide,  in  combination  with  water,  called  the  hydrate,  may  be  economically 
prepared  by  boiling  chromate  of  potash,  dissolved  in  water,  with  half  its  weight  of 
flowers  of  sulphur,  till  the  resulting  green  precipitate  ceases  to  increase,  which  may  be 
easUy  ascertained  by  filtering  a  little  of  the  mixture.  The  addition  of  some  potash 
accelerates  the  operation.  This  consists  in  combining  the  sulphur  with  the  oxygen 
of  the  chromic  acid,  so  as  to  form  sulphuric  acid,  which  unites  with  the  potash  of  the 
chromate  into  sulphate  of  potash,  while  the  chrome  oxide  becomes  a  hydrate.  Au 
extra  quantity  of  potash  facilitates  the  deoxidisement  of  the  chromic  acid  by  the 
formation  of  hyposulphite  and  sulphuret  of  potash,  both  of  which  have  a  strong  attrac- 
tion for  oxygen.  For  this  purpose  the  clear  lixivium  of  the  chromate  of  potash  is 
sufEiciently  pure,  though  it  should  hold  some  alumina  and  silica  in  solution,  as  it 
generally  does.  The  hydrate  may  be  freed  from  particles  of  sulphur  by  heating  dilute 
sulphuric  acid  upon  it,  which  dissolves  it ;  after  which  it  may  be  precipitated,  in  the 
state  of  a  carbonate,  by  carbonate  of  potash,  not  added  in  excess. 

By  calcining  a  mixture  of  bichromate  of  potash  and  sulphur  in  a  crucible,  chromic 
acid  is  also  decomposed,  and  a  hydrated  oxide  mayalsobe  obtained;  the  sulphur  being 
partly  converted  into  sulphuret  of  potassium,  and  partly  into  sulphm-ic  acid  (at  the 
expense  of  the  chromic  acid),  which  combines  with  the  rest  of  the  potash  into  a 
sulphate.  By  careful  lixiviation,  these  two  new  compounds  may  be  washed  away, 
and  the  chrome  green  may  be  freed  from  the  remaining  sulphur,  by  a  slight  heat. 

Another  method  of  preparing  green  oxide  of  chromium,  is  to  mix  intimately  45 
parts  of  gunpowder  with  240  parts  of  perfectly  dry  chromate  of  potash,  and  35  parts 
of  hydrochlorate  of  ammonia  (sal  ammoniac),  reduce  to  powder,  and  pass  through  a 
fine  sieve  ;  fill  a  conical  glass  or  other  mould  with  this  powder,  gently  pressed  and 
mvert  so  as  to  leave  the  powder  on  a  porcelain  slab  of  any  kind.  When  set  on  fire 
at  Its  apex  with  a  lighted  match,  it  will  burn  down  to  the  bottom  with  brilliant  corus- 
cations. The  black  residuum,  being  elutriated  with  warm  water,  affords  afinebrieht 
green  oxide  of  chromium.  " 

Preparation  of  Green  Oxide  of  Chromium  for  calico-printing.— The  following  direc- 
tions are  given  by  De  Kerrur.  At  the  commencement  of  the  process  the  green 
hydrate  of  the  oxide  of  chromium  is  first  prepared  by  dissolving  4  kOosrammes  of 
bichromate  of  potash  in  22  litres  (39  pints)  of  boiling  water.  Then  into  a  boiler  or 
vessel  containing  1 08  htres  (24  gallons)  of  boiling  water,  4  or  5  kilogrammes  (8  orl  0 
lbs.)  of  pulverised  white  arsenic  are  thrown,  and  boiled  for  10  minutes:  a  precipitate 
will  be  formed,  and  must  be  aUowed  to  settle  :  the  clear  liquor  is  then  run  off.  and 
mimediately  mixed  with  the  solution  of  bichromate  of  potash,  stirring  all  the  time  ■  in 
a  short  tune  the  mixture  acquires  a  green  tint,  and  the  hydrated  oxide  of  chromium 
I  Tf  P'-e=iPitated.  After  being  several  times  weU  stirred,  and  allowed  to 
cool  the  who  e  is  thrown  upon  a  filter  of  white  wool,  and  the  hydrate  of  chromium 
remaining  on  the  filter  is  carefuUy  washed  with  boiling  water.  Itis  then  dried,  and  ready 
chloric  aSof  Vr^W.-^^on  of  the  chloride,  fn  order  to  obtain  that  salt,  hydro^ 

chloric  acid  of  22°  Beaume  is  diluted  with  water,  until  the  acid  no  loneer  eives  off 
ZIZJ'::  ±e?.'!^:i!f --lil^*       -.--^  of  the  hydrated  oxidro^chEum^ 
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cooling,  oxide  of  chromium  of  the  finest  green  colour  is  obtained.    This  preparation 

IS  sold  under  the  name  of  Sea-green. 

This  oxide  may  also  be  prepared  by  decomposing,  with  heat,  the  chromate  of 
mercury,  a  salt  made  by  addmg  to  nitrate  of  protoxide  of  mercury,  chromate  of 
potash,  in  equivalent  proportions.  This  chromate  has  a  fine  cinnabar  red,  when  pure- 
and,  at  a  dull  red  heat,  parts  with  a  portion  of  its  oxygen  and  its  mercurial  oxide' 
From  M.  Dulong's  experiments  it  would  appear  that  the  purest  chromate  of  mercury 
is  not  the  best  adapted  for  preparing  the  oxide  of  chrome  to  be  used  in  porcelain 
painting.  He  thmks  it  ought  to  contain  a  little  oxide  of  manganese  and  chromate  of 
potash  to  afford  a  green  colour  of  a  fine  tint,  especially  for  pieces  that  are  to  receive  a 
powerful  heat.  Pure  oxide  of  chrome  preserves  its  colour  well  enough  in  a  muffle 
furnace  ;  but,  under  a  stronger  fire,  it  takes  a  dead-leaf  colour.— H.  M.  N 

CHROMIUM,  BLUE  OXIDE  OF.  The  following  directions  have  been  given 
for  the  preparation  of  a  blue  oxide  of  chromium.  The  concentrated  alkaline  solution 
of  chromate  of  potash  is  to  be  saturated  with  weak  sulphuric  acid,  and  then  to  every 
8  lbs.  is  to  be  added  1  lb.  of  common  salt,  and  half  a  pound  of  concentrated  sul- 
phuric acid ;  the  liquid  will  now  acquire  a  green  colour.  To  be  certain  that  the  yellow 
colour  is  totally  destroyed,  a  small  quantity  of  the  liquor  is  to  have  potash  added  to 
it,  and  filtered;  if  the  fluid  is  still  yellow,  a  fresh  portion  of  salt  and  of  sulphuric 
acid  is  to  be  added:  the  fluid  is  then  to  be  evaporated  to  dryness,  redissolved,  and 
filtered;  the  oxide  of  c"hroine  is  finally  to  be  precipitated  by  caustic  potash.  It  will 
be  of  a  greenish-blue  colour,  and  being  washed,  must  be  collected  upon  a  filter  — 
H.  M.  N. 

CHRYSENE.  A.  brilliant  yellow  substance,  contained  in  the  least  volatDe  portions 
of  coal  tar.  It  crystallises  in  spangles  like  iodide  of  lead.  According  to  Laurent, 
who  discovered  it,  its  formula  is  a  multiple  of  C'-H^  No  compound  capable  of  dis- 
tinctly controlling  the  formula  has  been  procured.  Its  best  solvent  for  the  purpose 
of  crystallisation  is  boghead  naphtha. — C.  G.W. 

CHRYSOBERYL,  or  GOLDEN  BERYL,  is  composed  of  alumina  80-2  and  glu- 
cina  19'8  =  100.  It  is  of  various  shades  of  yellowish  and  light  green,  sometimes  with 
a  bluish  opalescence  internally.  It  has  a  vitreous  lustre,  and  varies  from  translucent 
to  transparent.  Fracture,  conchoidal  or  uneven.  Specific  gravity  =  3'5  to  3-8.  It 
belongs  to  the  trimetric  system. 

This  stone,  when  transparent,  furnishes  a  beautiful  gem  of  a  yellowish-green 
colour,  which  is  cut  with  facets,  unless  it  be  opalescent,  in  which  case  it  is  cut  en 
cabochon.  It  occurs  in  the  Brazils  and  Ceylon,  in  rolled  pebbles  in  the  alluvial 
deposits  of  rivers  ;  in  the  Ural,  in  mica-slate  ;  and  at  Uaddam,  Connecticut,  U.  S.,  in 
granite,  traversing  gneiss.  —  H.  W.  B. 

CHRYSOLITE,  or  PERIDOT.  The  name  given  to  the  paler  and  more  transparent 
crystals  of  olivine,  the  latter  name  being  restricted  to  imbedded  masses  or  grains  of 
inferior  colour  and  clearness.  It  is  usually  found  in  angular  or  rolled  pieces,  rarely- 
crystallised.  The  crystals  (generally  8,  10,  or  12  sided  prisms)  are  variously  termi- 
nated, and  often  so  compressed  as  to  become  almost  tabular.  They  are  generally 
very  fragile,  and  therefore  unfit  for  ornamental  purposes.  Oriental  chivysolite  is  com- 
posed of  silica  39'73,  magnesia  50'13,  protoxide  of  iron  9'19,  alumina  0'22,  protoxide 
of  manganese  0'09,  oxide  of  nickel  0'32  =  99'68. — Stromeyer. 

As  a  gem,  chrysolite  is  deficient  in  hardness  and  play  of  colour ;  but  when  the  stones 
are  large  and  of  good  colour,  and  well  cut  and  polished,  it  is  made  into  necklaces,  &c., 
with  good  effect.  From  its  softness,  which  is  little  less  than  that  of  glass,  it  requires 
to  be  wora  with  care,  or  it  will  lose  its  polish.  The  best  mode  of  displaying  the 
colours  to  the  greatest  advantage  is  to  cut  it  in  small  steps.  To  give  it  the  highest 
polish,  a  copper  wheel  is  used,  on  which  a  little  sulphuric  acid  is  dropped.  Dui-ing 
the  process  a  highly  suffocating  smell  is  given  out,  produced,  probably,  by  the  oxida- 
tion of  the  copper  and  the  decomposition  of  the  acid.  Chrysolite  is  supposed  to  have 
been  the  topaz  of  the  ancients.  It  is  found  near  Constantinople;  at  Vesuvius;  and  the 
Isle  of  Bourbon,  at  Real  del  Monte;  in  Mexico;  in  Egypt;  and  at  Expailly,  in 
Auvergne.  —  H.  W.  B.  ,  , 

CHRYSOPRASE.  An  apple-green  or  leek-green  variety  of  chalcedony,  the  colour 
of  which  is  caused  by  the  presence  of  nickel.  It  occurs  at  Kosemeitz,  in  Silesia,  and 
Belmont's  lead  mine,  St.  Lawrence  County,  New  York. 

This  stone  was  probably  the  chrysoberyl  of  the  ancients.— H.  W.B. 

CINCHONICINE.  C'^'N-O'^.  An  alkaloid  isomeric  with  cinchonine  and  cin- 
chonidine.  It  is  produced  by  the  action  of  heat  on  any  of  the  saline  combinations  of 
cinchonine.  {Pasteitr.)  To  obtain  cinchonicine,  it  is  only  necessary  to  add  a  small 
quantity  of  water  and  sulphuric  acid  to  sulphate  of  cinchonine,  and,  after  driving  off 
all  the  water  at  a  low  temperature,  to  keep  the  salt  for  a  few  hours  at  a  toi.iperature 
between  2r,o°  and  270".    The  product  is  pure  sulphate  of  cinchonicine.  By  a  simi.ar 
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reaction  quinine  becomes  converted  into  quinicine  j  qxiinidine  also  is  susceptible  of  a 
similar  metamorpbosis. — C.  G.  W. 

CINCHONIDINE.  C^°H-''N  0\  This  alkaloid,  the  qninidine  of  Leers,  is  one  of 
the  isomers  of  cinchonine.  There  is  much  confusion  to  be  found  in  works  on  the 
cinchona  alkaloids,  partly  arising  from  the  troublesome  system  of  giving  tliem  names 
greatly  resembling  each  other,  and  partly  from  mixtures  having  been  analysed  under 
the  impression  of  their  being  pure  bases.  For  some  remarks  on  this  subject,  see 
Qdinidine.  Cinchonidine  was  first  noticed  by  Winckler ;  it  is  found  accompanied  by 
a  little  quinine  in  the  Cinchona  Bogota,  also  in  that  of  Macaraibo.  For  the  reac- 
tions of  cinchonidine,  and  its  associated  bases  with  chlorine  water  and  ammonia,  see 
Quinine.  —  C.  G.  W. 

CINCHONINE.  C"H-^N'0'.  An  alkaloid  or  organic  base  accompanying  quin- 
ine. In  consequence  of  its  being  considered  less  febrifuge  than  quinine,  it  is  always 
carefully  removed  from  the  latter.  Some  of  the  differences  of  properties  on  which 
processes  for  theu-  separation  may  be  founded  are  the  following.  Cinchonine  crystal- 
lises more  readily  than  quinine  from  an  alcoholic  solution,  in  consequence  of  its  being 
less  soluble  in  that  fluid.  Sulphate  of  quinine,  on  the  other  hand,  is  less  soluble  than 
sulphate  of  cinchonine.  Cinchonine  is  insoluble,  while  quinine  is  freely  soluble  in 
ether.  Cinchonine  forms  a  great  number  of  salts,  which,  for  the  most  part,  are  well 
defined,  and  crystallise  readily.  It  is  not  so  bitter  as  quinine.  In  cold  water  it  is 
quite  insoluble,  and  even  when  boUing,  2500  parts  are  required  to  dissolve  one  of 
cinchonine.  Laurent  has  studied  the  action  of  the  halogens  on  it  at  considerable  length, 
but  there  are  several  points  connected  with  this  portion  of  their  history  which  require 
re-investigation.  Treated  with  potash  at  a  high  temperature,  a  basic  fluid  is  obtained, 
formerly  considered  to  be  pure  chinoline,  but  which  has  been  shown  by  the  author 
of  this  article  to  contain  pyrrol,  all  the  pyridine  series,  chinoline,  and  a  new  base, 
lepidine.  —  C.  G.  W. 

CINNABAR,  is  the  principal  and  only  valuable  ore  of  the  mercury  of  commerce, 
which  is  prepared  from  it  by  sublimation. 

It  is  a  sulphide  (siilpliuret)  of  mercury,  composed,  when  pure,  of  quicksilver  86'2, 
sulphur  13-8,  in  which  case  it  is  a  natural  vermUion,  and  identical  with  the  vermilion  of 
commerce  ;  but  it  is  sometimes  rendered  impure  by  an  admixture  of  clay,  bitumen, 
oxide  of  iron,  &c.  Cinnabar  is  of  a  cochineal-red  colour,  often  inclining  to  brownish- 
red,  and  lead-grey,  with  an  adamantine  lustre,  approaching  to  metallic  in  dark  varieties, 
and  to  dull  in  friable  ones.  It  varies  from  sub-transparent  to  opaque,  has  a  scarlet 
streak,  and  breaks  with  a  sub-conchoidal  uneven  fracture.  H  =  2  to  2-5,  specific 
gravity  =  8-99.  In  a  matrass  it  entirely  sublimes,  and  with  soda  yields  mercury  with 
the  evolution  of  sulphurous  fumes.  \Vlien  crystallised,  it  belongs  to  the  rhombohedral 
system. 

Cinnabar  occurs  in  beds  in  slate-rocks.  The  chief  European  beds  are  at  Almaden 
near  Cordova,  in  Spain,  and  at  Idria  in  Upper  Carmthia,  where  it  usually  occurs  in  a 
massive  form,  and  is  worked  on  a  thick  vein  belonging  to  the  Alpine  carboniferous 
strata.  It  also  occurs  abundantly  in  China,  Japan,  Fluanca  Vilica  in  South  Peru,  and 
at  New  Almaden  in  California,  in  a  mountain  east  of  San  Josf,  between  the  Bay  of 
Francisco  and  Monterey,  where  it  is  very  abundant,  and  easy  of  access.  The  chief 
source  of  the  mercury  used  in  England,  is  Spain,  whence  10  cwt.  of  cinnabar  and 
14,544  lbs.  were  imported  in  1857. 

Cinnabar  in  the  arts  is  used  as  a  pigment,  in  the  state  of  a  fine  powder,  which  is 
known  by  the  name  of  vermilion.   See  Vekmilion.  H.  W.  B. 

CINNAMON.  ( Cannelle,  Fr. ;  Zimmt,  Germ.)  The  inner  bark  of  the  Lawns  cinna- 
momum,  used  chiefly  for  flavouring  cordials. 

Imports,  1857 :  —  Cinnamon,  745,315  lbs.    Computed  real  value,  £54  762 

^T^^T^^A*^-?T^'^9?'^-,  ^         S'ven  to  one  of  the  varieties  of  the  lime  garnets. 

CliKiC  ACID.  {Acidecitrique,Yv.;  Citronensaure,  Germ.)  This  acid  exists  in 
tne  juices  of  fruits,  especially  the  lemon,  orange,  currant,  and  quince.  It  was  first 
procured  from  lemon  juice  in  a  pure  state  by  Scheele,  who  adopted  the  following 
process.  Lemon  juice  was  put  into  a  large  tub,  and  saturated  with  dry  chalk  in  fini 
powder,  noting  carefully  the  quantity  employed.  The  citrate  of  lime  which  precipitates 
being  freed  from  the  supernatant  hquor  is  to  be  well  washed  with  repeated  affusion 
and  decan  ation  of  water.  For  every  ten  pounds  of  chalk  employed,  nine  and  a 
half  pounds  of  sulphuric  acid  diluted  with  six  times  its  weight  of  wa  er  are  to  be 
poured  while  warm  upon  the  citrate  of  lime,  and  well  mixed  with  it.    At  the  end  of 

twelvp  hours,  nr  ovon  cnnnar.         „:»  1  :ii        _n  ,  ....  '-"'^  or 


^  The  citric  acid  thus  obtained  may  be  evaporated  in  leaden  pans,  over  a  naked  fire. 
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till  it  acquires  the  specific  gravity  1-13;  after  which  it  must  he  transferred  into  another 
vessel,  evaporated  by  a  steam  or  water  bath  till  it  assumes  a  syrupy  aspect,  when  a 
pellicle  appears  first  in  patches,  and  then  over  the  whole  surface.  This  point  must  be 
watched  with  great  circumspection,  for  if  it  be  pasjpd,  the  whole  acid  runs  a  risk  of 
being  spoiled  by  carbonisation.  The  steam  or  hot  water,  must  be  instantly  withdrawn 
and  the  concentrated  acid  put  into  a  crystallising  vessel  in  a  dry,  but  not  very  cold 
apartment.  At  the  end  of  four  days  the  crystallisation  will  be  complete.  The 
crystals  must  be  drained,  re-dissolved  in  a  small  portion  of  water,  the  solution  set 
aside  to  settle  its  impurities,  then  decanted,  re-evaporated,  and  re-crystallised.  A 
third  or  fourth  crystallisation  may  be  necessary  to  obtain  a  colourless  acid. 

If  any  citrate  of  lime  be  left  undecomposed  by  the  sulphuric  acid,  it  will  dissolve 
in  the  citric  acid,  and  obstruct  its  crystallisation,  and  hence  it  will  be  safer  to  use  the 
slightest  excess  of  sulphuric  acid  than  to  leave  any  citrate  undecomposed.  There 
should  not  however  be  any  great  excess  of  sulphuric  acid.  If  there  be,  it  is  easily 
detected  by  nitrate  of  barytes,  but  not  by  the  acetate  of  lead  as  prescribed  by  some 
chemical  authors ;  because  the  citrate  of  lead  is  not  very  soluble  in  the  nitric  acid, 
and  might  thus  be  confounded  with  the  sulphate,  whereas  citrate  of  barytes  is  perfectly 
soluble  in  that  test  acid.  Sometimes  a  little  nitric  acid  is  added  with  advantage  to  the 
solutiou  of  the  coloured  crystals,  with  the  effect  of  whitening  them. 

Twenty  gallons  of  good  lemon  juice  will  afford  fully  ten  pounds  of  white  crystals 
of  citric  acid. 

For  citric  acid  thus  prepared  Kane  gives  the  following  formula:  —  C'-H^O"  +  3H0  + 
2  Aq  ;  but  if  evaporated  to  a  pellicle,  the  acid  crystallises  while  hot  to  a  different  form, 
and  its  formula  is  —  C'-ff  O"  +  3HO.  Accordmg  to  Berzelius,  hypothetical  dry  citric 
acid  is  composed  of  C'H'O*. 

The  crystals  of  citric  acid  are  oblique  prisms  with  four  faces,  terminated  by  dihedral 
summits,  inclined  at  acute  angles.  Their  specific  gravity  is  1-617.  They  are  un- 
alterable in  the  air.  When  heated,  they  melt  in  their  water  of  crystallisation  ;  and 
at  a  higher  heat,  they  are  decomposed.  They  contain  18  per  cent,  of  water,  of  which 
one-half  may  be  separated  in  a  dry  atmosphere,  at  about  100°  F.,  when  the  crystals 
fall  into  a  white  powder. 

Citric  acid  in  crystals  is  composed  by  Dr.  Ure's  analysis;  — of  carbon,  33-0,  oxygen, 
6''-R7,  and  hydrogen,  4-63 ;  results  which  differ  very  little  from  those  of  Dr.  Prout, 
subsequently  obtained.  Dr.  Ure  found  its  atomic  weight  to  be  8-375.  compared  to 
oxygen  1  000.  The  composition  of  crystallised  citric  acid  has  been  thus  represented:  — 


Atoms. 

Eq.wt. 

per  cent. 

Dumas. 

Prout. 

Ure. 

Carbon 

Hydrogen  -       -  - 
Oxygen     .       -  - 

4 

3 
5 

24 
3 
40 

35-8 
4-5  ■ 
59-7 

36-28 
4-45 
59-27 

34-28 
4-76 
60-96 

33-00 
4-63 
62-37 

Attempts  were  made,  both  in  the  West  Indies  ana  fticiiy  to  '^""^^'^  ^ 
lemon  juice  into  citrate  of  lime,  but  they  seem  to  have  failed  through  the  difficulty  ot 
drving  the  citrate  for  shipment. 

Citric  acid  in  somewhat  crude  crystals  is  employed  with  much  advantage  in  ca- 
lico print^mg.  If  adulterated  with 'tartaric  acid,  the  fraud  may  be  detected  by 
adding  potafh  to  the  solution  of  the  acid,  which  wiU  cause  a  precipitate  of  cream  of 

*^The  manufacture  of  citric  acid  so  closely  resembles  that  of  tartaric  acid,  that  the 
lime,  to  bleach  it  prior  to  deconiposuion  by  su Iph^^^^^^ 

washed  citrate  is  exposed  m  shallow  vessels  to  the  ac,,on  o^^^^^  ^^^^ 

a  weak  solution  of  chloride  of  lime.    In  a  ^^^^^  ^""^f.  and  impedes 

moreover  stated  that  the  mucilage  which  hangs  about  the  citrate  ot  nme,  au 
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the  subsequent  crystallisation  of  the  acid,  is  in  this  way  destroyed,  and  the  number  of 
re-crystallisations  requisite  to  give  a  saleable  aspect  to  the  citric  acid  thereby  dimi 
nished.    We  imported  in  1857,  1,161  lbs.  of  citric  acid. 

CIVET.  {Civette,  Fr. ;  Ziheth,  Germ.)  This  substance  approaches  in  smell  to 
musk  and  ambergns  ;  it  has  a  pale  yellow  colour,  a  somewhat  acrid  taste,  a  consistence 
like  that  of  honey,  and  a  very  strong  aromatic  odour.  It  is  the  product  of  two  small 
Tlrfoawt  C''.  zibctha  and  v.  civetta),  of  which  the  one  inhabits 

■  ThP  ni'v^t  •<=  f '."^^A^"*-  They  are  reared  with  tenderness,  especially  in  Abyssinia. 
I  he  civet  IS  contamed  m  a  sac,  situated  between  the  anus  and  the  parts  of  generation 
m  either  sex  The  animal  frees  itself  from  an  excess  of  this  secretion  byaTontrS 
movement  which  it  exercises  upon  the  sac,  when  the  civet  issues  in  a  vei  micular  form 
and  IS  carefully  coUected  The  negroes  are  accustomed  to  increase  theTcSon  W 
iintating  the  aninia  :  and  likewise  intrndnrp  a  lltHo  k,,**  ,  xcreiion  oy 

natural  slit  in  the  bag,  which  mixes  w  h  trodSrJus  lub.M^n   "  f'^''' 
weight.    It  is  employed  only  in  perfZery     In  7857  1  478  r,  nn    '  '""'^ 

According  to  k  Lutron'^Cha'lard.  it  Wa^  'f'^okdl   o^  towWchTo''"' V 
smell,  some  free  ammonia,  resin,  fat,  an  extractiform  matter,  and  nTu^ us     u  lZrZ 
lUtTT^C-^-^:^^:^^^  carbonate  and^rphate  ^ 

of  alumina,  ISd',  foVth^m^s?;™;^  ^0'^^  '^^^^'^  ^^^''^^^  *°  hydrous-silieates 
and  which  are  generally  renXed^  in^'n.^rh  f,  '^<^^°'"P'«'"°°  felspathic  rocks, 
Economically,  th'e  te^iS'fs  a^loanrfi  el^  v^defC^^^^^^^^^ 

oxides,  are  occasiona  ly  prS  in  si  nu^tL^ 

is  present,  the  clay  burns  red  quantities  m  certam  natural  clays  :  when  iron 

plastic  duTtife^mrs't^cf"^^^^^^^^^^  Zl'^^^'^'l     '""T-g  -'h  it  a 

exists  however,  in  Very  differe'nt'LgTefstn  ^L'dSe  "nt  l^^  "^'^  ^'^^"''^'^ 

the'hel?:?  i^Xn!  Itg^L'o'f  Snl^rsomitfrn'""'^''  ^"'^  "P""  ^P-"-  ^o 

lision  with  hlrdened  steef  In  thfs  state  thev  a -7.0  *°  ^'^^^  '^^^'^^  by  col- 

^hen  pulverised.  Tolerably  pu  e  ctys  tLu'h  ?nr^M  ^'"''l"  ^aler,  even 
readily  so  by  the  admixture  ^f  Le,  irS,  mangSse  te''^'  "  ^^'^"'"^ 

of  ^he'^it'o^raffi"  JtyTt^  ZT''  f  "^f  '"^ 

dry  state,  and  adhere  sfrongly  to?he  lon  j^e    ^    '  ^"'^  absorbent  of  water  in  their 

Bro^nSi:^;  "S^^X^^^!!-^^  -thy  smell  when  breathed  upon. 
t  P~  o^ehalk. 

duii;ofgLtU^S:£««^^^^ 

sometimes  to  earthy.  Fragments  tabular-  sof  8^^?;^  ^'^'.'^'"'•e  slaty,  approaching 
adheres  to  the  tongue,  and  breaks  doVrTn  water'    siaL^  «P  g'--  =  2-6f 

duced  into  a  paste  with  water  for  making  fire-brSks-  Z  ^^^  J      ^"'"""'^  ''"'^ 
as  free  as  possible  from  lime  and  iron  '       ""^'^^  P"''P°«e  it  should  be 

sol5;l5,„,^:d trswfcLi^^^fe^^^  ^S^-     -^ich  is 

mediately  beneath  the  coal,  each  bed  of  which  rests Tinon^    f  r'"  P'''^'  i"^" 

ochre,  and  occasi^ally  with  rn'r^TharrnyT/thi'''"."^  °"-<i  -i'^  -"^ 
clay  It  IS  soft  to  the  touch,  and  forms  wkh^wnV  ^^^^'"""^  characters  of  plastic 
but  IS  in  general  less  compact  more  fSe  Lan  ti  f '  ^  TT'"''  t^°^«°««  Past  ■ ; 
readily  diffusible  in  water.  It  does  n"t  pos  ess  the  r^-^^  '^7''  ^^''^  ^'"e  ™<^'-e 
that  commencement  of  translucencv  wbinwr  P'pperty  of  acquiring  in  water 

to  the  touch,  the  common  clarwanVfinctuositv'T  ''7'  AltLugh  sS 

ample  of  this  argillaceous  subsLce^Ts  XdedTn  tW^i  '°  ^he  best  ex- 

consists  chiefly  of  bluish  or  hInr.i,;cY  m  the  London  e  ay  formation  1 

..... ....L ^^^,^p^vzr^.  S^Is^ 
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fstrong  heat  in  consequence  of  the  iron  and  lime  -which  it  contains.    It  is  employed  in 
the  manufacture  of  bricks,  tiles,  and  coarse  pottery  ware. 

4.  Pollers  clui/,  or  Plastic  clay. — This  species  is  gonipact,  soft,  or  even  unctuous  to 
the  toucli  and  polishes  -with  the  pressure  of  the  finger;  itforms,  -with  water,  a  tena- 
cious, very  ductile,  and  somewhat  translucent  paste.  It  is  infusible  in  a  porcelain  kiln, 
but  assumes  in  it  a  great  degree  of  hardness,  Werner  calls  it  pipc-clay.  Good  plastic 
clay  remains  white,  or  if  grey  before,  becomes  white  in  the  porcelain  kiln.  The  clay 
from  Poole  in  Dorsetshire  is  a  celebrated  potter's  clay,  and  the  clay  from  the  neigh- 
bourhood of  Newton  Abbot  in  Devonshire  is  a  well-known  pipe-clay. 

The  geological  position  of  the  Plastic  clay  of  geologists,  is  beneath  the  London-clay, 
and  above  the  sand  which  covers  the  chalk-formation.  The  Plastic  clay  of  the  Paris 
basin  is  described  as  consisting  of  two  beds  separated  by  a  bed  of  sand.  The  lower 
bed  is  the  proper  plastic  clay.  The  plastic  clay  of  Aboudanl,  near  the  forest  of  Dreux, 
analysed  by  Vauquelin,  gave — 

Silica,  43-5;  alumina,  33-2  ;  lime,  0-35;  iron,  1  ;  water,  18. 

This  clay  is  employed  as  a  fire-clay  for  making  the  bungs  or  seggars,  or  coarse 
earthenware  cases,  in  which  china  ware  is  fired. 

The  plastic  clay  of  Dorsetshire  which  supplies  the  great  Staffordshire  potteries, 
occurs  near  the  base  of  the  Bagshot  beds.  It  is  grey  coloured,  less  unctuous  than 
that  of  Dreux,  and  consequently  more  friable.  It  becomes  white  in  the  pottery  kiln, 
and  is  infusible  at  that  heat.  It  causes  no  effervescence  with  nitric  acid,  but  foils 
down  quickly  in  it,  and  becomes  higher  coloured.  Its  refractoriness  allows  of  a 
harder  glaze  being  applied  to  the  ware  formed  from  it  without  risk  of  the  heat  re- 
quisite for  making  the  glaze  flow  affecting  the  biscuit  either  in  shape  or  colour. 
"  Most  of  the  plastic  clays  of  France,"  says  M.  Brongniart,  "  employed  for  the  same 
ware  have  the  disadvantage  of  reddening  a  little  in  a  somewhat  strong  heat;  and 
hence  it  becomes  necessary  to  coat  them  with  a  soft  glaze,  fusible  by  means  of  excess 
of  lead  at  a  low  heat,  in  order  to  preserve  the  white  appearance  of  the  biscuit,  bucn 
a  Klaze  has  a  dull  aspect,  and  cracks  readily  into  innumerable  fissures  by  alternations 
of  hot  and  cold  water."  Hence  one  reason  of  the  vast  inferiority  of  the  French  stone- 

Po^llSndayor  Kaolin  earth — Kaolin  is  generally  a  hydrous  silicate  of  alumina, 
expressed  by  the  formula  Al'si  +  2H  =  Silica  40  0,  alumina  44-5,  water  15-5.  The 
Sns  possLs  very  characteristic  properties  They  are  friable  m  tf  e  hand  meag 
to  the  touch,  and  difficultly  form  a  paste  with  water.  When  freed  fiom  the  coarse 
and  evidenti;  foreign  particles  interspersed  through  them,  they  are  absolutely  infuse 
Tn  thr  porcelain  kiln,  and  retain  their  white  colour  unaltered  They  harden  with 
heariike  other  clays',  and  perhaps  in  a  greater  degree ;  ^f^^^l^^^'^^'^Z 
eoual  condensation  or  solidity,  at  least  when  they  are  perfectly  puie.  Most  ot  tne 
Kaolin  clays  contain  some  spangles  of  mica,  which  betray  theiror.gin  from  dismtegrated 

wMe^some  seams  of  Kaolin  retain  the  external  form  of  felspar. 

Observed,  thit  this  tint  is  not  owing     any -etaHic  m^^^^^^^ 

In  France,  at  Saint-Yrieix-la-Perche,  about  10  leagu^^^^^  rather  of  that  felspathic 
occurs  there  in  a  bed,  or  perhaps  a  vein  of  beds  fj^^^^^'^^^  decomposition.  This 
rock  called  Pe-tun-tse,  which  exists  here  in  eveiy  s!ao«  J'  ,^  ,  mi 


hv  the  China  manutacturers.     xuw  vaw^v.      :  ° 

dftioS  of  any  fusible  i^agredient,  a  ^^^^^^^^^       of  felspar,  in  many 

Near  Bnyonne.    A  li^°l'^P?«^'^^^^S  t^^e  lam^^^^^^  decomposition. 
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entering  into  the  composition  of  granite.  For  tlie  preparation  of  Gbina-clay  in  Corn  • 
■wall  and  Devonshire,  see  Pokcelain  Clay. — H.  W.  B. 

Pure  clay,  the  silicate  of  alumina  of  the  chemist,  is  infusible ;  hut  when  subjected 
to  the  fire  of  a  porcelain  kiln,  it  contracts  into  about  one- half  of  its  total  bulk.  It 
must,  however,  be  heated  very  cautiously,  otherwise  it  will  decrepitate  and  fly  in 
pieces,  owing  to  the  sudden  expansion  into  steam  of  the  water  combined  with  its 
particles,  which  is  retained  with  a  considerable  attractive  force.  It  possesses  little 
plasticity,  and  consequently  affords  a  very  short  paste,  which  is  apt  to  crack  when 
kneaded  into  a  cake. 

It  is  not  only  infusible  by  itself,  but  it  will  not  dissolve  in  the  fusible  glasses 
making  them  merely  opaque.  If  either  lime  or  silica  be  added  separately  to  pure  clay' 
in  any  proportion,  the  mixture  will  not  melt  in  the  most  violent  furnace-  but  if 
alumina,  lime,  and  silica,  be  mixed  together,  the  whole  melts,  and  the  more  readily 
the  nearer  the  mixture  approaches  to  the  following  proportions  :  —  I  of  alumina  1  of 
liine,  and  3  of  sand.  If  the  sand  be  increased  to  five  parts,  the  compound  becomes 
infusible.  These  interesting  facts  show  the  reciprocal  action  of  those  earths  which 
ai-e  mixed  most  commonly,  in  nature,  with  alumina. 

Iron  in  small  quantity,  but  in  a  state  not  precisely  determined,  though  probably  of 
protoxide,  does  not  colour  the  clays  till  they  are  subjected  to  a  powerful  heat  There 
are  very  white  clays,  such  as  those  of  Montereau,  which  do  not  become  red'  till  cal- 
cined m  the  porcelain  kiln;  the  oxide  of  iron  contained  in  them,  which  colours  them 
f  ''T'^^''^  previously  imperceptible.  It  is  from  this  circumstance,  that 
the  clays  fit  for  making  fine  white  stone  ware,  as  also  the  KaoUns  adapted  to  the 
manufacture  of  porcelain,  are  very  rare. 

haJe°been  Wp",rT""'^f ''i  """""^  '"l""''  ^^'^^^  ^reen  or  slate-blue,  before  they 
nave  been  heated.  Such  clays,  exposed  to  the  action  of  fire,  become  yellow  or  red 
according  to  the  quantity  of  iron  which  they  contain.  When  th^  iron  is  very  abundant 

Pffjn?    'P,"''  "If'  ^"'l  ^'"'^^  ^^'^        be  present  for  thS 

effect,  riie  earthenware  made  with  these  ferruginous  clays  can  beai-  but  a  moderate 
bakmg  heat;  it  is  thick,  porous,  and  possesses  the  advantage  merely  of  cheapness  and 
of  bearmg  considerable  alternations  of  temperature  without  breaking         ^  ' 

bUicate  of  alumina  and  the  aluminous  clays  which  possess  most  plasticity  are  ant 
of  ZtZ  ^^'""/r  Tbi^  very  serious  defect  for  the  purposes 

sanror7lica''  tS  ""T^l'  ''^"''1'"^  *°        ^^"^  ^  quanti'rof 

Sana  or  silica.  Thus  a  compound  is  formed  which  possesses  less  attraction  for  witer 
and  dries  more  equably  from  the  openness  of  its  body.  The  princ  nal  cau^^''  - 
distortion  of  earthenware  vessels,  are  the  unequal  thickness  of  thph-  n^wc  f  !^ 
desiccation  upon  one  side  than  another    Sd  bn -nr^in  J  Parts  and  quicker 

spar,  also  in  fine  powder  then  the  mixture  nln.Pri™        i  f '^""ble  its  weight  of  fluor 

about  400  grs.  of  strong  sulphuric  ™pou?ed  oiei  it  ^  TT  °'  ''"'^t" 

heat  of  from  212°  to  ^5°  Fahr  fo,-  J^.ff  "    v.        }    ^^""^  ^''P"^^  to  a 

water,  and  d^row  the  mixture  on  f filfer    Z  ^^d  three  or  four  ounces  of 

tion,  so  as  to  orairth"  wSe°orth?7ol  We"L«e  • TXeT  7'.  "'^^ 

an  excess  of  a  solution  of  ammonia,  by  which  The  a  ^min^  I  n  k        ^'"'^  ^"^^  ""'^ 

this,  after  being  weU  washed  on  a  fi  ter  7r,H  ,r.;li  be  precipitated:  and 

determined  by  the  baTance     If  howev'er  1«         •  ^-  ""'^  "i'^''  """'^  ^mo^-it 

has  a  deep  yellow  or  ed  colour  the  presence  of TZ""''  'r'°"°,  ^""'^  ^"''""'^^ 

removed  before  dryinff  thra^mina     For  .>,?  indicated;  and  this  must  be 

should  be  added,.so^s^;"edtsre^hc'^^  x^c^^S^  ^'^-.^ 
supersaturated  with  carbonate  of  soda  ;  when  oa  Tdd  nTh.^t  ti  e  solution  slightly 
the  iron- will  separate  as  a  black  sulphuret  leaVrn/thp  n?  ^    °^  ammonia, 

whence  it  may  be  obtained  by  evapra^  thr;ifoi\?i:r.c  T  =  ''^^ 

then  washing  away  the  alkaline  salts  by  h^ wat^r    thl  Seating  red  hot,  and 

after  being  dried,  may  be  weighed.    As  the  Presence  of  tT-''''  P"''^'  '^nd, 
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or  pan,  at  a  full  red  heat,  one  part  of  the  clay  in  question  •with  three  parts  of  pure 

potash  both  being  in  fine  powder,  and  carefully ^mixed  before  fusion.    The  fused 

mass  must,  when  cold,  be  boiled  for  some  time  in  water,  until  it  is  thoroughly  disin- 
tegrated ;  when  it  should  be  poured  into  a  porcelain  vessel,  and  supersaturated  with 
muriatic  acid ;  after  which,  by  evaporating  to  dryness,  a  residue  will  be  obtained,  that, 
after  careful  washing  with  boiling  water,  consists  merely  of  the  silica  contained  in  the 
clay  in  question.    After  being  heated  red  hot,  it  may  be  weighed  as  usual.    If  lime  be 
suspected  to  exist  with  the  alumina  in  olay,  this  may  be  separated,  when  in  solution, 
by  means  of  tartaric  acid  and  carbonate  of  soda,  as  above  indicated  ;  for,  in  such  cases, 
the  lime  will  fall  at  once  as  a  carbonate,  leaving  the  alumina  behind  in  the  fluid.  The 
following  remarks  by  Dr.  Ure  have  still  their  application,  and  are  therefore  retained :  — 
"  If  a  glazing  material  could  be  discovered,  the  expansions  and  contractions  of  which, 
by  heat,  exactly  corresponded  with  those  of  the  biscuit  ware,  or  silicate  of  alumina,  under 
the  same  influence,  then  the  present  system  of  covering  a  spongy  body  by  a  coating 
of  vitrifiable  glaze  would  answer  the  desired  intention  well  enough ;  for  to  the  cheap- 
ness and  durability  of  earthenware  would  thus  be  superadded  the  cleanliness  of  glass. 
But  this  desideratum  has  been  sought  for,  over  and  over  again,  during  the  last  half 
century,  and  nothing  hut  disappointment  has  resulted.    In  proof  of  which  we  have 
onlv  to  ask— Where  is  that  glazed  earthen  vessel,  which,  though  made  expressly  for 
the'  use  of  the  apothecary,  will  retain  oil,  after  being  two  or  three  times  heated  and 
cooled  ?    The  answer  to  this  question  must  be  our  argument  in  favour  of  abandonmg 
such  a  system  of  glazing,  and  adopting  the  only  other  mode  by  which  a  non-absorbent 
pottery  ware  can  be  fabricated.    The  body  of  the  ware  itself  must  undergo  a  semivi- 
tritication,  as  happens  with  the  finest  kind  of  china  ;  so  that,  even  if  by  long  use  the 
glaze  come  to  be  fairly  worn  oflF,  still  the  non-absorbent  prmciple  would  remam  as 
perfect  as  at  first.    A  mixture  of  silica  and  alumina,  in  the  proportion  of  four  atoms 
of  the  former  to  one  of  the  latter,  would  bear  or  require  a  certain  quantity  of  fusible 
material  to  induce  semivitrification  throughout  the  mass ;  but  a  compound  of  three 
atoms  of  silica  and  one  of  alumina  would  probably  be  melted  down  into  a  worthless 
slag  by  exactly  the  same  addition.    Here  then  lies  the  root  of  that  difficulty  which 
has  hitherto  so  injuriously  restricted  the  employment  of  felspar  and  other  vitrifiable 
bodies  in  the  fabrication  of  British  earthenware.    Those  who  tiave  attempted  to  use 
such  substances  have  occasionally  succeeded  to  admiration  ;  and  nothmg  but  the  un- 
certainty of  the  result,  and  repeated  failures,  have  induced  them  to  abandon  the 
employment  of  a  class  of  articles  which,  if  capable  of  bemg  controlled,  every  intelli- 
gent manufacturer  admits  would  confer  perfection  on  his  art.    But  it  is  a  great  mis- 
take to  suppose  that  these  inequalities  of  action  arise  out  of  some  peculiarity  in  ttie 
vi  dfiable  materials  themselves,  or  are  in  any  way  the  work  of  chance.    The  materials 
are  or  ought  to  be,  uniform,  and  certainly  can  be  made  so  whilst,  for  the  rf,t\eve 
fs  no  such  thing  as  chance  in  nature, -the  laws  of  chemistry  are  not  ^^ccidental  or 
variable!  they  !re  immutable.    We  have  shown,  however,  that  clays  not  only  differ 
from  each  oUier,  but,  as  it  were,  from  themselves;  since,  from  the  same  pit,  and 
Within  a  few  inches  of  the  sam*  spot,  clays  of  very  contrary  characters  ""ay  be  prc^ 
Tu red     Plasticity  is  no  more  an  indication  of  the  presence  or  piirity  of  c  ay,  than 
sweemess  is  a  test  of  sugar.    In  a  rough  way  both  these  quahties  have  a  value  ;  but 
he  art  ai4  now  as  approaching  an  epoch,  when  all  such  fallacious  aids  must  grve 
nHce  o  the  guidance  of  philosophy  ;  and  the  sooner  our  manufacturers  become  con- 
V  need  of  thif grand  truth  the  better  for  themselves  and  their  country.    The  propriety 
o  knowing  hf  exact  composition  of  the  raw  materials  employed  in  any  art  or  manu- 
facture does  not,  indeed,  admit  of  dispute -it  is  imperative  ;  and  hence       are  the 
mo  e  astonished  at  the  scantiness  of  information  respecting  the  analysis  of  so  ,m- 
moi  e  astoni=hea  at  t  ^^^^  apathetic  ignorance,  would  any  one 

^Pltv^  tLnndeprdently  of  immense  home  consumption,  our  exports  of  earthen- 
to  health,  though,  when  well  burned  on,  this  danger  is  gicauy 
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increased  insolubility  of  the  silicate  of  lead  in  Treak  acids.  It  is,  however,  an  objec- 
tionable mode  of  glazing  earthenware,  and  requires  to  be  watched  with  caution,  more 
especially  where  borax  is  used  at  the  same  time,  for  the  borate  of  lead  is  more  easily 
acted  on  than  the  silicate.  It  has  been  lately  suggested  that  oxide  of  zinc  would  form 
a  sufficiently  fusible  compound  with  silica,  and  is  cheap  enough  to  supplant  oxide  of 
lead  in  the  glazing  of  common  earthenware.  The  latter  assertion  is  undoubtedly 
true,  and,  although  we  entertain  some  suspicions  as  to  the  easy  fusibility  of  silicate  of 
zinc,  yet  this  is  precisely  one  of  those  problems  which,  from  their  important  sanitary 
bearing,  deserve  immediate  inTCStigation.  On  the  continent  a  very  pure  kind  of 
felspar,  mixed  probably  with  a  little  carbonate  of  baryta  and  oxide  of  tin,  forms  the 
only  glaze  used  upon  porcelain  and  the  china  vessels  intended  for  chemical  purposes. 
It  is  so  hard  as  to  withstand  the  attack  of  a  file,  and  it  resists  the  action  of  the 
strongest  acids  and  alkalies  at  all  temperatures  below  300°  Fahr.— the  hydrofluoric 
acid  and  its  salts  alone  excepted."  See  Pottery,  Porcelain  Clay. 
T  'h ^ Henry         of  ordinary  clay  will  be  seen  from  the  following  analyses,  by  Mr. 

1.  Fire-clay  (Stourbridge,  Brierly  Hill). 
Silica 

Alumina  -  -  -  _  . 
Protoxide  of  iron  .  ■.  .  . 
Magnesia  -  -  -  _  . 
Water  and  organic  matter 


-  51-80 

-  30-40 

-  4'14 

•50 

-  13-11 


"With  trace  of  soda;.  99  95 

'^oo",Xt'theb2t"'''^  from  Wales:- No.  I,  inferior  ,  the  other  two 

Silica  -       -       -  - 
Alumina  - 
Oxide  of  iron 
Magnesia  ... 
Soda  -       .       .  . 
Water  and  organic  matter 


I. 

m 

m. 

•  50-35 

56-90 

54-80 

23-50 

24-90 

27-60 

10-40 

2-83 

2-56 

1-45 

1-07 

1-00 

1-55 

3-00 

2-00 

11-85 

11-60 

11-80 

99-10 

100-30 

99-76 

Clay  making  good  red  bricks, 
Silica  - 

Alumina  and  oxide  of  iron     -       -       .       I  '  ' 

Carbonate  of  lime   I      '.  tyo 

„          magnesia   I       I  i-qn 

Water,  &c.  '} 

  21-60 


.  ^,     ...  100-00 

^l^fthtfr'°°'~"^'^''''°^"''^°°"^^  strongly 
Silica 

Oxide  of  iron  and  alumina  ?fo« 

Carbonate  of  lime  ....                     "  '  on 

magnesia  ^1'°^ 

Water,  &c.    -      .      .      .                    -      -  ..  g-OO 

-----  -  10-00 

e    -m    T    T.  ,  100-06 

a.  iJiack  shale  from  coal  measures,  Dudley. 
SUica  - 

Alumina       ...              ----  -  48*75 

Oxide  of  iron        -       -       I       '       '       "       "  "  ^^-95 

Lime  15-70 

Magnesia      -  2-32 

Water,  &c.    -._*'""-  "  I'-^O 

-  13-35 


Y  Y  4 


99-57 

J 
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Exports: — Pipeclay  .  .         .         -  .     905"  tons. 

Other  sorts        -  -  -  -  -  9,916  tons. 

The  following  account  of  the  shipments  of  clay  from  the  port  of  Poole  in  185G 
and  1857  will  show  the  importance  of  this  material :  — 


1856. 

1857. 

1856. 

1857. 

Tons. 

Tons. 

Tons. 

TonB. 

Liverpool 

15,995 

14,963 

Birkenhead  - 

492 

217 

Runcorn 

11,955 

13,198 

Bremen 

375 

200 

London 

12,510 

11,773 

Gravesend  - 

440 

170 

Newcastle  - 

2,450 

2,480 

Leeds 

310 

160 

Goole 

1,525 

2.248 

St.  Cyprian  - 

110 

160 

Bristol 

1,685 

2,198 

Castleford  - 

- 

155 

Hull 

1,105 

1,143 

Port  Glasgow 

- 

150 

Glasgow 

1,.')20 

2,253 

Leith  - 

- 

130 

Swansea 

670 

805 

Aberdeen 

- 

107 

Sunderland  - 

690 

800 

Gloucester  - 

85 

100 

Leigh 

-  .  - 

745 

Larmartaen  - 

** 

1  c\r\ 
lUU 

Dort  - 

830 

640 

Whitehaven 

440 

100 

Stockholm 

550 

600 

Seaham 

100 

100 

tieiiUe 

636 

540 

"Weymouth  - 

1  nn 

1  UU 

Rochester 

370 

Fisherow 

100 

Bowuess 

150 

3;»8 

Shields 

600 

100 

Rotterdam 

340 

309 

Kedby 

80 

Llanelly 

280 

308 

Cliffe 

80 

50 

Middlesbro"  - 

200 

300 

Plymouth 

40 

Stocliton 

500 

250 

Portsmouth  - 

20 

30 

Teignmouth 

120 

230 

58,840 

Total 

57,613 

The  total  produce  sent  by  railway  and  by  ship  was  58,195  tons  in  1856,  60,850 
tons  in  1857. 

CLOTH  MANUFACTURE  AND  DRESSING.    See  Woollen  and  Wool. 

CLOVE  OIL.  (C=°H"'0*.  Syn.  Eugenic  acid,  Carophyllic  acid.)  When  cloves  are 
distilled  with  water,  a  large  quantity  of  oil  passes  over.  It  has  been  examined  by 
Dumas,  Ettling,  Bockmann,  Stenhouse,  Calvi,  and,  more  recently,  by  Greville 
Williams.  Treated  with  solution  of  potash,  the  greater  portion  dissolves,  leavmg  a 
small  quantity  of  a  hydrocarbon  isomeric  with  oil  of  turpentine.  See  Cakbbretted 
Hydrogen.  The  potash  solution,  on  being  supersaturated  with  a  mineral  acid, 
allows  the  eugenic  acid  to  rise  to  the  surface  in  the  form  of  an  oil.  When  freshly 
distilled  it  is  colourless,  and  boils  at  483°  S.  Its  density  at  57°-2  F.  is  1-0684.  On 
analysis  it  gave:: — 

Greville  Williams.  Calculation. 


C-»  120  73  17 
ir=      12      7 -32 


Carbon 
Hvdrogen 

Oxygen    -       -     19-2    19-3     -       -     O*      32  19-51 

100-0  100-0  100-00 
The  density  of  its  vapour  was  found  to  be  5-86.    Theoi-y  requires  5-67-  The 
above  results  were  confirmed  by  a  determination  of  the  percentage  of  baryta  m  the 

eugenate^   Caw.^  5,,,-„/,„A7e,  Germ.)  This  is  by  far  the  most  valuable  of  our 

mineral  treasures,  and  the  one  which,  at  least  in  Great  Bntam,  makes  all  the  others 
available  to  the  use  and  comfort  of  man.  Hence  it  has  been  searched  after  with 
unremitdng  diligence,  and  worked  by  the  advantages  derived  from  the  hghts  of 

'"Tr'colif-fid^^^^^^^  are  the  most  important  of  any  worked  in 

.l,Pwor?d    Their  nroduction  has  been  variously  estimated  as  being  between  th.rty-one 

carefully  made  by  the  Keeper  of  Mining  Records  that  these  amounts  v,cio  far 
exceeded,  as  is  shown  by  the  following  returns :— 
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Northumberland  and'Durham 
Cumberland  - 
Yorkshire  -       .       -  - 
Derbyshire-       -  - 
Nottinghamshire - 
Warwickshire     .       .  - 
Leicesteishire     -       .  - 
StaiFordshire  &"Worcestershire 
Lancashire  -       -  - 
Cheshire    .       -  _ 
Shropshire  -       -  - 
Gloucester,  Somerset,  and 
Devon  - 

Wales 

Scotland  - 

Ireland 


Tons. 

Tons. 

j  Tons. 

Tons. 

1851. 
15;4^^V5 
887,000 
7,260,500 
2,406,696 
813,474 
255,000 
439,000 
7,500,000 
9,080,500 
786,500 
1,080,000 

1 855. 

15,431,400 
809,549 
7,747,470 
2,256,000 
809,400 
262,000 
425,000 
7,323,000 
8,950,000 
755,500 
1,105,250 

mn. 
15,492,969 
913,891 
9,083,625 

j  3,293,325 

335,000 
632,478 
7.305,500 
8,950,000 
754,327 
752,100 

1857. 

15,826,525 
942,018 
8,875,440 

3,687,442 

398,000 
698,750 
7,164,625 
8,565,500 
750,500 
750,000 

1,492,366 
9,643,000 
7,448,000 
148,750 

1,430,620 
9,677,270 
7,325,000 
144,620 

1,530,000 
9,965,600 
7,500,000 
136,635 

1,225,000 
8,178,804 
8,211,473 
120,630 

64,661,401 

64,453,070 

66,645,450 

65,394,707 

_  This  enormous  quantity  of  fossil  fuel  is  obtained  from  the  districts  enumerated 
in  the  list  given  on  tlie  next  page. 

The  total  number  of  collieries  in  the  United  Kingdom  being  

England  I943. 

Wales  235 

Scotland  j^qq. 

Ireland    -  i^-^ 

■  .  2654 
The  relative  importance  of  mineral  fuel  in  various  countries,  as  indicated  by  the 
actual  coal  area  and  the  real  production  of  the  coal-fields,  may  be  understood  by  a 
reference  to  the  subjoined  table.    This  is  based  chiefly  upon  the  authority  of  Mr.. 
Taylor,  but  it  is  modified  by  the  editor. 


Countries. 

Coal  Area  in  Square 
Miles. 

Proportion  of  whole 
Area  of  the  Country. 

Annual-Production  in 
Tons. 

British  Islands  - 
France      -       .  . 
Belgium    -       -  - 
Spain  - 
Prussia  ... 
Bohemia    -       -  . 
United  States  of  America 
British  North  America 
• 

12,800 
2,000 
520 
4,000 
1,200 
1,000 
113,000 
18,000 

1-10 

1-100 

1-22 

1-52 

1-90 

1-  20 

2-  9 
1-20 

66,000,000 
4,500,000 
5,700,000 

250,000 
3,500,000 

300,000 
4,500,000- 

900,000 

exiremeiy  important  the  coal-fields  of  the  British  islands 
really  are  when  compared  ^vith  any  others  elsewhere.   This  is  the  case  no  merdy  fn 
he  total  annual  production  and  the  proportionate  extent  of  the  deposit,  but  Zo  Som 
Uie  great  number  of  points  at  which  the  coal  can  be  advantageously  ^orl^ed  ThS 
will  be  best  seen  by  reference  to  the  table  on  the  next  page 

coJn^rv  /tYfr/V°'^  T  ^""''"^  ^^°edom  is  one  of  vast  importance  to  the 
.r,T  I  /        P  ^^'■S^  "''"^-^^  commencing  with  Devonshire  in  the  sonTh 

and  extending  to  the  northern  divisions  of  the  great  Scotch  coal  field.     A  J 
examination  of  aU  these  deposits  cannot  but  prove  useful         ^^^^l-fi^Ws.    A  careful 

us^h^urs^.'^callfrB^^  >f        ^"•'--)  iBfonns 

Dr.  Maton  described  thos^YeTs  Tim      betgTor4't"  I? 
alternatmg  with  clay,  and  he  stated  that  the  pits  were  a W  so  feet  rtf  t!"<=k°fss, 
for  the  supply  of  a  neio-hbourinir  nottf-rv      A  ^^Zf  feet  deep,  and  worked 

1772,  and  one  at  Bovey  Sey  in  1812  hL^Tl-"?'  established  at  Ideo  in 
from  those  lignite  beds,  ^llose  Lds  aie  sunnosed  to''^'  ^^"'^^^PPli^d  with  fuel 
latter  part  of  the  supercretaceous  periods  Thfwood  of  ^1  ^"'T^  ^^^^''^^^  '^e 
sometimes  supposed  to  be  ^nZ7's%o^£  iT:!^^^^^^^^ 
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offensive  smell  emitted  by  this  lignite  -when  burnt  has  always  prevented  its  use  for 
domestic  purposes,  except  among  the  poorer  cottagers  of  the  neighbourhood.  The 

List  of  Collieries  in  the  United  Kingdom. 


SIstliCU. 


ENGLAND. 
NonTFiUHBKRLUND  and  Durham  : — 
Tvnr,  Itlvtli,  and  Coquet  - 
Siiutli  of  Tyne    -      -      .  - 
Wear  and  Scaham     -  - 
Tees,  Hartlepool,  and  Stockton  - 
Landsale  collieries  in  all  the 
districts  -      -      -      -  - 

Cumberland  : — 

Wliitehaven,  &c.       -      -  - 
Yorkshire  : — 
Leeds  ------ 

Bradford    -      -      -      -  - 

Huddersfield      -      -      -  - 

Barnsley     -      -      -      -  - 

Halifax       -      -      -      -  - 

Wakefleld  .      -      .      -  - 
Rotlierham  -      -  - 

Sheffield     .      .      .      -  . 
Dewsbury  .      -      -      .  - 
Penistone,  Pontefract,  Bingley, 
and  Settle  .... 

Derbyshire  : — 
Chesterfield       -      -      -  - 

Alfreton     -       -      -      -  - 

Ripley  ..... 

Buxton  and  Stockport 

Ilkeston     -      .      .      .  . 

Burton-on-Trent      .      .  . 
Nottinghamshire  : — 

Nottingham,  Mansfield 
Warwickshire  : — 

Coventry,  Tamworth,  &c.  - 
Leicestershire  : — 

Leicester  and  Ashby  -      •  - 
Staffordsbike,  North]: — 

Cheadle      -      .      -      .  . 
Longton     -      -      -      -  - 

Hanley       -      -      -      -  - 

Burslem  -      -      -  - 

Tunstall     .      .      .      .  . 

Biddulph    -      .      .      .  - 
Newcastle-under-Lyne 
Staffordshire,  South: — 
Rugeley      -      -      -      -  - 

Wyrley      -      -      -      -  - 

Walsall       .       .      .      -  . 
Darlaston  -      -      -      -  - 

Bilston  -       -      -  - 

Willenhall  

Wolverhampton  -  .  .  - 
Sedgeley  -  -  -  -  - 
Tipton  .  .  .  .  . 
Rowley  Regis  .  .  .  . 
Oldbury  -  .  .  .  . 
West  Bromwich  -  -  -  - 
Wednesbury  -  -  -  - 
Corngreaves  .  .  -  - 
Duilley  .  .  .  .  - 
Brierley  Hill,  &c. 
Lancashire  : — 
Manchester  .  -  -  - 
St.  Helens .  .  .  -  - 
Wigan  .  .  .  -  - 
Cheshire  :— 

Macclesfield,  Stockport,  &c. 
Shropshire  : — 

Shrewsbury,  Wellington,  sc.  ■ 
GL'iUCESTntt«iiiRE  :— 

Bristol,  Forest  of  Dean 
Somersetshire  : — 

Radstock,  Bristol,  &c. 
Dbvdnsiiire  :— 
Bidefurd  and  Newton 

NORTH  WALES. 

Flintshire: — 
Mold,  Flint,  &c.. 


•s.a 

6|.2 


84 
18 
33 
C5 

6S 

28 

75 
42 
46 
42 
26 
35 
17 
2r 
26 


103 
33 
8 
9 
14 
9 

24 

16 

14 

16 
23 
12 
18 
15 
12 
27 

3 
12 

27 
9 
GO 
23 
27 
18 
23 
15 
28 
61 
21 
26 
41 
25 

248 
31 
80 

31 

55 

56 

29 


42 


Ill 

a  ^  o 
V  OO 


268 
28 


345 


176 
24 
16 
14 


123 


417 


359 


29 


42 
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Dendighshire  : — 

Wrexham,  Ruabon,  &c 
Anglesea  :— 

Berw  .... 


SOUTH  WALES. 
Pembrokeshire  :_ 

Haverfordwest  and  Tenby - 
Caermarthensuire  :— 

Llanelly  -  -  -  -  - 
Glamorganshire  : — 

Swansea,  Neath,  &c.  .  - 
Monmouthshire  : — 

Newport,  &c.     -      -      -  - 

SCOTLAND. 

Lanarkshire: — 

Glasgow     -      -  -  -  - 

Lesmahagow     -  -  -  - 

Rutherglen  -      -  -  -  - 

Shettleston  -      -  -  -  - 

Wishaw      -      -  -  -  - 

Ballieston  -      -  -  -  - 

Holytown   -      -  -  -  - 

Coatbridge         -  -  -  - 

Motherwell-      -  -  -  - 

Airdrie       -      -  -  -  - 

Ayrshire  : — 
Ayr  ------ 

Irvine-      -      -  -  -  - 

Kilmarnoch       -  -  -  - 

New  and  Old  Cumnoch 

Stirlingshire: — 

Kilsyth,  &c.       .  -  .  . 

Falkirk,  &c.       .  .  .  - 

DUMBARTGNSHTRE  ;— 

Dumbarton,  &c.  -  -  - 
Renfrewshire: — 

Paisley,  &c.  -  -  -  - 
Dumfriesshire  : — 

Dumfries  -  -  -  -  - 
Fifeshire : — 

Kirkaldy,  &c.     -      .      _  . 

Cupar  -  -  -  -  - 
Clackmannanshire: — 

Alloa  -      -      -      -      -  - 

Haddingtonshire  :— 

Tranent  -      -      -  - 

Edinburgshire  : — 

Dalkeith,  &c.  -  -  -  - 
Linlithgowshire  : — 

Bathgate,  &c.  - 
Peeblesshire:— 

Peebles  -  -  -  -  - 
Perthshire : — 

Dumblane 

IRELAND. 
Ulster  Coal-Fielt)  :— 
County  of  Antrim     .      .  - 
,,      Tyrone      -      -  - 
,,  Cavan- 
Lough  Allen  District. 
Counties  of  Leitrim,  Sligo,  and 
Roscommon    -      -      .  . 
Leinster  Coal-Fielo: — 

Caslhcomer  District. 
County  of  Kilkenny  - 
Carlow  and  Queen's  Counties  • 
Queen's  County .      •      -  ■ 

MUNSTER  COAL.FlELD  : — 

Slieve  Ardagh  District. 
County  of  Tipperary  - 

Kanlurk  District. 
County  of  Cork  .      -      -  ■ 

lAincrick  District. 
County  of  Limerick,  &c.  - 


E.-  * 


34 
5 

17 

57 
165 
65 


14 
3 
16 


IC 
2 
7 


15 

22 

11 
7 

18 

16 

13 

16 

4 

37 

159 

16 

26 

30 

21 

93 

16 

19 

35 

11 

11 

n 

11 

4 

4 

28 

12 

40 

10 

10 

11 

11 

14 

14 

13 

15 

1 

1 

1 

1 
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supply  from  those  beds  of  "  Bovey  coal "  is  now  falling  off,  the  adjoining  pottery 
being  compelled  to  use  some  coal  as  fuel. — De  la  Beche. 

Bideford  Anthracite. — The  beds  of  Anthracite  stretch  across  the  country  from 
T?nnist!inlp  Rnv.  hv  Rirlpfnrd  and  Averdiscot,  towards  Chittlehampton,  a  distance  of 

The  anthracite  is  mixed  with  the  black  shales  of  the 


463 


Barastaple  Bay,  by  Bideford 
about  twelve  miles  and  a  half, 
carbonaceous  deposits. 

"  The  anthracite  is  mixed 
with  those  shales  in  the 
manner  represented  beneath 
jig.  463 ;  a,  sandstones  ; 
b,  shales ;  c,  culm  or  an- 
thacite ;  so  that  the  culm 
itself  seems  the  result  of 
irregular  accumulations  of 
vegetable  matter  intermin- 
gled with  mud  and  sand. 
As  so  frequently  happens 

with  carbonaceous  deposits  .        _        _  -  _ 

of  this  kind,  nodules  of  argillaceous  iron-stone  are  often  found  in  the  same  localities 
with  the  shales  and  anthracite,  reminding  us  of  the  intermixture  of  iron  ores  and 
vegetable  matters  in  the  bogs  and  morasses  of  the  present  day." — De  la  Beche. 

Somersetshire  and  Gloucestershire. — The  Dean  Forest  coal-field,  and  the 
coal  measures,  extending  further  south  forming  the  Bristol  coal-field,  are  included  in 
this  division.    The  workable  seams  of  coal  in  the  forest  are  the  following: — 

ft. 

Dog  Delf  (having  a  thickness  of) 

Smith  Coal 


a. 


Little  Delf 
Park  End  High  Delf 
Stalcey  Delf 
Little  Coal 
Rocky  Delf 
Upper  Churchway  Delf 
Lower  Churchway  Delf 
Braizley  Delf 
Nag's  Head,  or  Weaver's 
Whittington  Delf 
Coleford  High  Delf 
Upper  Trenchard 
Lower  Trenchard 


1 
2 
1 
3 
2 
1 
1 
4 
2 
1 
2 
2 
5 
2 
1 


in. 

2 
6 
8 
7 
6 
1 
9 
2 
0 
9 
9 
6 
0 
0 
4 


There  is  a  smaU  coal-field  north  of  the  Forest  of  Dean,  which  is  a  long  narrow 
SrS'voL  r  '"'^  '       ^'l^^e  ^iles,  or  1600  ^<.ves.-Maclauchlan.  Geological 
About  nine  mOes  and  a  half  to  the  south  of  Dean  Forest  a  considerable  mass  of 

rve^Soff  fh''''"  PT'"'"'  from  destruction,  by  the  denuding  causes  which 
have  carried  off  the  connecting  portion  between  it  and  Dean  Forest,  leavbg  at  least 
two  outlymg  patches  on  the  north  cf  Chepstow.  leavmg  at  least 

«P.V!!'/ coal-field  occupies  about  fifty  square  miles,  or  32,000  acres.  The 
Sets     RnllT  J'^^.^n"  '\^°'"P-ri«°°  ^ith  those  which  are  worked  in  other 
''""'^^'^"'^  Transactions,  vol  i.)  have  weU  ^e- 

shown  g'D^t'Sette^Tfo!^^^^^^^^     ^^^^^^  ^  ^^^^^'^^^^ 

Upper  shales  and  limestones 
Middle  sandstone 
Lower  shales 
Farewell  Rock 


1800  feet,  with  10  beds  of  coal. 
1725  feet,  with  5  beds  of  coal. 
1565  feet,  with  36  beds  of  coal, 
1200  feet 


6290 


poSTdis^r^  ?eTg?arro!a'n^  2      ^If^  f  ^  - 
which  appears  to  iustifv  thp  nHmlcf      pI,^^''  ^^"^^  have  accumulated  evidence 
the  carboniferous  iSo^e  tfthe  h^hl  ''^"^  '^^'^^''^'^ 
other  parts  of  the  field  the  ser  s  t^o,  If  7'  f  '''}^'  ^'''>^'  ^^1™^%;  in 

The  most  general  view  which  can  ^^-^  ^  on  proportions  only  less  gigantic, 
sure  about  8000  feet  I  S^'^'^g       true  coal  mea- 
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feet. 

Llanelly  series, -with  several  beds  of  coal  -  -  .  .  .  iqqq 
Penllergare  series  of  shales,  sandstones,  and  bedsH)f  coal,  110  beds; 

26  beds  of  coal  -  3000 
Central  series  (Townhill  sandstones  of  Swansea,  Pennant  grit  of  the 

Bristol  field);  62  beds,  and  16  beds  of  coal  ....  ,^246 
Lower  shales,  coals,  and  iron-stones  (iMerthyr);  266  beds,  34  beds 

of  coal     -       --       --       --       --  .-812 

Abundance  of  iron-stone  beds  and  unionidce  occur. 

Farewell-Rock  and  Gower  shales  above;  the  carboniferous  limestone  below. 

The  coal  on  the  north-eastern  side  of  the  basin  is  of  a  coking  quality,  excellent  for 
the  iron  manufacture ;  on  the  north-western  it  contains  little  or  no  bitumen,  being 
what  is  called  stone-coal  or  anthracite ;  on  the  south  side,  from  Fontypool  to  Caermar- 
then  Bay,  it  is  of  a  bituminous  or  binding  quality. — Phillips. 

Shkopshire. — This  district  includes  the  small  coal-field  of  Coalbrook  Dale  and 
that  of  the  plain  of  Shrewsbury.  The  Coalbrook-Dale  field,  according  to  Mr. 
Prestwick,  has  some  remarkable  features.  (Geological  Transactions.)  Perhaps  there 
is  no  coal  tract  known,  -which  in  so  small  a  compass,  about  twelve  miles  long,  and,  at 
most,  three  and  a  half  miles  wide,  exhibits  so  many  curvatures  in  the  outcrops, 
crossed  by  so  many  continuous  faults,  some  varying  north  by  east,  others  east-north- 
east ;  these  crossed  by  many  of  shorter  length,  and  directed  west-north-west,  and  in 
several  other  lines.  The  total  thickness  is  supposed  to  be  1000  or  1100  feet,  divided 
into  80  distinct  strata.  The  coal  varies  in  total  thickness  from  16  feet  to  55,  and  in 
the  number  of  its  beds  fi-om  7  to  22,  the  increase  being  to  the  north.  The  "cleat" 
or  system  of  joints  runs  from  west-north-west  to  east-south-east.  The  coal  is,  for  the 
most  part,  of  the  variety  called  slate-coal  in  Scotland,  and  hard  coal  in  Derbyshire. 
Cannelcoal  is  rare. —  sulphureous  coal  (pyritous)  very  common.  Petroleum  abounds 
in  the  central  and  upper  part  of  the  field.  The  beds  are  mostly  thin;  the  ten  upper- 
most are  too  sulphureous  for  other  uses  than  lime  burning,  and  are  called  stinkers ; 
twelve  beds  of  good  coal,  in  all  25  feet  thick,  the  thickest  being  five  feet,  succeed,  and 
the  lowest  bed  of  the  whole  formation,  eight  inches  thick,  is  sulphureous. — Phillips, 
Prestwick. 

Staffordshire. —  The  coal-field  of  South  Staffordshire,  which  has  been  described 
by  Mr.  J.  Beete  .Tukes,  who  states,  its  boundary  would  be  roughly  described  as  the 
space  included  within  a  boundary  line  drawn  from  Rugeley  through  Wolverhampton 
to  Stourbridge ;  hence  to  the  southern  end  of  the  Bromsgrove  Lickey,  and  returning 
through  Harborne  (near  Birmingham)  and  Great  Barr  back  to  Rugeley.  This  geolo- 
gist classes  this  coal  strata  in  three  divisions,  by  the  well  traced  band  of  thick  coal.  The 
total  thickness  of  coal  near  Dudley  being  about  57  feet,  and  between  Bilston  and  Wol- 
verhampton upwards  of  70  feet.  The  thick  coal  is  formed  of  eight,  ten,  or  thirteen 
distinguishable  parts,  the  whole  seam  varying  in  thickness  from  three  feet  to  thirty- 
nine  feet  five  inches;  it  is  very  irregular  in  parts,  divided  by  sandstones,  splitting  with 
wide-shaped  ofi'shoots,  and  cut  into  "  swiles  "  or  "  horse  backs,"  which  rise  up  from 
the  floor.  Below  the  thick  coal,  are  numerous  beds  of  sandstone-shales,  coal,  and  iron- 
stone, having  on  the  average  a  thickness  of  320  feet  ;  and  above  the  thick  coal  the 
thickness  is  280  feet  on  the  average.  —  Records  of  the  School  of  Mines. 

North  Staffordshire  Coalfield.  — This  field  is  comprised  in  the  space  between  Con- 
gleton,  Newcastle-under-Lyne,  and  Lane  End.  About  32  beds  of  coal  have  been 
determined,  rising  eastward  between  Burslem  in  the  centre  of  the  field  and  its 
eastern  limit  near  Norton  church. 

Derbyshire  and  Nottinghamshire.— The  Derbyshire  and  Nottmghamshire  coals 
are  classed  as  to  structure  in  two  varieties,  as  "  hard  "  coal,  in  which  the  divisional 
structures  are  chiefly  derived  from  the  planes  of  stratification,  crossed  by  one  set  of 
"cleat"  or  natural  joints  (called  "slines,"  "backs,"  &c.)  so  that  large  prismatic 
masses  result ;  "  soft "  coal  where  the  cleat  fissures  are  numerous,  and  broken  by  cross 
cleat.  In  respect  of  the  quality,  some  of  the  coal  is  of  a  "  crozling  "  or  coking  nature, 
easily  fusible  and  changing  its  figure  by  '•  coking ";  the  rest  (and  this  is  specially 
the  case  with  the  «  hard  "  variety)  makes  both  good  furnace  coal  and  excellent  coke, 
which,  however,  is  hardly  melted  at  all,  and  the  masses  are  not  changed  m  hgure  by 
the  process. — Phillips's  Manual  of  Geology. 

The  ■ -  • 

are  knowr 

low  hard  coai  uuu  luw  sun,  wjnuiinii  ^u^.,  i^u...—.   ,    -         .    ,  ,  -  , 

Aston  coal,  Kilburn  coal,  furnace  coal.  Hazel  coal,  Eureka  coa  ,  main  and  deep  coa  • 

Leicestershire  and  WAKWicKsniRE.— The  Leicester  coal-field  ^'^f  «J=J^'°P,^f 
about  Ashby  de  la  Zouch  (see  Mammatt  on  "  the  coal-field  of  Ashby  de  la  /.oueu  i. 
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•where  the  coal  is  much  like  the  hard  coal  of  Derbj'shire.    Amongst  the  seams  of  coal 
is  one  variety  called  cannel ;  and  another,  formed  by  the  concurrence  of  more  than 
one  band,  from  seventeen  to  twenty-one  feet  in  thickness.    The  beds  near  Ashby  de  la 
Zouch  are  as  follows  : — 
In  the  Moira  district — 

Thickness  of  beds. 
Eureka  coal    -      -       -       -       -       -       -    4  to  6  feet. 

Stocking  coal  -       -       -       -       -       -       -    6  to  7  „ 

Woodfield  coal        -       -....5  „ 

Slate  coal       -       -       -       -       -       -       - .  3^  to  4  „ 

Nether  main  coal    -       -       -       -       -       -    14  to  15  „ 

Fourfoot  coal  -       -       -       -       .       -       -  4to5„ 

The  Earl  coal        -       -       -       -       -       -    4  ft.  6  in. 

In  the  Coleorton  district — 

Heath  End  coal  g  fggf_ 

Lount  coal  (3  beds). 

Main  coal  10  to  12  feet. 

The  Warivicfcshire  coal-field  is  from  a  point  east  of  Tamworth  to  a  point  east  of 
Coventry,  about  twenty  miles  from  N.W.  to  S.E.  parallel  to  the  Ashby  coal  tracts. 
The  strata  are  most  prodnctive  of  coal  near  the  southern  extremity,  where,  by  the 
coming  together  of  two  seams,— worked  separately  at  Gritf,— the  five-yard 'seam  is 
worked.  The  beds  are  known  as  the  seven-feet  coal  and  rider,  slate  coal,  two  yards, 
lower  seam,  cannel,  and  Ell  coal. 

Yorkshire.— Professor  John  Phillips«gives  the  following  mode  of  classification  as 
the  most  natural  and  convenient  for  the  Yorkshire  coal. 

.Alagnesian  limestone  unconformably  covers  the  coal  seams. 

r Shales  and  Badsworth  coal. 
Upper  coals     -  -j  Ackworth  rock. 

(_  Wragby  and  Sharlston  coals. 
Red  rock  of  Woolley  Hooton-Roberts,  &c. 

{Furnace  coals      -       -    Barnsley  thick  coal. 
Intermediate  coals      - [ SSir'Sb."""^- 
Iron-stone  coals  -      -  f  Silkstone  and  Flockton  beds. 
Low  Moor  coals. 
Flagstone  rock  of  Woodhouse,  Bradford,  Elland,  Peniston,  &c 

r  Shales  and  ganister  stone. 
Coals. 

Lower  coals     -  J  Shales  and  ganister  stone. 
Coals. 
(.Shales,  &c. 
Millstone  grit  Hes  below  the  "  coal  series." 

foU^ws:-^"''''*  "^■•^  ^eain  divided  by  Professor  Phillips  as 

Red  rock  of  "Woolley  Edge 

^Tea^r  °^  Barnsley,  &c.  including  (he  eight  or  ten  feet 
Rock  of  Horbury  and  Wentworth  House 

I  Bituminous  coals  of  Silkstone  and  Low  Moor. 
Flagstone  rocks  beneath. 

the''sttri^°o?tte1r:L'SS  falt^'^'^"  ^""^'^  -  tirown  down  on 

MatSdTo  c2:,  ^otts  a'id'^rom'Sbo T"''^'^^  ?°  ^'^^ 

about  40  miles.    Excludin^EmiuLne  erii  S  S^."      ^^^-'P""!'  t°  Todmorden 

Hcyvwod  ^       millstone  grit,  its  area  is  about  250  square  miles  — 

Hi!i:  ^^^^^^T^tl:'^^^^^^^^  iT'^one  shales  of  Pendle 

in  aU  93  feet  of  coal.  '         '^'^      exceeding  1  foot  in  thickness,  making 
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The  series  is  divisible  into  tbree  parts  above  the  millstone  grit. 

Upper  part,  containing  a  bed  of  limestone  at  Ardwick  near  Manchester. 

Middle  part,  containing  the  greater  part  of  the  thick  and  valuable  seams,  especially 
the  cannel  coal  of  Wigan.  * 

Lower  part,  corresponding  to  the  ganister  series  of  Yorkshire. 

Cheshire.  —  The  coal-field  of  Cheshire  is  not  of  great  importance. 

North  Wales. — Flintshire  and  Denbighshire.  —  The  Flintshire  coal  basin  extends 
from  north  to  south,  somewhat  more  than  30  miles  from  Llanassa  to  near  Oswestry  in 
Shropshire.  The  coal  strata  dip  generally  eastward  and  form  in  the  northern  part  a 
trough  beneath  the  estuary  of  the  Dee.  This  coal  basin  in  Flintshire  commences  with 
beds  of  shale  and  sandstone.  The  coal  is  of  various  thickness,  from  f  to  5  yards,  and 
consists  of  the  common,  cannel,  and  peacock  varieties.  —  Phillips  and  Conybear. 

Cumberland.  —  This  coal-field  extends  as  a  narrow  crescent  from  Whitehaven  to 
near  Hesket  Newmarket:  — around  Whitehaven  and  at  Workington  the  coal  is  worked 
extensively.  At  the  latter  place,  a  few  years  since,  a  very  valuable  colliery  was 
destroyed  by  the  bursting  in  of  the  sea. 

There  are  three  workable  seams  in  the  Cumberland  coal-field  in  the  nei^bourhood 
of  the  three  undermentioned  towns,  and  these  are  known  in  each  place  by  the  names 
given : — 


Whitehaven. 

Workington. 

Maryport. 

Bannock  band. 
Main  band. 
Six-quarter  coal  or 
Low-bottom  seam. 

Moorbanks. 
Main  seam. 
Hamilton  seam. 

Ten  quarters. 

Cannel  and  metal  seams  (di- 
vided with  shale  from  2 
feet  to  5  fathoms  thick). 

Northumberland  and  Durham. — The  total  thickness  of  the  coal  measures  of 
•this  district  is  about  1600  feet.  The  number  of  distinct  layers  or  beds,  as  usually 
noted  by  the  miners,  about  600.  The  total  thickness  of  the  beds  of  coal  rarely  exceeds 
—  does  not  on  the  average  equal — 60  feet.  No  bed  of  coal  is  of  greater  thickness, 
•even  for  a  short  distance,  than  6  or  7  feet ;  several  are  so  thin  as  to  be  of  no  value  at 
present.  The  total  Jhickness  of  "  workable  coal,"  supposing  all  the  beds  to  be  found 
m  a  given  tract,  is  not  to  be  estimated  at  above  20  or  30  feet.  The  most  part  of  the 
coal  in  this  great  district  is  of  the  coking  quality,  but,  in  this  respect,  there  is  much 
variation.  The  best  coke  for  locomotive  engines  is  now  made  from  the  lower  coals 
in  the  Auckland  district  of  Durham,  and  the  Shotley  Bridge  district  of  Northumber- 
land. The  best  "  steam  coal "  is  obtained  from  the  north  side  of  the  Tyne  and  the 
Ely  til  district.  The  best  "house  coal"  still  comes  from  the  remains  of  the  "  High 
chain  "  on  the  Tyne,  and  from  the  "  Button  seam  "  on  the  Wear  j  but  the  collieries 
north  of  the  Tees  have  acquired  a  high  reputation.  _ 

As  a  general  view  of  the  groups  of  strata  the  following  summaries  may  suffice — 

(Foster  and  Buddie.)  n       i,     i     /o  „« 

Upper  groups  of  coal  measures,  including  chiefly  thin  seams  of  small  value  (8  or 
more)  in  a  vast  mass  of  sandstone  and  shales,  with  some  iron-stone.  At  the  base  is  a 
mussel  band ;  we  estimate  this  at  900  feet. 
On  the  Tyne  : — 

/  High  main  coal  -  -  - 
/  Strata  and  thin  coals  - 
I  Metal  coal  -  -  " 
.  y  Strata  and  thin  coals - 
§•<  \  Stone  coal  -  -  - 
g  ]  Strata  .  -  -  - 
^<  Yard  coal 

^   1  Strata     .      -      -  - 
Bensham  seam  -       -  - 
Strata  with  several  variable 
beds  and  some  layers  of 
mussels       -      -  - 
Low  main  coal  -       -  » 
Strata      .       -       -  - 
Hervey's  scam  - 
Strata  - 
Brochwell  seam 
Strata  above  millstone  grit 


Ft. 

6 
60 

1 
30 

3 
83 

3 
90 

3 


In. 

0 
0 
6 
0 
0 
0 
0 
0 
0 


150 
6 

200 
3 

300 
3 

200 


On  the  Wear  and  Tyne: — 

Ft.  In.  Ft. 


In. 


Unknown. 
Five-quarter  coal 


Main  coal  - 
Mandlin  seam  - 

Low  main  or  Button 
seam 

Beaumont  seam  - 

Brockwell  seam 


3    9  to  6  9 


5  6  to  6  0 
4    6  to  6  0 


.    4    6  to  6  6 

3    0  to  6  0 

3    0  to  6  0 
—Phillips. 
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The  scaivs  -which  are  principally  worked  in  this  district  are  the  high  main,  five- 
quarter  main,  Bcnsham  seam,  Hutton  seam,  Beaumont  seam,  low  five  quarter,  three- 
quarter  seam,  Brockwell  and  stone  coals.  These  seams  are  known  by  other  names, 
each  district  usually  adopting  its  own  peculiar  term  to  designate  the  workable  seams. 
Thus  the  Beusham  seam  of  the  Tyne  is  known  as  the  Maudlin  seam  of  the  Wear. 
The  Beaumont  or  Hervey  seam  is  the  Townley  seam  of  the  Townley  colliery  and 
the  main  coal  of  Wylam  colliery.  At  Hetton  the  high  main  seam  of  the  Cramlington 
district  separates  into  two,  and  is  called  the  three-quarter  seam  at  Pontoss;  where  it 
unites  again  it  is  known  as  the  Shieldrow  seam.  The  Cramlington  grey  seam  is  the 
metal-coal  seam  and  stone  coal  seam  of  Sherriff  Hill,  where  it  is  divided ;  while  it 
unites  at  Hetton  and  forms  the  five-quarter  seam  of  that  and  the  Auckland  district. 
The  Cramlington  yard  seam  becomes  the  main  coal  seam  at  Hetton,  Haswell,  and  some 
other  localities,  the  Brass  Thill  at  Pontoss,  and  the  main  coal  in  Auckland.  Again 
the  Cramlington  five-quarter  seam  divides  and  forms  the  six-quarter,  and  the  five- 
quarter  at  SherriiF  Hill  the  Brass  Thill  seam  at  Pittington  ;  they  again  unite  and  form 
the  Hutton  seam  at  Pontoss  colliery,  and  so  with  regard  to  a  few  otliQvs.  —  Mineral 
istatistics. 

Scotland.— "A  memoir  on  the  Mid-Lothian  and  East  Lothian  coal  fields"  bv 
JJavid  Milne,  gives  the  most  exact  account  of  the  carboniferous  system  of  Scotland 

Jrrfi  M     /  ^  P    ^^l  ^^"^  ^^'"'^^'^y         <^P-  6^8)  seen  that  the  Scotch 

coal-field  extends  from  the  eastern  unto  the  western  shore 

There  are  three  principal  coal-basins  in  Scotland  :  1.  that  of  Ayrshire  ;  2.  that  of 
iS  of  tt'rf  •'^  t'l^  ^^"7  °f  *e  Forth,  which  runs  into^he  second  in  the 

llh  l  .  Union  Canal.  If  two  lines  be  drawn,  one  from  Saint  Andrews  on  the 
Zt.   w  *°  ^'^P^t"<=k  on  the  Clyde,  and  another  from  Aberlady,  in  Had- 

dingtonshire, to  a  point  a  few  miles  south  of  Kirkoswald  in  Ayrshire,Vey  wiU 

In  ScJtlanr''"  ''^''^  ^^^'^  'i'^'=°^^^^<i  and  worked 

According  to  Mr.  Farey  there  are  337  principal  alterations  of  strata  between  the 
Zt!f  'f  It  f  F'sherrow,  on  the  banks  of  the  Frith  of  Forth  (wTiere  the 
highest  of  these  strata  occurj  and  the  commencement  of  the  basaltic  rock!  formW 
he  general  floor  and  border  of  this  important  coal-field.  These  tri^a  °L  intonanf 
n  the  form  of  a  lengthened  basin  or  trough,  and  consist  of  sandstone  sh^e  ro-,1 
limestone,  ironstone,  &c.  Sixty-two  seams^f  coal,  counting  ^L  douWe  stms  S 
thi'cin's^"  assemblages  of  stone  and  other  strat!;  in  all  SoooTet  fa 

district  is  stated  by  Mr  Griffith  t„  t  If  ^""^  ,^"°g^°°o°:     The  Munster  coal 

field,  but,  it  is  muc/leS  produSve     At  BaUvcastle  th'^"'  ^"^"^"^ 
with  hasnlt.— Phillips  At  liaUycastle  the  coal  is  found  m  connection 

of  t^V^iLf  Kinil'  'thVrrptlSVf?^^^^^^  Islands 
of  coal  in  other  parts  ™f  the  worlTesSlv  fn^^^^^^  knowledge  of  the  distribution 
now  traverse  every  sea  has  7pd  tn  t>f  ^  ^,  •  <=°™™ercial  people  whose  steamers 
the  following  account.  '  '°       compilation,  from  the  most  reUable  sourceT,  of 

boSSuTt^ttS  o?;t  tn^'  ft^rr  P--Pal  car- 

above  and  below  these  limi?s,  but  hey  appear  so' for  ^^VT'''''  ''''' 
extent.    Many  of  these  southern  coal-fields  are  of  doubtfnrinr^'  /°  onimitei 
supposed  to  approximate  to  the  class  of  true  coats  ^^  ^^  ^S^'  ^  are 

others  are  decidedly  of  the  brown  cnnl  -.n^  *   f-  '  commonly  styled 

tec™— 
So..h.„,a  Of  ,ho  T„,ie  0,  C„e„      exigence  o,  ^  e„„„p..,i., 
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European  and  American  hard  coalis  somewhat  uncertain.  There  seems  to  be  little  cnal 
on  the  South  American  continent.  The  discovery  said  to  be  made  at  Ano  Pascr,  needs 
confirmation,  and  of  that  in  the  province  of  Santa  Catharina  in  Brazil  -we  know  little. 
On  the  African  continent  we  have  had  vague  accouifls  of  coal  in  Ethiopia,  and  at 
Mozambique,  also  at  Madagascar,  and  quite  recently  we  have  had  intelligence  of  large 
quantities  of  coal  in  the  newly-ceded  territory  above  Port  Natal,  on  the  eastern  side  of 
Africa,  but  we  believe  no  geologist  has  examined  these  sites.  In  the  Chinese  and 
Burmese  empires  brown  coal  only  appears  to  approach  the  Tropic,  but  true  coal  seems 
to  exist  in  the  northern  provinces.  Southward  of  the  Asiatic  continent  we  arc  uncertain 
of  the  exact  character  of  the  coal  deposits,  such  as  occur  at  Sumatra,  Java,  and  Borneo, 
and  neighbouring  islands.  Coal,  however,  exists  in  these  islands,  and  is  of  a  fair 
workable  quality. 

In  New  South  Wales  the  great  coal  range  on  the  eastern  margin  of  that  continent 
has  sometimes  been  described  as  resembling  the  Newcastle  coal  in  England,  and 
sometimes  it  is  described  as  of  more  ancient  date.  This  coal  differs  essentially  from 
that  of  any  known  European  formation,  but  bears  a  strong  resemblance  to  the 
lJurdwan  coal  of  India. 

We  have  not  yet  arrived  at  the  period  when  we  could  pronounce  with  any 
approach  to  certainty  on  the  actual  number  of  coal  basins  in  the  world;  the  total 
number  must,  however,  amount  at  least  to  from  250  to  300  principal  coal-fields,  and 
many  of  these  are  subdivided  by  the  disturbed  position  of  the  strata  into  subordinate 
basins. 

The  basins  or  coal  districts  are,  however,  gi-ouped  into  a  comparatively  small 
number  of  districts,  and  even  many  of  these  are  little  known  and  not  at  all  measured. 
The  greater  number  occur  in  Western  Europe  and  Eastern  North  America,  while 
Central  and  Southern  Africa,  South  America,  and  a  large  part  of  Asia,  are  almost 
without  any  trace  of  true  carboniferous  rocks.  The  remarks,  therefore,  that  will 
follow  chiefly  refer  to  our  own  and  adjacent  countries,  or  of  the  United  States  and 
British  North  America. 

The  principal  coal-fields  of  Europe,  apart  from  the  British  Islands,  are  those  of 
Belgium,  France,  Spain  (in  the  Asturias),  Germany  (on  the  Ruhr  and  Saare), 
Bohemia,  Silesia,  and  Russia  (on  the  Donetz).  _  _  _ 

Belgium. — The  Belgian  coal-field  is  the  most  important,  and  occupies  two  districts, 
that  of  Liege  and  that  of  Hainault,  the  former  containing  100,000  and  the  latter 
200,000  acres.  In  each,  the  number  of  coal  seams  is  very  considerable,  but  the  beds 
are  thin  and  so  much  disturbed  as  to  require  special  modes  of  working.  The  quality 
of  coal  is  very  various,  including  one  peculiar  kind,  the  Flenu  coal,  unlike  any  found 
in  Great  Britain,  except  at  Swansea.  It  burns  rapidly  with  much  flame  and  smoke, 
not  giving  out  an  intense  heat,  and  having  a"  somewhat  disagreeable  smell.  There 
are  nearly  fifty  seams  of  this  coal  in  the  Mons  district.    No  iron  has  been  found  with 

the  coal  of  Belgium.  ,    ~  -r.  ,  •  j 

Mr  Dunn,  H.  M.  Inspector  of  CoUieries,  has  reported  on  the  coal  of  Belgium  :  and 
first  quoting  a  report  which  announces  that  the  mines  would  be  exhausted  in  twenty 
Tears  says  "This  announcement  comes  with  appalling  force  upon  the  numerousjoint- 
stock'companies.  *  *  *  According  to  the  report  of  M.  Briavionne,  Belgium  is  traversing 
towards  a  momentous  crisis  ;  and  I  am  much  inclined  to  confirm  the  writer  s  opinion 
that  according  to  the  present  plan  of  carrying  on  the  collieries,  notwithstanding  the 
hi^h  price  received  for  the  coals,  yet  that  coal  will  not  be  found  workable  to  profit  below 
the  depth  of  250  or  260  fathoms,  inasmuch  as  the  deeper  they  go  the  more  destructive 
Ind  unmanageable  will  be  the  effects  of  the  pressure."- TAe  Government  Mvnng- 

^Siu'mTf  tmVersed,  in  a  direction  from  nearly  west-south-west  to  east-north-east, 
by  a  laig?zone  of  bituminous  coal  formation.  The  entire  region  is  generally  de- 
scribed  under  two  principal  divisions. 

1   The  western  or  Hainault  division,  comprising  ,  ^  ,r 

1.  ihe  vesier^^^       ^^^.^^  ^^^^^     ^^^^^^       Couchant  of  Mons. 

That  of  Charleroi. 
b.  The  basin  of  Namur. 

2.  The  eastern  or  Liege  division. 

FRANCE  -The  most  important  coal-fields  of  France  are  those  of  the  basin  of  Loire, 


acres, 
nei 
are  in 
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Normandy.  Besides  these  there  are  several  others  of  smaller  dimensions  and  less  ex- 
tent, -whose  resources  have  not  yet  heen  developed.  The  total  area  of  coal  in  France 
has  not  heen  ascertained,  hut  is  probahly  not  less  than  2000  square  miles.  The  annual 
production  now  exceeds  4,000,000  tons.  But  the  coal  of  France  is  of  an  inferior 
description;  and,  therefore,  -when  good  and  strong  coals  are  required,  the  supply  is 
obtained  from  the  English  coal-fields.  The  mineral  combustibles  of  France  are 
divided  by  the  government  engineers  into 


Anthracite,  not  yielding  coke. 
Hard  coal,  short  flame. 
Forging  or  gaseous  coal. 


Gaseous  coal,  long  flame. 
Small  coal,  long  flame. 
Lignite,  Stipite,  &c. 


The  total  of  indigenous  fuel,  extracted  according  to  the  state  returns  is  47  222  743 
metrical  quintals  of  10'1465  to  the  English  ton. 

The  geological  phenomena  attendant  upon  the  coal  formations  in  France  are  that 
in  some  places  we  have  the  coals  resting  on  the  granite  and  schists,  and  in  others  on 
the  Silurian  rocks. 

Taylor  gives  the  details  of  eighty-eight  coal,  anthracite,  and  lignite  basins  in 
France.  In  1852  only  nine  of  these  produced  coal  to  any  extent.  The  total  produce 
of  all  the  coal-fields  being  4,816,355  tons,  valued  at  £1,870,072  sterling. 

Germany. — The  Germanic  Union — the  ZoUverein — embraces  the  following  prin- 
cipal coal-beds  : — 

r  Saxony. 
German  States  i  Bavaria. 

L  Duchy  of  Flesse. 
r  La  Ruhr,  in  Westphalia. 
Prussian  States  <  Silesia. 

[_  Saarbriick,  and  provinces  of  the  Bas  Rhin. 

The  true  coal  of  Prussian  Silesia  stretches  for  a  distance  of  seventeen  leao-ues  The 
most  recent  information  -we  have  been  able  to  obtain  as  to  its  production,  would  appear 
to  give  above  850,000  English  tons.  The  coal-fields  of  Westphalia  were  described 
by  Sedgwick  and  Murchison  in  1840.  The  productive  coal-beds  are  on  the  right 
bank  of  the  Rhme,  and  possess  many  features  in  common  with  the  English  coal-fields 
Bitummous  wood,  and  lignite  or  brown  coal  occur  extensively  in  some  districts' 
The  coal  basm  of  Saarbriick,  a  Rhenish  prc^ince  belonging  to  Prussia  has  thus 
been  described  by  Humboldt,  chiefly  from  a  communication  received  from  M  Vnn 
Dechen  : —  r  uu 

f  '!  ^"f^^  """"^  'f'^sures  at  Mont  St.  Gilles,  Lifige,  I  have  estimated  at  3650 
feet  below  the  surface,  and  3250  feet  below  the  sea  level      The  coal  basin  at -mZi 

w-l'Tt  'Vl''"'  "fP""-  ^l^'^f  depressions,  however,  are  i>?fli"g  when  compared 
with  that  of  the  coal  strata  of  the  Saar  rivers  (Saarbriick).  Affer  repeated^ri?I« 
I  have  found  that  the  lowest  coal  strata  known  in  the  county  of  Duttweiler  near 
?f1he  sea  Saar-louis,  dip  19,406  feet,  and  20,656  under  the  level 

The  coal  of  the  valley  of  the  Glane  is  bituminous,  and  of  good  qualitv  •  it  is  nrn 
curable  at  a  depth  of  112  feet,  and  the  seam  is  about  two  fe?t  in  thickness  nW 
50,000  tons  annually  are  produced  from  this  valley.    Coal  is  found  in  Wur  emb^r^ 
but  not  much  worked.    In  Saxony  are  extensive  ^ines  of  bituminous  coai  afsetf 
held,  near  Zivickau,  the  coal  alternates  with  porphyry.    Near  Dresden  a  bitn^in 

In  the  ThurmgeriDald  or  Thuringian  forest  some  coal  is  produced 
JJdnoary  and  other  countries  in  the  east  of  Europe  contain  tr„o' 
the  carboniferous  period;  but  the  resources  of  these  diSts  are 
developed.    On  the  banks  of  the  Donetz,  in  Russ  .7^1  is  worl-pH 
and  is  of  excellent  quality.  '  -worked  to  some  extent, 

AusTRiA_-Coal  occurs  in  Styria,  Carinthia,  Dalmatia,  the  Tyrol  Aloravin  T 
hardy,  and  Venice  ;  but  700,000  tons  appears  to  be  the  n  aximum  nnVn  ?  i 
the  empire.    The  basin  of  Vienna,  in  Lower  Austria  ^oAnc^ T  } 
coal,  which  belong  to  the  brown  coal  of  the  tertiary  period.  ^"'"^  ^"""^"^^  °f 

Bohemia. — In  tliis  kingdom  coals  are  a^1l1nfl^n^ .  r>r>„  „  i  £■  ■, , 

of  15  leagues,  and  a  breadtl  of  from  4  to  s  tlguel'  Betv^et  aoo^ono^''^  ^  '^"S''^ 
tons  are  produced  annually.  ^         -Between  300,000  and  400,000 

Vol.  I.  2  Z 
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Sweden. —  Anthracite  is  found  in  small  quantities  at  Danncmora ;  and  bituminous 
coal  is  worked  at  Helsingborg,  at  the  entrance  of  the  Baltic. 

Denmark. — The  island  of  Bornholm  and  some  other  islands  belonging  to  Denmark 
produce  coal,  but  it  would  appear  to  belong  to  the  Bftvey  coal  variety. 

Russia. — The  Donetz  coal-field  is  the  most  important.  In  that  extensive  district 
many  good  seams,  according  to  Sir  R.  I.  Murchison,  of  both  bituminous  and  anthra- 
citic  coal  exists. 

Turkey. — Coal  is  found  bordering  on  the  Carpathian  mountains,  in  Servia,  Rou- 
melia,  and  Bulgaria. 

The  coal  of  Heraclia,  on  the  south  coast  of  the  Black  Sea,  in  Anatolia,  has  been, 
since  the  Crimean  war,  exciting  much  attention. 

Spain. — Spain  contains  a  large  quantity  of  coal,  both  bituminous  and  anthracite. 
The  richest  beds  are  in  Asturias,  and  the  measures  are  so  broken  and  altered  as  to  be 
worked  by  almost  vertical  shafts  through  the  beds  themselves.  In  one  place  upwards 
of  11  distinct  seams  have  been  worked,  the  thickest  of  which  is  nearly  14  feet.  The 
exact  area  is  not  known,  but  it  has  been  estimated  by  a  French  engineer  that  about 
12,000,000  of  tons  might  be  readily  extracted  from  one  property,  without  touching 
the  portion  existing  at  great  depths.  In  several  parts  of  the  province  the  coal  is  now 
worked,  and  the  measures  seem  to  resemble  those  of  the  coal  districts  generally.  The 
whole  coal  area  is  said  to  be  the  largest  in  Europe,  presenting  upwards  of  100  workable 
seams,  varying  from  3  to  12  feet  in  thickness. 

The  Asturias  Mining  Company  are  working  many  mines  in  this  region,  and  they 
are  said  to  produce  400,000  tons  annually,  or  to  be  capable  of  doing  so.  In  Cata- 
lonia and  in  the  Basque  provinces  of  Biscay  there  is  found  anthracite  and  bituminous 
coals. 

In  the  Balearic  islands  also  coal  exists. 

Portugal. — Beds  of  lignite  and  some  anthracite  are  known  to  exist,  but  the  pro- 
duction of  either  is  small. 

Italy. — The  principal  coal  mines  of  Italy  are  in  Savoy  and  near  Genoa.  In  the 
Apennines  some  coal  is  found,  and  in  the  valley  of  the  Po  are  large  deposits  of  good 
lignite  and  a  small  quantity  of  good  coal  is  worked  in  Sardinia. 

North  Ajiekica.  —  There  are  in  North  America  four  principal  coal  areas;  com- 
pared with  which  the  richest  deposits  of  other  countries  are  comparatively  insignifi- 
cant. These  are  the  great  central  coal-fields  of  the  AUeghanies  ;  the  coal-fields  of 
Illinois,  and  the  basin  of  the  Ohio;  that  of  the  basin  of  the  Missouri;  and  those  of 
Nova  Scotia,  New  Brunswick,  and  Cape  Breton.  Besides,  there  are  many  smaller 
coal  areas  which,  in  other  countries,  might  well  take  rank  as  of  vast  national  import- 
ance, and  which  even  in  North  America  will  one  day  contribute  greatly  to  the  riches 
of  various  states. 

The  Alleghany  or  Appalachian  coal-field  measures  750  miles  in  length,  with  a 
mean  breadth  of  85  miles,  and  traverses  eight  of  the  principal  states  in  the  American 
Union.  Its  whole  area  is  estimated  at  not  less  than  65,000  square  miles,  or  upwards 
of  40,000  square  acres.    The  coal  is  bituminous  and  used  for  gas. 

Coal  has  been  found  in  Louisiana,  on  the  Iberville  rivers,  and  on  the  shores  of  Lake 
Bistineau:  it  is  also  reported  as  having  been  found  at  Lake  Borgne  — but  this  is 
probably  a  lignite.  In  Kentucky  both  bituminous  and  cannel  coal  are  worked  m  seams 
about  3  or  4  feet  thick,  the  cannel  being  sometimes  associated  with  the  bitummous  coal 
as  a  portion  of  the  same  seam  ;  and  there  are  in  addition  valuable  bands  of  iron  ore  (the 
argillaceous  carbonate}.  The  coal-field  of  Kentucky  extends  over  about  9000  square 
miles  In  Western  Virginia  there  are  several  coal-fields  of  variable  thickness,  one, 
gi  feet;  two  others  of  5,  and  others  of  3  or  4  feet.  On  the  whole  there  seems  to  be 
at  least  40  feet  of  coal  distributed  in  13  seams.  In  the  Ohio  district  the  whole  coal 
field  affords  on  an  average  at  least  6  feet  of  coal.  The  Maryland  district  is  less  ex- 
tensive, but  is  remarkable  as  containing  the  best  and  most  useful  coal,  which  is  worked 
now  to  some  extent  at  Frostbury.  There  appears  to  be  about  30  feet  of  good  coal  in 
4  seams,  besides  many  others  of  less  importance.  The  quality  is  mtermediate  between 
bituminous  and  anthracite,  and  is  considered  well  adapted  for  iron  making.  Lastly, 
in  Pennsylvania  there  are  generally  from  two  to  five  workable  beds,  yielding  on  an 
average  10  feef  of  workable  coal,  and  amongst  them  is  one  bed  traceable  for  no  less 
than  450  miles,  consisting  of  bituminous  coal,  its  thickness  bemg  from  12  to  14  teet 
on  the  south-eastern  border,  but  gradually  diminishing  to  5  or  6  fee  .  Besides  tue 
bituminous  coal  there  are  in  Pennsylvania  the  largest  anthracite  deposits  in  the  States, 
occupying  as  much  as  250,000  acres,  and  divided  into  three  P""«'P'^J,'lf  "yj'- 

The  Illinois  coal-field,  in  the  plain  of  the  TMississ.ppi,  .s  only  second  '"^I'"^;'"^^ 
to  the  vast  area  already  described.  There  are  four  principal  d^'is.ons  racoabh.  oj 
which  the  first,  or  Indian  district,  contains  several  se.ams  of  bitummous  coal,  d  stnbutea 
over  an  urea  of  nearly  8000  square  miles.     It  is  of  excellent  quality  for  many  pui 
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poses  ;  one  kind  buraing  with  much  light  and  very  freely,  approaching  cannel  coal 
lu  some  of  its  properties;  other  Icinds  consist  of  caking  or  splint  coal.  In  addition  to 
the  Indian  coal-field  there  appears  to  be  as  much  as  48,000  square  miles  of  coal  area 
m  other  divisions  of  the  Illinois  district,  although  these  are  less  known  and  not  at 
present  much  worked.  30,000  are  in  the  state  of  Illinois,  which  supplies  coal  of  ex- 
cellent quality,  and  with  great  facility.    The  coal  is  generally  bituminous. 

The  third  great  coal  area  of  the  United  States  is  that  of  the  Missouri,  which  is  little 
known  at  present,  although  certainly  of  great  importance. 

Taylor  states  that  at  least  one-eighth  of  the  State  of  Missouri  is  overlaid  by  coal 
measures.  6000  square  miles  are  assigned  to  the  coal-fields  of  Missouri.  Bituminous 
coal  IS  stated  to  have  been  found  in  the  Arkansas  vaUey,  and  brown  coal  and  lignite 
m  abundance  in  the  Upper  Missouri  valley. 

British  America  contains  coal  in  the  provinces  of  New  Brunswick  and  Nova  Scotia. 
The  former  presents  3  coal-fields  occupying  in  all  no  less  than  8000  square  miles  ; 
the  latter  exhibits  several  very  distinct  localities  where  the  coal  abounds.  The 
New  Brunswick  coal  measures  include  not  only  shales  and  sandstones,  as  is  usual  with 
such  deposits  but  bands  of  lignite  impregnated  with  various  copper  ;,res,  and  colted 
by  green  carbonate  of  copper.  The  coal  is  generally  in  thin  seams  lying  horizontallvT 
It  IS  chiefly  or  entirely  bituminous.  ®  uumuj'. 

Nova  Scotia  possesses  three  coal  regions,  of  which  the  Northern  presents  a  total 
thickness  of  no  ess  than  14,570  feet  of  measm-es,  having  70  seams,  whose  aggregate 
magni  ude  is  only  44  feet  the  thickest  beds  being  less  than  4  fee  .  The  Su  or 
central  district,  has  a  thickness  of  7590  feet  of  strata,  but  the  coal  is  far  more  abundant 

IT.ZTf'^'T''''^  "'""'y  "'^         '""^  P^'*  °f  ^ei'^g^f  excellent 

a^lapted  for  steam  purposes.  The  southern  area  is  of  less  importance.  Besides  the 
Nova-Scot.a  coal-fields  there  are  three  others  at  Cape  Breton,  yielding  diSferent  kinds 
of  coal,  of  which  one,  the  Sydney  coal,  is  admirably  adapted  for  domestic  purposes 
There  are  here  14  seams  above  3  feet  thick,  one  being  1 1,  and  one  9  feet  P^P"'"'' 

Newfoundlanb  COAL-FIELD—This  field  is  estimated  at  about  .5000  snuare  miles 
According  to  Mr.  Jukes,  now  Director  of  the  Geological  Survey  "nlrelaTtLe  TntTrP 
western  side  of  the  island,  along  a  space  of  356  miles  in  breadthyisVccupied  by  secondarv 
and  carboniferous  rocks.  The  coal  on  the  south-western  point  of  the  Island  hThpPn 
traced  at  intervals,  along  a  space  of  150  to  200  miles  to  the  north  east 

Greenland —Captain  Scoresby  discovered  a  regular  coal  formatiou  here  At 
westerJit        '  '^^"^  oTs^IsLd  on  tte 

Of ^rers^-^^-  --^c»ss!= 

h,Sir  Geor/e  Simpson  ^o:il^S  S'l^.^^tZZ.:::^  ^ 


c£^:rmn^''^T:\t^^^^  f™tion  exists  in  Upper 

formation  is  in  the  centre  of  the  Rool  v  Mnn!?  •  P"'"'"."  ««al 

6820  feet  above  the  leve  of  the  sea     Tn^..^  "''T'  '''"^  is 

appear  to  be  perfectly  mineralled  and  in  '"^"^  ^^'^  ^'<1 

lustrous." -i^remonf/i?^oTlS  ^"'i  remarkably 

^rX\lt\:^°^^^^^  Obiseo,  North  lat.  350.  There 

forrn^^n■.-^^^ef^lZ^^^^^  -™Pany.     A  coal 

Loredo,  and  on  the  Mexican  shore  within  amTv^vn/^ 

ably  fine  vein  of  coal  8  feet  thick  occurs  ^  ^^^'^rk- 

Texas.  — Coal  is  known  to  exist  in  Texas  ihn,-,n-h  ti,^ 
geologically  examined.     The  "Trinitv  co'f  and  M  n     ''^^ '^°™t'-y,  ^^^s  not  been 
rnfpd  W  tha  To   ^    .     .""^7  '^^^^  Mining  Comnanv"  wnc  i„  


SouTu  America. -In  the  r^ub  ic  of  Npw°^^^     7"  '°  ^^'^  Grande." 
Bogota,  coal  occurs:  also  in    K land  of  Ltrctr^'^P'r^      '^"'^  P«  do 
province  of  Panama.  ^'^^^>  and  brown  coal  in  the 
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Venezuela  is  said  to  contain  coal,  but  whether  brown  or  bituminous  coal  does 
not  appear  certain. 

Peru  appears  to  possess  some  coal,  but  a  fossil  charcoal  of  considerable  value  is 
more  abundant. 

Chili.  — The  coal  of  this  district,  has  been  examined  by  many  American  engi- 
neers, and  by  Captains  Fitzroy  and  Beechy  and  Mr.  Darwin.  In  1844  upward  of 
20  coal  mines  were  open  in  the  neighbourhood  of  Conception.  At  Tulcalinano  a  new 
seam  of  4^  feet  was  proved.  The  coal  is  described  by  W.  R.  Johnson  as,  "  in  external 
appearance  nearly  related  to  many  of  the  richest  bituminous  coals  of  America  and 
Europe  ; "  and  Mr.  Wheelwright,  in  his  report  on  the  mines  and  coal  of  Chili,  says, 
"  in  fact,  the  whole  southern  country  is  nothing  but  a  mine  of  coal." 

Brazil  does  not  appear  to  possess  much  coal  of  any  value,  beyond  a  few  lignites. 

The  West  Indian  Islands.  — Cuba,  in  the  vicinity  of  Havannah,  produces  a  kind 
of  asphaltum  much  resembling  coal,  the  analysis  of  which  gives,  carbon  34-97,  volatile 
matter  63  00,  ashes  2'03.  At  New  Havannah  a  similar  combustible  is  found  ;  but  it 
contains  71-84  of  carbon.  True  coal  does  not  appear  to  have  been  found  in  Jamaica. 
Sir  H.  de  la  Beche,  Trans.  Geological  Society  of  London,  describes  three  or  four  thin 
seams  of  coal  imbedded  in  shale  near  the  north-eastern  extremity  of  the  island. 

Barbadoes. — Bitumen  is  found  plentifully ;  and,  on  Grove  Plantation  estate,  a  good 
coal  is  stated  to  have  been  found. 

Trinidad.  —  The  pitch  lake  of  this  island  is  well  known.  Near  it,  and  it  is  believed, 
extending  under  it,  a  true  coal  of  superior  quality  is  worked. 

The  great  Carboniferous  Formations  of  these  islands  may  be  subdivided  into  four 
orders  of  rocks  :  1.  the  coal  measures,  including  their  manifold  alternations  of  coal- 
beds,  sandstones,  and  shales;  2.  the  millstone  grit  and  ^hale  towards  the  bottom  of 
the  coal  measures ;  3.  the  carboniferous  limestone,  which,  projectmg  to  considerable 
hei^^hts  above  the  outcrop  of  the  coal  and  grit,  acquires  the  title  of  mountam  lime- 
stone ;  4.  the  old  red  sandstone,  or  connecting  link  with  the  transition  and  primary 
roek  basin  in  which  the  coal  system  lies.  ■  e 

The  coal  series  usually,  but  not  invariably,  consists  of  a  regular  alternation  ot 
mineral  strata  deposited  in  a  great  concavity  or  basin,  the  sides  and  bottom  of  which 
are  composed  of  transition  rocks.  This  arrangement  will  be  clearly  understood  by  in- 
specting^^ 464,  which  represents  a  section  of  the  coal-field  south  of  Malmsbury. 


Mendip  hills. 


Dundry  hill. 


Wick  rocks.       Fog  hill  N.  of  Lansdowne. 


10,  cornbrash  and  Forest  marble. 

No  1  or  the  old  red  sandstone,  may  therefore  be  regarded  ^s.^he  characteristic 

Sid  affords  the  best  opportunity  of  examining  the  vai^eUes  o  the^^^^^^^^^^ 

The  limestone  consists  in  its  lower  beds  of  fine-grained,  end^^  extr^n^^^  g  ^^.^ 
slate,  known  in  the  district  in 
that  is  found  wherever  it  appears  at  tl?e  suitace  ^^"^.^'^  .  ,  ^^^ensive  beds  of 
it  but  sparingly.  Its  upper  beds  consist  5, /l'^'^^^*^  '^^"^^  ^  ^r^d  alternate  with 
stratified  limestone.    The  lowest  of  the  calcaieous  stiata  aie  ^^^^^  ^^^^^^ 

shale.    On  these  repose  thicker  strata  of  more  compact  limtstone,  oitcu 
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colour.  The  beds  are  often  dolomitic,  which  is  indicated  by  straw  yellow  colour,  or 
dark  pink  colour,  and  by  the  sandy  or  glimmering  aspect  of  the  rock. 

The  old  red  sandstone,  whose  limits  are  so  restricted  in  other  parts  of  England,  here 
occupies  an  extensive  area.  The  space  which  it  covers,  its  great  thickness,  its  high 
inclination,  the  abrupt  character  of  the  surface  over  which  it  prevails,  and  the  conse- 
quent display  of  its  strata  in  many  natural  sections,  present,  in  this  district,  advantages 
for  studying  the  formation,  which  are  not  to  be  met  with  elsewhere  in  South  Britain. 
In  the  neighbourhood  of  Mitchel  Dean,  the  total  thickness  of  this  formation,  inter- 
posed conformably  between  the  transition  and  mountain  limestone,  is  from  600  to  800 
fathoms.  The  old  red  sandstone  is  characterised  in  its  upper  portion  by  the  presence 
of  siliceous  conglomerate,  containing  siliceous  pebbles,  which  is  applied  extensively 
to  the  fabrication  of  millstones  near  Monmouth,  and  on  the  banks  of  the  Wye.  This 
sandstone  encircles  the  Forest  with  a  ring  of  very  elevated  ground,  whose  long  and 
lofty  ridges  on  the  eastern  frontier  overhang  the  valley  of  the  Severn. 

The  mountain  or  carboniferous  limestone,  is  distinguished  from  transition  limestone, 
rather  by  its  position  than  by  any  very  wide  diflFerence  in  its  general  character  or 
organic  remains.  According  to  the  measurements  of  Mr.  Mushet,  the  total  thickness 
of  the  mountain  limestone  in  this  field  is  about  120  fathoms.  The  zone  of  limestone 
belonging  to  this  coal-basin,  is  from  a  furlong  to  a  mile  in  breadth  on  the  surfiice  of 
the  ground,  according  as  the  dip  of  the  strata  is  more  or  less  rapid.  The  angle  of  dip 
on  the  northern  and  western  border  is  often  no  more  than  10°,  but  on  the  eastern  it 
frequently  amounts  to  80°.  The  calcareous  zone  that  defines  the  outer  circle  of  the 
basin,  suffers  only  one  short  interruption,  scarcely  three  miles  in  length,  where  in  con- 
sequence of  a  fault  the  limestone  disappears,  and  the  coal-measures  are  seen  in  contact 
with  the  old  red  sandstone. 

Coal  measures.  —  Their  aggregate  thickness  amounts,  according  to  Mr.  Mushet,  to 
about  500  fathoms.  1.  The  lowest  beds,  which  repose  on  the  mountain  limestone,  are 
about  40  fathoms  thick,  and  consist  here,  as  in  the  Bristol  coal-basin,  of  a  red  siliceous 
grit,  alternating  with  conglomerate,  used  for  millstones  ;  and  with  clay,  occasionally 
used  for  ochre.  2.  These  beds  are  succeeded  by  a  series  about  120  fathoms  thick,  in 
Which  a  grey  gritstone  predominates,  alternating  in  the  lower  part  with  shale,  and 
contammg  6  seams  of  coal.  The  grits  are  of  a  fissile  character,  and  are  quarried 
extensively  for  flag-stone,  ashlers,  and  fire-stone.  3,  A  bed  of  grit,  25  fathoms  thick 
quarried  for  hearth-stone,  separates  the  preceding  series  from  the  following,  or  the  4th' 
which  is  about  115  fathoms  thick,  and  consists  of  from  12  to  14  seams  of  coal  alternat- 
ing with  shale.  5.  To  this  succeeds  a  straw-coloured  sandstone,  nearly  100  fathoms 
thick,  forming  a  high  ridge  in  the  interior  of  the  basin.  It  contains  several  thin 
seams  of  coal  from  6  to  16  inches  in  thickness.  6.  On  this  repose  a  series  of  about 
12  tathoms  thick,  consisting  of  3  seams  of  coal  alternating  with  shale  7  This  is 
covered  with  alternate  beds  of  grit  and  shale,  whose  aggregate  thickness 'is  about 
100  fathoms,  occupymg  a  tract  in  the  centre  of  the  basin  about  4  miles  long  and 
2  miles  broad.  The  sandstone  No.  5  is  probably  the  equivalent  of  the  Pennant  in 
the  precediug  figure. 

The  floor,  or  pavement,  immediately  under  the  coal  beds  is,  almost  without  excen- 
tion,  a  grayish-slate  clay,  which,  when  made  into  bricks,  strongly  resists  the  fire 
This  fire-clay  varies  in  thickness  from  a  fraction  of  an  inch  to  several  fathoms' 
Ctay-ironstone  is  often  disseminated  through  the  shale. 

The  above  description  by  Dr.  Ure  holds  perfectly  correct  for  the  great  coal-fields 
of  south-western  England,  where  we  have  coal  measures,  millstone  grU,  and  mountain 
Imestone  m  regular  order,  the  latter  being  at  the  base  of  the  system.  As  we  pro- 
ceed northward  to  1  orkshire  and  Northumberland,  the  limestone  begins  to  alternate 
7ono  l!t  i^t^'i  measures,  the  two  deposits  forming  together  a  series  of  strata  about 
1000  feet  n  thickness  To  this  mixed  formation  succeeds  the  great  mass  of  genuine 
mountain  limestone.  In  Fifeshire,  in  Scotland,  we  observe  a  still  greater  denaZre 
from  the  type  of  the  south  of  England,  or  a  more  complete  interca  atton  of' d  n  e 
masses  of  marine  limestone,  with  sandstone  and  shales  containing  coal 

At  Brora  in  Sutherlandshire,  we  have  a  coal  formation  belonging  to  the  lower 
JoJmZm'      """'^  ^"'•"'^ '  '^'^  °f  Yorkshire,  L  Ue  TJZZ 

The  Brora  coal-field  is  the  most  remarkable  example  in  this,  or  in  perhans  anv 
country  hitherto  investigated,  of  a  pseudo  coal-basin  among  the  de^er  secoPndarv 
stra  a,  but  above  the  new  sandstone  or  red  marl  formation  The  Rev  D,  B^  / 
and  and  Sir  C  Lyell,  after  visiting  it  in  1824,  had  expressed  an  opinL  that  tL  st  1" 
there  were  wholly  unconnected  with  the  proper  coal  formation  HL  tf  '^'^ 
sandstone,  and  were  in  fact  the  equivalent  of  thronHHr.  !  -  the  new  red 

confirmed  by  the  subsequent  reseaS  of  S  r  R   Mu   h  soT'Vr.  Tr"" 
1«2,  p.  293.)    The  Brora  coal-field  forms  a  part  of  tte^ld^XS  whiS 
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range  along  the  south-east  coast  of  Sulherlandshire,  occupying  a  narrow  tract  of  about 
20  miles  in  length,  and  ;i  in  its  greatest  breadth. 

One  stratum  of  the  Brora  coal-pit  is  a  coal-shale^composed  of  a  reed-like  striated 
plant  of  the  natural  order  JSi/uiscluin,  which  seems  to  have  contributed  largely  towards 
the  formation  of  that  variety  of  coal.  From  this  coal-shale  the  next  transition 
upwards  is  into  a  purer  bituminous  substance  approaching  to  jet,  which  constitutes 
the  great  bed  of  coal.  This  is  from  3  feet  3  inches  to  3  feet  8  inches  thick,  and  is 
divided  nearly  in  the  middle  by  a  thin  layer  of  impure  indurated  shale  charged  with 
pyrites,  which,  if  not  carefully  excluded  from  the  mass,  sometimes  occasions  sponta- 
neous combustion  upon  exposure  to  the  atmosphere ;  and  so  much  indeed  is  that 
mineral  disseminated  throughout  the  district,  that  the  shales  might  be  generally 
termed  "  pyritiferous."  Inattention  on  the  part  of  the  workmen,  in  1817,  in  leaving 
a  large  quantity  of  this  pyritous  matter  to  accumulate  in  the  pit,  occasioned  a  sponta- 
neous combustion,  which  was  extinguished  only  by  excluding  the  air  ;  indeed  the 
coal-pit  was  closed  in  and  remained  un worked  for  four  years.  The  fires  broke  out 
again  in  the  pit  in  1827. 

The  purer  part  of  the  Brora  coal  resembles  common  pitcoal ;  but  its  powder  has  the 
red  ferruginous  tinge  of  pulverised  lignites.  It  may  be  considered  one  of  the  last 
links  between  lignite  and  true  coal,  approaching  very  nearly  in  character  to  jet, 
though  less  tenacious  than  that  mineral ;  and,  when  burnt,  exhaling  but  slightly  the 
vegetable  odour  so  peculiar  to  all  imperfectly  bituminised  substances.  The  fossil 
remains  of  shells  and  plants  prove  the  Brora  coal  to  be  analogous  to  that  of  the  eastern 
moorlands  of  Yorkshire,  although  the  extraordinary  thickness  of  the  former,  compared 
■with  any  similar  deposit  of  the  latter  (which  never  exceeds  from  12  to  17  inches), 
might  have  formerly  led  to  the  belief  that  it  was  a  detached  and  anomalous  deposit  of 
true  coal,  rather  than  a  lignite  of  any  of  the  formations  above  the  new  red  sandstone  : 
such  misconception  might  more  easily  arise  in  the  infancy  of  geology,  when  the  strata 
were  not  identified  by  their  fossil  organic  remains. 

On  the  coast  of  Yorkshire  the  strata  of  this  pseudo  coal  formation  appear  m  the 
following  descending  order,  from  Filey  Bay  to  Whitby.  1.  Coral-rag.  2.  Calcareous 
erit  3  Shale,  with  fossils  of  the  Oxford  clay.  3.  Kelloway  rock  (swelhng  out  mto 
an  important  arenaceous  formation^  5.  Cornbrash.  6.  Coaly  grit  of  Smith.  7. 
Pierstone  (according  to  Mr.  Smith,  the  equivalent  of  the  great  oolite).  8.  Sandstone 
and  shale,  with  peculiar  plants  and  various  seams  of  coal.  9.  A  bed  with  fossds  of  the 
inferior  oolite.  10.  Marl-stone  ?  11.  Alum-shale  or  lias.  All  the  above  strata  are 
identified  by  abundant  organic  remains.  ,     ,      ■,  •  ^ 

In  the  oolitic  series,  therefore,  where  the  several  strata  are  developed  m  conformity 
with  the  more  ordinary  type  of  these  formations,  we  may  venture  to  predict  witli 
certainty,  that  no  carboniferous  deposits  of  any  great  value  will  ever  be  discovered, 
at  all  events  in  Great  Britain.  Awant  of  such  knowledge  has  mduced  many  persons 
to  make  trials  for  coal  in  beds  subordinate  to  the  English  oolites,  and  even  superior  to 
them!  in  places  ^l^ere  the  type  of  formation  did  not  ofi:er  the  least  warrant  for  such 

''"sh  Ch^S  Lyell  remarks,  a  rich  harvest  of  fossils  has  been  obtained  from  the 
upper  carbonaceous  shales  and  sandstones  at  Gristhorpe  near  Scarborough.  The 
Zer  shales  are  well  exposed  in  the. sea  clilfs  at  Whitby,  -f^-^tfl/^Sf 
Tiv  />rn«  and  cvcadece.  They  contain  also  a  species  ot  colamite,  and  a  tossii  cauea 
L^letxm  coZnna^e\  which  maintains  an  upright  position  in  sandstone  strata  over  a 
Se  area    tZoi  Estheria  and  Mico,  colleeted  by  Mi-.  Bean  from  these  Yorkshire 

wSrfind  in  Sme  instanced  without  a  disloea.o. ^^^^^^^^^  tj^s  .  to^be 

line,  marked  A,  b,  c,  d,  represenis  ui^  i^'  „„„  ^„-sgt  p^ge  of  the  superior  coal, 
and  the  inner  elliptical  line  represents  the  crop  or  "^^^^f  ^^f  ^       transverse  sec- 

tion  of  the  line  c  d.    All  the  ^coompa  ym^  sometimes  nearly  c  rcular,  but  are 

parallelism.    These  basms  are  ge^^^^'y/  ^P^'^i'Xn  i^^  and  frequently 

'often  very  eccentric,  being  much  f  ^^'^^J^^^f^^uch  K^^^^^^^^  dip  than  the' other, 
one  side  of  the  basin  on  the  short  diameter  has  a  "^Jjf  f  ^^^.^^P  concavity  much 
^hieh  circumstance  throws  the  trough  Pf^j^^Vof  one  entire  basin,  it  is 

nearer  to  the  one  side  than  to  the  °ther.    Fiom  th  s  v  e w  oi  directions,  on 

evident  that  the  dip  o  t^ie  coa  ^^J^ata  .^J^ong^^^^^^  ^^^^ 
"^^^^^o^S.^^^^^^        tL  edges  of  a  nest  of  common 
basins.    The  waving  line  marks  the  river  Devon. 
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(fig.  465)  were  dislocated  by  two  slips  b  c  and  d  e,  the  slip  b  c  throwing  the  strata 
down  to  the  east,  and  the  slip  d  e  throwing  them  as  much  up  in  the  same  direction  the 
outcrops  of  the  coals  would  he  found  in  the  form  represented  in  fig.  468  of  which 
fig.  469  is  the  section  in  the  line  a  b,  and  fig  470  the  section  in  the  line  c  d. 

The  absolute  shape  of  the  coal-fields  in  Great  Britain  has  been  ascertained  with 
surprising  precision.    To  whatever  depth  a  coal-mine  is  drained  of  its  water  from 
that  depth  it  is  worked,  up  to  the  rise  of  the  water-level  line,  and  each  miner  con- 
tinues to  advance  his  room  or  working  place,  till  his  seam  of  coal  meets  the  alluvial 
cover  of  the  outcrop,  or  is  cut  oflF  by  a  dislocation  of  the  strata.    In  this  way  the  miner 
travels  in  succession  over  every  point  of  his  field,  and  can  portray  its  basin-shape 
most  minutely.  ^ 
Fig.  471  represents  a  horizontal  plan  of  the  Clackmannanshire  coal-field  as  if  the 
strata  at  the  outcrop  all  around  were  denuded  ' 
of  the  alluvial  cover.    Only  two  of  the  con- 
centric beds,  or  of  their  edges  a,  a,  are  re- 
presented, to  avoid  perplexity.    It  is  to  be 
remembered,  however,  that  all  the  series  of 
attendant  strata  lie  parallel  to  the  above  line. 
This  plan  shows  the  Ochill  mountains,  with 
the  north  coal-fields,  of  an  oblong  elliptical 
shape,  the  side  of  the  basin  next  the  moun- 
tains being  precipitous,  as  if  upheaved  by  the 
eruptive  trap-rocks ;  while  the  south,  the  east, 
and  the  west  edges  of  the  basin  shelve  out  at 
a  great  distance  from  the  lower  part  of  the 
concavity  or  trovgh,  as  miners  call  it.  Thus 
the  alternate  beds  of  coal,  shale,  and  sand- 
stone, all  nearly  concentric  in  the  north  coal- 
field, dip  inwards  from  all  sides  towards  the 
central  area  of  the  trough.    The  middle  coal- 
field of  this  district,  however,  which  is  formed 

by  the  great  north  slip,  is  merely  the  seg-  ^  ^ 

ment  of  an  elliptical  basin  where  the  strata  dip  in  every  direction  to  the  middle  or 

conl  fi  nT  <l^^Pe«t  part  of  the  segment.    The  south 

coal-field,  formed  by  the  great  south  slip,  is  likewise  the  segment  of  another  elliS 
basm,  similar  in  all  respects  to  the  middle  coal-field.  Beyond  the  outcrop  of  the  oo^k 
and  subordinate  strata  of  the  south  coal-fields,  the  conntei-dip  of  th^str^  takes  place 
Ctw^f-     ,-°*''r^'P''^  ^^^"'^^  the  coal  strata  in  the  Dunlrrfiefd  ?^ 

n^M^f-^Va^eVeSKolS  ^'^^'^  ^^^"^^^^ 

as|?;^^^^:SiS^^eS;^i^^.p^^ 
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dipping  northerly,  till  it  is  cut  across  by  the  great  south  slip  x,  -which  dislocates  the 
coal  and  the  parallel  strata  to  the  enormous  extent  of  1230  feet,  by  which  all  the 
coals  have  been  thrown  up,  not  simply  to  the  day,  but  are  not  found  again  till  we 
advance  nearly  a  mile  northward,  on  the  line  of  the  a\\\  where  the  identical  seams  of 
coal,  siiale,  &c.  are  observed  once  more  with  their  regular  inclination.  These  coals 
of  the  middle  area,  dip  regularly  northward  till  interrupted  by  the  great  north  slip  i/, 
•which  dislocates  the  strata,  and  throws  them  up  700  feet ;  that  is  to  say,  a  line  pro- 
longed in  the  direction  of  any  one  well-known  seam,  will  run  700  feet  above  the  line 
of  the  same  seam  as  it  emerges  after  the  middle  slip.  Immediately  adjoining  the 
north  slip,  the  coals  and  coal-field  resume  their  course,  and  dip  regularly  northward, 
running  through  a  longer  range  than  either  of  the  other  two  members  of  the  basin, 
till  they  arrive  at  the  valley  of  the  Devon,  at  the  foot  of  the  Ochill  mountains,  where 
they  form  a  concave  curvature,  or  trough,  a,  and  thence  rise  rapidly  in  an  almost 
vertical  direction  at  b.  Here  the  coals  with  all  their  associate  strata,  assume  con- 
formity and  parallelism  with  the  face  of  the  sienitic-greenstone  strata  of  the  Ochill 
mountains  c,  being  raised  to  the  high  angle  of  73  degrees  with  the  horizon.  The 
coal-seams  thus  upheaved,  are  called  edge-vielals  by  the  miners. 


In  this  remarkable  coal-field,  which  has  been  accurately  explored  by  pitting  and 
boring  to  the  depth  of  703  feet,  there  are  no  fewer  than  142  beds,  or  distinct  strata  of 
coal,  shale,  and  sandstone,  &c.,  variously  alternating,  an  idea  of  which  may  be  had  by 
inspecting  fg.  476.  Among  these  are  24  beds  of  coal,  which  would  constitute 
an  aggregate  thickness  of  59  feet  4  inches ;  the  thinnest  seam  of  coal  being  2 
inches  and  the  thickest  9  feet.  The  strata  of  this  section  contain  numerous 
varieties  of  sandstone,  slate-clay,  bituminous  shale,  indurated  clay,  or  fire-clay, 
and  clay  ironstone.  Neither  trap-rock  nor  limestone  is  found  in  connection 
with  the  workable  coals ;  but  an  immense  bed  of  greenstone,  named  Abbey 
Craig,  occurs  in  the  western  boundary  of  Clackmannanshire,  under  which  lie 
regular  strata  of  slate-clay,  sandstone,  thin  beds  of  limestone,  and  large  sphe- 
roidal masses  of  clay  ironstone,  with  a  mixture  of  lime. 

"  With  regard  to  slips  in  coal-fields,"  says  Mr.  Bald,  "we  find  that  there  is  a 
general  law  connected  with  them  as  to  the  position  of  the  dislocated  strata, 
which  is  this  :  — When  a  slip  is  met  with  in  the  course  of  working  the  mines— 
if  when  looking  to  it,  the  vertical  line  of  the  slip  or  fissure,  it  forms  an  acute 
angle  with  the  line  of  the  pavement  upon  which  the  observer  stands,  we  are 
certain  that  the  strata  are  dislocated  downwards  upon  the  other  side  of  the  fissure. 
On  the  contrary,  if  the  angle  formed  by  the  two  lines  above  mentioned  is  obtuse, 
we  are  certain  that  the  strata  are  dislocated  or  thrown  upwards  upon  the  other 
side  of  the  fissure.    When  the  angle  is  90°,  or  a  right  angle,  it  is  altogether 
uncertain  whether  the  dislocation  throws  up  or  down  on  the  opposite  side  ot  the 
slip     When  dikes  intercept  the  strata,  they  generally  only  separate  the  strata 
the  width  of  the  dike,  without  any  dislocation,  either  up  or  down;  so 
that  if  a  coal  is  intercepted  by  a  dike,  it  is  found  again  by  runnmg 
a  mine  directly  forward,  corresponding  to  the  angle  or  mclmation 
of  the  coal  with  the  horizon."—  Wernerian  Society  s  Memoirs,  vol.  iii. 

^"  The  Johnstone  coal-field,  in  Renfrewshire,  is  both  singular  and 
interesting.    The  upper  stratum  of  rock  is  a  mass  of  compact  green- 
t?ne  or  t?ap  above  100  feet  in  thickness,  not  at  all  in  a  conformable 
position  Sh  the  coal  strata,  but  overlying;  next  there  is  a  few  fathorns 
of  sX  sandstone  and  slate-clay,  alternating,  and  uncommonly  soft. 
Beneath  these  beds,  there  are  no  fewer  than  10  seams  of  coa^  lying  on 
^3  fach  other  with  a  few  divisions  of  dark  indurated  clay    These  coal- 
»S  Lams  have  Taggregate  thickness  of  no  less  than  100  feet;  a  mass  of 
Si  ronXistible  mauef,  in  the  form  of  coal,  unparalleled  for  its  accumulation 
al  °To  SiwTs  ack    The  greater  part  of  this  field  contains  on  y  beds 
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lapped  coal  and  the  double  coal,  -with  the  thick  bed  of  greenstone,  overlying  the 
coal-field. 

478 


a.  Alluvial  cover. 

b.  Bed  of  trap  or  greenstone. 

c.  Alternating  coal  strata. 

d.  Coal-seams. 


£•  Position  of  greenstone,  not  ascertained. 

f.  Strata  in  which  no  coals  have  been  found. 

g.  The  overlapped  coal. 

h.  The  double  coal. 


481 


Fig.  479  is  intended  to  represent  an  extensive  district  of  country,  containing  a 
great  coal  -basin,  divided  into  numerous  subordinate  coal-fields  by  dislocations.  The 
lines  marked  b  are  slips,  or  faults ;  the 

broad  lines  marked  c  denote  dikes  :  479 
the  former  dislocate  the  strata,  and 
change  their  level,  while  dikes  disjoin 
the  strata  with  a  wall,  but  do  not  in 
general  affect  their  elevation.  The 
two  parallel  lines  marked  a,  represent 
two  seams  of  coal,  variously  heaved 
up  and  down  by  the  faults;  whereas 
the  dikes  are  seen  to  pass  through  the 
strata  without  altering  their  relative 
position.  In  this  manner  partial  coal- 
fields are  distributed  over  a  wide  area 
of  country,  in  every  direction. 

Fig.  480  is  an  instance  of  a  convex 
coal-field  exhibited  in  Staffordshire,  at 
the  Castle-hill,  close  to  the 
town  of  Dudley.  1,  1,  are 
limestone  strata ;  2, 2,  are  coal. 
Through  this  hill,  canals  have 
been  cut,  for  working  the  im- 
mense beds  of  carboniferous 
limestone.  These  occur  in 
the  lower  series  of  the  strata 
of  the  coal-field,  and  therefore 
at  a  distance  of  many  miles 
from  the  Castle-hill,  beyond 
the  outcrop  of  all  the  workable 
coals  in  the  proper  basin- 
shaped  part  of  the  field  ;  but 
by  this  apparently  inverted 
basin-form,  these  limestoue 
beds  are  elevated  far  above 
th  e  le  vel  of  the  general  surface 
of  the  country,  and  conse- 
quently above  the  level  of  all 

have  been  chosen,  which  are  suffiriLflv  .  nv.  7    .      ^  ^^^'^  striking  types 

""""""""  ^-i^^^~its^tMt 
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illustration. 
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Nature  of  Coal. — True  coal  is  so  altered  from  its  original  vegetable  condition  as  to 
have  left  scarcely  any  trace  of  its  true  history.  It  is  generally,  however,  associated 
■with  sands  and  clays,  exhibiting  numerous  fragment*  of  the  ancient  vegetation  that 
obtained  at  the  time  of  its  formation  ;  but  these  fragments  are  so  far  removed  in  every 
respect,  from  the  existing  form  of  vegetation,  as  to  afford  little  clue  to  the  ancient 
condition  of  the  earth  in  this  respect.  In  coal  all  trace  of  true  woody  fibre  has  dis- 
appeared ;  the  water  originally  present,  and  so  injurious  in  the  less  altered  forms  of 
vegetable  fuel,  is  entirely  absent,  or  if  present  at  all,  is  so  rather  mechanically  than 
chemically,  while  the  water  originally  in  the  plant  appears  to  have  undergone  deccmi- 
"position,  the  hydrogen  uniting  -with  some  part  of  the  carbon,  to  form  carburetted 
hydrogen  gas  often  existing  in  the  cells,  and  between  the  plates  of  the  coal  under  con- 
siderable pressure,  and  the  oxygen  being  almost  entirely  removed.  The  former  vege- 
table has  now  become  a  mineral  substance,  and  lies  in  vast  beds  of  variable  thickness, 
and  overlaying  each  other  to  the  extent  sometimes  of  more  than  a  hundred  in  a  single 
district ;  such  beds  being  regularly  interstratified  with  deposits  of  sand  and  clay,  and 
occupying  a  distinct  geological  position,  being  with  only  a  few  exceptions  confined  to 
rocks  belonging  to  the  newer  part  of  the  pateozoic  series. 

The  changes  undergone  by  vegetable  matter  when  buried  in  the  earth,  and  accumu- 
lated in  large  quantities,  and  the  length  of  time  needed  to  produce  any  marked  altera- 
tion, are  subjects  rather  more  interesting,  it  may  seem,  to  the  chemist  than  to  the 
practical  man,  who  looks  only  for  fuel  that  he  may  employ  economically.  But  in- 
asmuch as  the  real  condition  of  coal  varies  considerably,  it  is  desirable  that  the  whole 
history  of  coal  and  lignite  beds,  should  be  generally  understood  by  any  one  using  these 
substances  extensively. 

Vegetable  matter  consists  of  carbon  in  combination  with  oxygen  and  hydrogen, 
as  its  principal  constituents ;  nitrogen  forming  but  a  small  although  an  important 
part  in  its  economy.  A  large  quantity  of  water  is  also  present,  and  so  long  as  the 
vegetable  lives,  there  is  a  constant  change  and  circulation  of  material  particles,  kept 
up,  replacing  and  renewing  the  different  portions.  When  death  takes  place,  there  is 
a  tendency  to  decomposition,  or  the  separation  of  the  whole  into  minute  atoms  having 
no  further  relation  to  each  other.  But  this  is  frequently  checked  by  various  condi- 
tions, such  as  the  presence  of  some  substances  derived  from  plants  themselves,  or  1;he 
absence  of  sufficient  oxygen  gas  to  allow  the  change  to  take  place  by  combining  with 
the  carbon  to  form  carbonic  acid  gas,  the  first  step  in  the  process  of  destruction. 
These  causes  act  constantly  but  partially,  and  thus  a  large  quantity  of  vegetable 
matter  is  always  in  the  course  of  decomposition,  while  in  particular  spots  a  large 
quantity  is  constantly  being  accumulated.  The  latter  condition  is  seen  in  our  climate 
in  the  gradual  but  steady  increase  of  peat  bogs.  .  .    i  i 

That  coal  is  derived  from  the  vegetable  kingdom  no  longer  admits  of  a  doubt,  hut 
the  class  of  plants  to  which  more  especially  we  are  to  look  for  the  origin  of  coal,  is  still  a 
matter  of  much  uncertainty  ;  and  the  conditions  under  which  the  change  is  brought 
about  are  very  imperfectly  understood,  and  indeed  by  many  geologists  entirely  mis- 
conceived. The  idea  generally  entertained  is,  that— already  described  m  part  —which 
supposes,  a  natural  basin  in  which  vegetable  matter  is  deposited,  the  layers,  accordmg 
to  circumstances  varying  in  thickness,  which  become  covered  with  mud  or  sand  and 
were  thus  entombed  ;  the  decomposition  and  disintegration  breaking  up  the  vegetable 

M?cTos'coJic  observers' assure  us  that  they  are  enabled  to  detect  ligneous  structure 
in  the  bituminous  coal.  Mr.  Quecket  has  given  a  great  number  of  drawmgs  in  proof 
of  this  and  he  refers  the  coal  to  the  wood,/  matter  of  an  extinct  class  of  the  Coniteia. 
ioSnlts  of  eminence,  however,  assure  us  that  there  is  no  evidence  of  ligneous  structure 
in  nnv  of  the  examples  brought  forward  in  proof  of  that  hypothesis. 

irr^Charles  Lydl  in  his  ef  cellent  Man^a/  of  Elementary  Geology  enters  largely  and 
wifh  his  usua  ludd  manner,  into  the  consideration  of  the  carboniferous  plants.  There 
Tanbe  no  doubt  of  the  existence  of  the  remarkable  flora  described      ^im  dnrmg  the 

-S:aZo^^S?C^Sl^s-wS'r^ed»Sn  ^o^S 
shales  or  '  roof '  of  ufe  coal,  ferns  and'trunks  of  trees  abound,  without  any  s  u,mar,c^ 
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Sigiltaria,  of  ■which  about  thirty-five  species  are  known  with  their  roots,  SligmaricE, 
and  Conifera  make  up  the  remarkable  flora  which  have  been  preserved  to  us  in  our 
coal  series. 

Trees  and  humbler  plants  in  great  variety  are  found  in  the  carboniferous  sandstones 
and  shales,  and  in  the  coal  itself,  but  it  does  not  appear  that  we  have  any  one  evidence 
of  the  actual  conversion  of  the  woody  fibre  of  these  plants  into  coal ;  that  is,  there 
is  no  evidence  of  the  direct  conversion  of  wood  into  bituminous  coal.  The  trees  are 
almost  invariably  silicified,  or  converted  into  columns  of  sandstone;  the  carbon  which 
constituted  the  original  woody  fibre  being  substituted  by  silica,  or  sometimes  by 
carbonate  of  lime,  aud  sometimes  by  iron.  Sir  Charles  Lyell  has  carefully  examined 
the  phenomena,  now  in  progress,  of  the  great  Delta  of  the  Mississippi,  and  he  per- 
ceives in  them  many  facts  which  fully  explain,  to  his  mind,  the  progress  of  coal 
deposit.  It  cannot,  however,  be  disguised  that  even  while  he  refers  the  coal  to  the 
supposed  submerged  forests,  he  does  not  venture  to  explain  any  of  those  changes, 
which  he  evidently  believes  depend  upon  some  peculiar  conditions  of  climate. 

Professor  John  Phillips,  who  has  devoted  much  study  to  this  subject,  says,  "  There 
is  no  necessity  to  enlarge  upon  the  proofs  of  the  origin  of  coal  from  vegetables,  drawn 
from  an  examination  of  its  chemical  constitution,  as  compared  with  the  vegetalsle  pro- 
ducts, and  the  composition  of  the  ligneous  parts  of  the  plants,  and  from  the  unanswerable 
identity  of  the  carbonaceous  substance,  into  which  a  vast  multitude  of  fossil  plants  have 
been  converted.  The  chemical  constitution  of  this  carbonaceous  product  of  the  indivi- 
dual vegetables,  is  exactly  analogous  to  the  chemical  constitution  of  coal ;  and  it  is  quite 
probable  that  hereafter  the  reason  of  the  variations  to  which  both  are  subject,  whether 
dependent  on  the  original  nature  of  the  plant  or  produced  by  unequal  exposure  to 
decay  after  inhumation,  or  metamorphic  subsequent  operations,  will  be  as  apparent 
as  that  of  the  general  argument  arising  from  a  common  vegetable  origin."  —  Manual 
of  Geology. 

Mr.  Jukes  says,  "If  therefore,  we  suppose  wood  (or  vegetable  matter j  buried 
under  accumulations  of  more  or  less  porous  rock,  such  as  sandstone  and  shale,  so 
that  it  might  rot  and  decompose,  and  some  of  its  elements  enter  into  new  combinations, 
always  using  up  a  greater  quantity  of  oxygen  and  nitrogen  than  of  carbon  and  hydro- 
gen, or  of  oxygen  and  hydrogen  than  of  carbon,  we  should  have  the  exact  con- 
ditions for  the  transformation  of  vegetable  matter  into  coal."  —  TAe  Student's  Manual 
of  Geology. 

Much  stress  has  been  laid  upon  the  fact  that  we  have  brown  coal  still  retaining 
all  the  unmistakeable  characters  of  wood,  and  the  apparent  passage  of  this  into  true 
coal. 

Goppert  states  that  the  timber  in  the  coal  mines  of  Charlottenbrunn  is  sometimes 
converted  into  brown  coal.  The  same  conversion  was  many  years  ago  found  in  an 
old  gallery  of  an  iron  mine  at  Turrach  in  Styria.  A.  Schrotter  explains,  according  to 
the  analysis  made  by  him,  this  conversion,  by  the  separation  of  marsh  gas  and  car- 
bonic acid  from  the  ligneous  fibre  of  oak  wood  Bischof. 

The  same  authority  says,  "  This  conversion  of  wood  into  coal  may  take  place  in 
four  dmerent  ways,  namely  : 

"1.  By  the  separation  of  carbonic  acid  and  carburetted  hydrogen. 
2-        ),  „  carbonic  acid  and  water. 

^'        "I  ))  carburetted  hydrogen  and  water. 

^'        "  »  carbonic  acid,  carburetted  hydrogen  and  water." 

Quoting  the  information  accumulated  by  Bischof  for  the  purpose  of  showine  the 
chemical  changes  which  take  place,  the  following  analyses  are  given  :— 


Oak  Wood  - 

Decayed  Oak  Wood 
Fossil  Wood 
Turf  - 
Lignite 
Coal  from  Marennen  - 
Retinite  from  the  br 

of  Walchow  - 
Peat  Coal  - 
Coal  - 


Carbon. 

Hydrogen. 

Oxygen. 

52-53 

5-27 

42-20 

53-47 

5-16 

41-37 

57-8 

5-8 

36-4 

60-1 

6-1 

33-8 

72-3 

5-3 

22-4 

76-7 

5-2 

18-1 

coal  mines 

80-3 

10-7 

9-0 

80-7 

4-1 

15-2 

82-2 

5-5 

12-3 

Authority. 


Gay-Lussac 
and  Thenard. 
Liebig. 
Eegnault. 
Vaux. 
Regnault. 
Bischof. 

Schrotter 

Baer. 
Bischof. 


716 


COAL. 


Such  is,  in  the  main,  the  evidence  brought  forward  in  support  of  the  view  that  coal 
is  the  result  of  the  decomposition,  upon  the  place  where  it  is  found,  of  woody  fibre. 
The  following  vemaiks  by  Professor  Henry  Rogers  on  ^le  structure  of  the  Appalachian 
coal  exhibits  some  of  tlie  difficulties  which  surround  this  view  : — 

"  Each  bed  is  made  up  of  innumerable  very  thin  lamina;  of  glossy  coal,  alternating 
with  equally  minute  plates  of  impure  coal,  containing  a  small  admixture  of  finely 
divided  earthy  matter.  These  subdivisions,  differing  in  their  lustre  and  feature,  are 
frequently  of  excessive  thinness,  the  less  brilliant  leaves  sometimes  not  exceeding  the 
thickness  of  a  sheet  of  paper.  In  many  of  the  purer  coal-beds  these  thin  partings 
between  more  lustrous  layers  consist  of  little  laminaj  of  pure  fibrous  charcoal,  in 
which  we  may  discover  the  peculiar  texture  of  the  leaves,  fronds,  and  even  the  bark 
of  the  plants  which  supplied  a  part  of  the  vegetable  matter  of  the  bed.  All  these  ulti- 
mate divisions  of  a  mass  of  coal  will  be  found  to  extend  over  a  surprisingly  large 
surface,  when  we  consider  their  minute  thickness.  Pursuing  any  given  brilliant 
layer,  whose  thickness  may  not  exceed  the  fourth  part  of  an  inch,  we  may  observe  it 
to  extend  over  a  superficial  space  which  is  wholly  incompatible  with  the  idea  that  it 
can  have  been  derived  from  the  flattened  trunk  or  limb  of  any  arborescent  plant, 
however  compressible.  When  a  large  block  of  coal  is  thus  minutely  and  carefully 
dissected  it  very  seldom,  if  ever,  gives  the  slightest  evidence  of  having  been  produced 
from  the  more  solid  parts  of  trees,  though  it  may  abound  in  fragments  of  their  fronds 
and  deciduous  extremities." 

It  is  not  possible,  within  the  space  which  can  be  afforded  to  this  article  in  the 
present  work,  to  examine  further  the  various  views  which  have  been  entertained 
by  geologists  and  chemists  of  the  formation  of  coal.  A  brief  summary  must  now 
suffice. 

1.  Coal  is  admitted  upon  all  hands  to  be  of  vegetable  origin. 

2.  Many  refer  coal  to  some  peculiar  changes  which  have  taken  place  in  wood ; 
others  to  the  formation  and  gradual  subsidence  of  peat  bogs  (_Unger).  Fuci  have  also 
been  thought  by  others  to  supply  the  materials  for  coal-beds. 

3.  By  some  the  coal  is  thought  to  be  found  upon  the  spots  on  which  the  trees  grew 
and  decayed.  By  others  it  is  supposed  that  vast  masses  of  vegetable  matter  were 
drifted  into  lakes  or  deltas,  to  be  there  decomposed. 

4.  Whether  the  plants  grew  on  the  soil  —  the  wider  clay  —  upon  which  the  coal  is 
found,  or  were  drifted  to  it;  there  must  have  been  long  periods  during  which 
nothing  but  vegetable  matter  was  deposited,  and  then  a  submergence  of  this  land,  and 
vast  accumulations  of  mud  and  sand.  The  number  of  coal  seams  in  some  of  our  coal 
fields,  and  the  thicknesses  of  the  strata  above  them,  have  been  already  given. 

Henry  Eogers  and  others  suppose,  that  the  whole  period  of  the  coal  measures  was 
characterised  by  a  general  slow  subsidence  of  the  coasts  on  which  we  conceive  that 
the  vegetation  of  the  coal  grew ;  that  this  vertical  depression  was,  however,  inter- 
rupted by  pauses  and  gradual  upward  movements  of  less  frequency  and  duration,  and 
that  these  nearly  statical  conditions  of  the  land,  alternated  with  great  paroxysmal 
displacements  of  the  level,  caused  by  the  mighty  pulsations  of  earthquakes.  (See 
Faults,  Heaves.) 

The  difiiculties  are  mainly  the  facts  — 

1.  That  the  evidence  is  not  clear  that  anything  like  ligneous  structure  can  be 

detected  in  coal.  ,     i.u  i, 

2.  That  the  woody  matter  found  in  coal  is  never  converted  into  coal,  altnougtt 
sometimes  it  appears  as  if  the  bark  was  so  changed. 

3  That  the  coal  arranges  itself  always  in  exact  obedience  to  the  underlying  sur- 
face as  though  a  semi-  fluid  mass  had  been  spread  out  on  a  previously  formed  solid  bed. 

4.'  The  thinning  out  of  true  coal  to  extreme  tenuity,  as  mentioned  by  Professor 
Rogers ;  numerous  examples  of  which  appear  in  this  country. 

5  The  extreme  difficulty  connected  with  the  subsidence  of  the  surface  of  the 
eartii  to  such  a  depth  as  that  to  which  the  lowest  seams  of  coal  extend. 

We  do  not  intend  to  answer  any  of  those  difficulties,  but  to  leave  the  question 
open  for  further  examination;  merely  remarking,  in  conclusion,  that  there  can  be 
no  doubt  of  the  vegetable  origin  of  coal;  the  only  question  is  the  conditions  of 
change  by  which  bituminous  coal  has  been  produced  from  vegetable  fi^^^^  -  and- 
that  we  have  not  completed  all  the  links  in  the  chain  between  brown  coal  and  true 

"""The  following  Table  shows  at  a  glance  the  chemical  difference  between  wood  and 
brown   oal  on  the  one  hand,  and  anthracite  on  the  other ;        -rves  to  exp  a^^^^  .Ja 
has  been  said  of  the  chemical  changes  ;  by  which  wood  is  supposed  to  pass  mto  bitu 
minous  and,  eventually,  anthracite  coal:  — 
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Pure  woody  fibre  ■ 
Beech  - 
Oak  - 
Pent  - 
Ditto 
Ditto 
Ditto 
LIfrnite 
Ditto 
Brown  coal  - 
Ditto 
Ditto 
Ditto 
Cannel  coal  - 
Cherry  coal  - 
Carr's  Hartly 
Steam  Wallsend  - 
Resolven 
Neath  Abbey 
Graigola 
Aberaman  - 
Anthracite  - 
Ditto 

Ditto 
Ditto 


Locality. 


Holland  - 

Long 

Bog  of  Allen 
Upper  Shannon 
Cologne  - 
Patagonia 
Neider  Alpen  - 
Wigan 
Bog  head  - 
Ditto  - 
Wigan 
Newcastle  - 
Ditto  - 
Ditto  - 
South  Wales  - 
Ditto  - 
Ditto  - 
Ditto  - 
Ditto 
Slievardagh,  Ire- 
land - 
Vizille  - 
Swansea  - 


Authority. 


Schddier 
Chevandier  - 

Ditto 
Milder  -      -  . 
Regnault 
Kane  - 

Ditto 
Regnault 
J.  A.  Phillips 
Regnault 
J.  A.  Phillips 
Hofmann 
Anderson 
Richardson  - 

Ditto 
Admiralty  Inquiry 

Ditto        -  . 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 
Jacqueline  - 
Regnault 


Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

.52-65 

5-25 

42-10 

48-89 

6'07 

43-11 

0-93 

50-64 

6-03 

42-05 

1-28 

89-27 

S-41 

35-32 

60-06 

6-21 

33-73 

61-02 

5-77 

32-40 

0-80 

61-21 

5-61 

31-44 

1-62 

63-42 

4-98 

27-1 1 

62-19 

5-08 

19-44 

6905 

5-20 

22-74 

80-21 

6-30 

8-54 

6S-66 

8-90 

64-02 

8-90 

5-66 

0-55 

83-75 

5-66 

8-03 

81-20 

5-04 

8-43 

79-83 

5-11 

7-26 

1-17 

83-71 

5-30 

2-79 

1-06 

79  33 

4-75 

1-38 

89  04 

5-05 

1-07 

84-87 

3-84 

7-19 

0-41 

90-94 

4-28 

0-94 

1-21 

91-44 

346 

0-79 

0-21 

80-03 

2-30 

0-23 

94-09 

1-85 

91-29 

2-33 

0-82 

0-45 

The  calorific  values  of  a  variety  of  coals,  as  tried  under  the  circumstances  con- 
sidered the  most  favourable  for  the  development  of  heat,  wUl  be  found  in  the  fol- 
lowmg  Table :  — 


Name  or  Locality  of  Coal. 


Graigola  -      -     -  - 
Anthracite,  Jones  and  Co. 
Old  Castle  Fiery  Vein  - 
Ward's  Fiery  Vein  - 
Binea      -      -      -  _ 
Llangenneck  - 
Pontrepoth     -      .  . 
Pontrei'ellin    -      -  . 
Powoil's  Duffryn 
Mynydd  Newydd  - 
Three-Quarter  Rock  Vein 
Cwm  Frood  Rock  Vein  - 
Cwm  Nanty  Gros  - 
Resolven  - 
Pontypool  - 
Bedwas    -      -      ,  - 
Ebbw  Vale     -      .  . 
Perth  Mawr  Rock  Vein  - 
Coleshill  -      .      -  . 
Dalkeith  Jewel  .Seam 
Dalkeith  Coronation 
Wallsend  Elgin 
Fordel  Splint  ... 
Grangemouth  -      -  - 
Broomhill  ... 
Park  End  Lydney  - 
Slievardagh  ... 


Actual  Number 
of  lbs.  of  Water 
converted 
into  Steam 
by  1  lb.  of 
Coal. 

Number  of  lbs. 

of  ^Vnler 
converted  into 
Steam  bv  the 
Coke  left  by 
llie  Coal. 

Practical. 

Theoretical. 

9-35 

11-301 

9-46 

12-554 

8-94 

10-601 

9  40 

9-94 

11 -.560 

8-86 

10-599 

8-72 

10-873 

6-36 

10-841 

10-149 

11-134 

9-62 

9-831 

8-84 

7-081 

8-70 

8-B28 

8-42 

8-243 

9 -.53 

10-:i34 

7-47 

8-144 

9-79 

8-897 

10-21 

10-441 

7-53 

6-647 

8-0 

6-468 

7-08 

6-239 

7-71 

6-924 

8-46 

6-560 

7-r,6 

6-5G0 

7-40 

7-292 

7-30 

7-711 

8-52 

6-.')G7 

9-85 

10-895 

Total  Number 
of  lbs.  of  Water 
convertible 
into  Steam 
by  1  lb.  of 
the  Coal. 


Theoretical. 

13-  563 

14-  593 
14-936 
14-614 
16  093 
14-260 
14-838 

13-  787 
1,5-092 

14-  904 

13-  106 

14-  788 
13  932 

13-  971 

14-  295 

14-  841 

15-  63.5 
12-811 
12-799 
12-313 

12-  772 

13-  422 
13-817 

13-  692 

14-  8G3 
13-257 
12-482 


Amount  of 
Ammonia 
corresponding 
to  the  Nitrogen 
contained  m 
the  Coal. 


0-497 

0-  225 

1-  590 
1-238 
1-686 
1-299 

0-  218 
a  trace 

1-  76 
1-808 
1-299 
1-347 
1-919 
1-675 
1-639 
1-748 
2622 
1-554 
1-785 
1-214 

a  trace 
1-712 
1-372 

1-  6  9 

2-  234 
1-477 
0-279 


Amount  of 
Sulphate  of 
Ammonia 
coTTespcnding 
to  the  Nitro/jen 
contained  in 
the  Coal. 


1-93-2 
0-990 
6-175 

4-  808 

6-  741 

5-  044 
0-848 

6-  835 

7-  340 
5-044 

5-  232 

7-  448 

6-  505 
6-364 
6-788 

10-182 
6-033 
6-930 

0-  471 

6-647 
6-3-i7 
6-364 

8-  674 

9-  617 

1-  084 


This  Table,  in  connection  -with  those  -which  -i^iii  he,  ft.  i      ^  -r. 

clearly  before  all  who  are  interested  i^  thl  question  of  tbp  h  ^""^^^  Fuel  will  place 
values  of  a  great  variety  of  British  and  eoals^a^^^^  Ss"^  °'  ''''''  ^'^^ 

An  inquiry  was  instituted  at  the  instance  of  Josenh  H,,m»  T?      at  r. 
commended  the  Admiralty  to  determine  a.  tL  IZ-        t'  F^'^''  "^^"^ 
value  of  the  fuel  used  in  the  Stean  Sy  '  The  res^^^^^^^^^  '^'°'''^<^ 
wiU  be  found  in  three  reports  furnished  o  thp  Pnt!  experimental  examination 

and  Dr.  Lyon  Playfair.  ^      ^"'"'^^'e^     the  Government  by  Sir  Henry  de  le  Beche 
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The  following  Table,  -which  has  been  constructed  from  these  Reports,  shows 
The  Mean  Composition  of  average  Sai^ples  of  Coals. 


Niimo  of  Coiil. 

c  Gravity. 

c 

a 

bO 

Nitrogen. 

c 

ntage  of 
left  by 
Coal. 

cc 
'3 

« 

o 

rt 
O 

0 
u 

a: 

P. 

9 
to 

W 

X 

0 

< 

01  <u  ^ 
i  "  « 

Sooth  Wales  :  — 

Ebbw  Vale  -       -  - 

1-275 

89-78 

5*1 5 

2-16 

1*02 

0*39 

1-50 

77-5 

^lerthyr      -       -  - 

1-30 

*«  00 

1-00 

1  00 

86-53 

Bedwas        -       -  - 

1-32 

80-61 

6*01 

1-44 

3*50 

1*50 

6-94 

71-7 

Plymouth  Work  - 

1-35 

88-49 

4*00 

0-46 

0*84 

3"82 

2-39 

82-25 

Resolven     .       .  - 

1-32 

79-33 

1-38 

0  U/ 

included 
in  Asli* 

y  41 

83-9 

Neath  Abbey 

1-31 

89-04 

D  UO 

107 

i  bU 

Q  'CK 
0  Di> 

61-42 

Ijlynvi         -       -  - 

1-28 

Q7*1  ft 

J  uo 

0-86 

1  00 

^  00 

0  ut 

72-94 

Llangennech 
Pontypool    -       -  - 

1-312 

ft  f^'A  A 

1-07 

2*44 

6"54 

83-69 

1-32 

ttU  /  V 

0  DO 

1-35 

O.QQ 

^  00 

<J  0£ 

64-8 

Newcastle  :  — 

Willington  - 

Q  C  .C  1 
OD  0  1 

1  y  t) 

1-05 

U  00 

I  uo 

72-19 

TT          1 1  '\'\T  n  ^  —  -1 

Haswell  Wallsend  - 

1-286 

00  4/ 

0  Do 

1-42 

\j  uo 

0  i  / 

62-70 

xieQiey  s  xiciruey  - 

1-31 

80-26 

5*28 

1-16 

1*78 

240 

9-12 

72-31 

Carr  s  Hartley 

1-25 

/  y  00 

oil 

1-17 

U  Om 

7-86 

5-21 

60-63 

N.  Percy  Hartley  - 

1-25 

oU  Uo 

0  yjo 

0-98 

\j  i  0 

Q'Ql 

3-22 

57'18 

Broomhill    -       -  - 

1-25 

Q  1  .T  A 

0  I  7U 

01/ 

1-84 

*x  01 

3-07 

59-20 

Derbyshire  -.  — 

61-6 

Elsecar  - 

1-296 

81'93 

4  00 

1-27 

u  y  1 

0  00 

Park  Gate    -       -  - 

1-311 

c  n.  A"? 
oU  0/ 

2-15 

1-11 

L  i  1 

Q.q  K 

1-80 

61-7 

Butterley  Portland 

1-301 

Q  A.  <  1 

'*  DO 

1-59 

n*ftA 

U  oD 

1  1  -QA 

i  1  ZD 

1-23 

60-9 

Staveley       -       -  - 

1-27 

79-85 

4*84 

1-23 

0*72 

10-96 

2-40 

57-86 

Lancashire : — 

7-44 
/  **** 

1-53 

64-0 

Ince  Hall  Arley  - 

1-272 

OS  bl 

0  i5D 

1-76 

Balcarres  Arley  - 

1-26 

Q  0  •  K  ,1 
00  04 

0 

0-98 

i  \JO 

5-87 

3-32 

62-89 

Peraberton  Yard  - 

1-348 

80*78 

0  -do 

1-30 

1  -ftO 
L  0^ 

7-53 

2-34 

60-6 

Rushy  Park  Mine 

Ocinnpl  Wicrfl.n        -  - 

1-28 

'7*7  •'7  C 

7  /  /  b 

1-32 

1*01 

8'99 

5-69 

50-66 

1-23 

79-23 

6-08 

1-18 

1*43 

7-24 

4-84 

60-33 

Balcarres,  5-feet  - 

1-26 

74-21 

5-03 

0-77 

2-09 

8-69 

9-21 

55-90 

Moss  Hall  New  Mine  - 

1-278 

77-50 

5-84 

0-98 

1*36 

12-16 

3-16 

57-7 

Scotch  :  — 
Wallsend  blgm 

120 

76-09 

5-22 

1-41 

1-51 

5-05 

10-70 

58-45 

Dalkeith  Coronation 

1-316 

76-94 

5-20 

trace 

0*38 

14-37 

3-10 

53-  5 

54-  94 

Eglinton      -       -  - 

1-25 

80-08 

6-50 

1-55 

1*38 

8-05 

2-44 

Dalkeith  Jewel  Seam  - 

1-277 

74-55 

5-14 

0-10 

0-33 

15-51 

4-37 

49-8 
56-6 

Grangemouth 

1-29 

79-85 

5-28 

1-35 

1*42 

8-58 

3-52 

Sundry : — 
Bagilt  -       -       -  - 
Ewlowe  - 
Ibstock  - 

1-269 
1-275 
1-291 

88-48 
80-97 
74-97 

5-62 
4-96 
4-83 

2-02 
1-10 
0-88 

1*36 
1*40 
1*45 

0-86 
8-20 
11-88 

1-62 

3-37 
6-99 

55-8 
54-5 
50-8 

Borneo : — 
Labuan  - 
Three-feet  Seam  - 
Eleren-feet  Seam  - 

1-28 
1-37 
1-21 

64-52 
54-31 
70-30 

4-  74 

5-  03 
5-41 

0-80 
0-98 
0-67 

1*45 
1*14 
1-17 

20-75 
24-22 
19-19 

7-74 
14-32 
3-23 

Van  Diemen's  Land  :  — 
Tingal 

Tasman's  Peninsula 
Whale's  Head 
Adventure  Bay  - 
Sydney  -       -       -  " 
Formosa       -       -  " 
Vancouver's  Island 
Conception  Bay  - 
Trinidad      -       -  - 

1-24 
1-29 

57-21 

DD  0^ 

65-  86 
80'2S 

78'2E 

66-  9; 

70-5 
65-2( 

3-58 
3-36 
3-18 
3-0£ 
5-3i 

;  5-7( 

)  5-3i 
5  5-7( 
}  4-2, 

1-20 
1-91 
1-12 
1-36 
1-23 
)  0-64 
>  1-02 
j  0-95 
5  1-33 

1*32 
1*03 
\'\4 
1'9C 
0-7C 
0-4£ 
2'2( 
1*9S 
0-6i 

7-80 
1-75 
7-20 
4-80 
)  8-32 
10-95 
)  8-70 
5  13-24 
)  21-69 

29  09 
26-41 
21-50 
8-67 

2-  04 

3-  96 
15-83 

7-52 
6-84 
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In  concluding  this  notice  of  mineral  fuel,  it  may  be  worth  while  to  draw  attention 
to  the  vas  and  t  overwhelming  importance  of  the  subject,  by  a  reference  both  to  the 
absolute  and  relative  value  of  the  material,  especially  in  the  British  Islands.  It  may 
be  stated  as  probably  within  the  true  limit,  if  we  take  the  annual  produce  of  the 
British  coal  mines  at  66,000,000  tons,  the  value  of  which  is  not  less  than  16,700,000/. 
sterhng  at  the  pit's  mouth,  which  may  be  estimated  at  the  place  of  consumption,  and 
therefore  including  a  certain  amount  of  transport  cost  necessary  to  render  available 
the  raw  material,  at  not  less  than  20,000,000Z.  The  capital  employed  in  the  coal 
trade  is  now  estimated  at  18,500,000/.  We  have,  therefore,  the  following  summary, 
which  will  not  be  without  interest  : — 

Value  of  the  coal  annually  raised  in  great  Britain,  estimated 

at  the  pit  mouth  -  -  -  .  .  16,700,000/. 

Mean  annual  value  at  the  place  of  consumption  -  -  -  20,000,000/. 
Capital  engaged  in  the  coal  trade  -  -  .  .  is.'sOO.'ooo/. 

Mean  annual  value,  at  the  furnace,  of  iron  produced  from 
British  coal  14,545,000/ 
COAL  BRASSES.  Iron  pyrites,  sulphide  of  iron  fonndin  the  Coal  Measures.  These 
are  employed  in  Yorkshire  and  on  the  Tyne  in  the  manufacture  of  copperas,  the  proto- 
sulphate  of  iron.  For  this  purpose  they  are  exposed  in  wide  spread  heaps  to  atmospheric 
action  ;  the  result  is  the  conversion  of  the  sulphur  into  sulphuric  acid,  which,  com- 
bining with  the  iron,  forms  the  sulphate  of  the  protoxide  of  iron,  which  is  dissolved 
out  and  recrystallised. 

The  iron  ores  palled  Brass,  occurring  in  the  „oa]  measures  of  South  "Wales,  were 
particularly  described  by  E.  Chambers  Nicholson  and  David  S.  Price,  Ph.  D.,  F.  C.  S. 
at  the  meeting  of  the  British  Association  at  Glasgow.    Their  remarks  and*  analyses 
were  as  follows  :  — 

"  There  are  three  kinds  of  ores  to  which  the  name  brass  is  applied ;  they  are  con- 
sidered to  be  an  mferior  class  of  ore,  and  are  even  rejected  hy  some  iron-masters 
One  IS  compact,  heavy,  and  black,  from  the  admixture  of  coaly  matter,  and  exhibits 
when  broken,  a  coarsely  pisiform  fracture.    A  second  is  compact  and  crystalline,  not 
unlike  the  darkest -coloured  mountain  limestone  of  South  Wales  in  appearance  The 
third  IS  similar  in  structure  to  the  first-named  variety;  the  granules,  consisting  of 
iron  pyrites,  are  mixed  with  coaly  matter,  and  cemented  together  by  a  mineral 
substance,  similar  m  composition  to  the  foregoing  ores.    It  is  from  the  yellow  colour 
ot  this  variety  that  the  name  brass  has  been  assigned  to  the  ores  by  the  miners, 
ihe  ores  have  respectively  the  following  composition  :  — 


I. 

II. 

III. 

Carbonate  of  iron 

Carbonate  of  manganese       -       -       -       .  . 

Carbonate  of  lime  

Carbonate  of  magnesia         -       -       -       -  . 
Iron  pyrites 
Phosphoric  acid 

Coaly  matter       -       -       .  . 

Clay 

68-71 
0-42 
9-36 

11-80 
0-22 
0-17 
8-87 

59-73 
0-37 
11-80 
15-55 
trace 
0-23 
9-80 
2  70 

17-74 

14-19 
12-06 
49-72 
trace 
6-10 

99-55 

100-18 

99-81 

It  contains,  we  may  remark,  is  bisulphuret  of  iron.  Pyrnes  wnich 

It  IS  to  the  ores  I.  and  II.  that  we  would  dire 
having  hitherto  been  comparatively  disregarded  ■ 


-  '   J    '•""'""■^i         WiOUi]JlJUiei.  lion, 

JL'luu}}.!  n'-.??,!"-..'^'^.'      would  direct  attention.    The  reason  of  their 

juted  either  to  their 
)eing  difficult  to  work 
liat  they  were  similar 
!  seen  from  the  above 

replaced  by  oth;^  bas^sT'Tf  I^erted^ircirsl^fhev  ^'''n       1"'"^^*^^^  "^^^^ 
afford  an  iron  equal  to  that  prTd^ceSrS  Ir^lIcTousTr:  ' 
amount  ot  lime  ana  macnesia  whioh  thu-^ 
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variably  melted.    This,  considering  the  almost  entire  absence  of  silica,  is  apparentlv 
an  unexpected  result.    Tlie  fused  mass  is  entirely  magnetic  and  crystalline.  Treated 
■with  acids,  it  dissolves  with  great  evolution  of  heat.  ^ 
"  The  following  is  its  composition  :  — 

Protoxide  of  iron  33.28 
Sesquioxide  of  iron  32-50 
Protoxide  of  manganese  q.q^ 

 -  12-84 

Magnesia  ig.gy 

Phosphoric  acid  -       -       -       .       .       .       -  0-17 

Sulphur  Q.03 

Silicic  acid     -  -       -       .       .       .       .       -  i-io 

Alumina        -  q-si 

99-98 

"  From  the  above  analysis,  it  is  probable  that  the  fusibility  of  the  compound  is 
owing  to  the  magnetic  oxide  of  iron  acting  the  part  of  an  acid.  When  thoroughly 
calcined  and  unfused,  the  ores  retain  their  original  form ;  and  if  exposed  to  the  air 
for  any  length  of  time,  crumble  to  powder  from  the  absorption  of  water  by  the  alka- 
line earths." 

COAL-GAS.  Although  the  employment  of  gas  for  illuminating  purposes  can  be 
traced  back  to  remote  periods  of  antiquity,  yet  the  substantial  history  of  this  appli- 
cation may  be  related  in  few  words.  In  various  places  and  at  different  times  issues  of 
inflammable  gas  from  the  earth  have  been  observed ;  the  holy  fires  at  Baku  on  the 
shores  of  the  Caspian  Sea,  and  those  of  Pietra  Mala  in  Italy  are  instances  ;  but  such 
issues  have  usually  been  only  regarded  with  superstitious  dread  by  the  ignorant  people 
who  have  observed  them.  The  Chinese  alone,  if  we  are  to  believe  the  accounts  of 
that  boastful  people,  have  many  centuries  ago  turned  these  natural  sources  of  in- 
flammable gas  to  useful  account,  and  have  rendered  them  available  both  for  heating 
and  illuminating  purposes.  Abundant  sources  of  inflammable  gas  exist  in  the  coal 
districts  of  this  country ;  and  in  some  localities,  as  at  Chat  Moss  in  Lancashire  for 
instance,  so  easy  is  this  gas  procurable,  that  it  is  only  necessary  to  plunge  an  iron  rod 
a  few  yards  deep  into  the  soft  peat,  and  then  on  its  withdrawal  to  insert  a  tin  tube, 
in  order  to  secure  a  copious  discharge  of  gas,  which  is  evolved  in  a  continuous  stream 
at  a  high  pressure  and  apparently  for  an  unlimited  period  of  time.  But  as  this  gas  con- 
sists of  nearly  pure  light  carburetted  hydrogen,  and  contains  no  luminiferous  consti- 
tuent, it  yields  scarcely  any  light  when  burnt  in  the  ordinary  manner,  and  cannot 
therefore  be  rendered  available  for  illuminating  purposes.  It  has,  however,  been 
successfully  employed  as  a  source  of  heat,  and  a  jet  of  it  was  long  made  use  of  as  the  sole 
fuel  to  heat  a  four-horse  boiler  used  for  agricultural  purposes.  As  early  as  the  year 
1659  Mr.  Thomas  Shirley  communicated  to  the  Royal  Society  a  paper  describing  some 
experiments  upon  an  inflammable  gas  issuing  from  a  well  near  Wigau  in  Lancashire, 
and  nearly  a  century  later  the  Rev.  John  Clayton,  having  noticed  the  same  phenome- 
non in  the  same  locality,  and  finding  on  digging  a  few  feet  into  the  soil,  that  the  gas 
issued  from  a  bed  of  coal,  he  was  led  to  try  whether  a  similar  gas  could  not  be  obtained 
artificially,  by  exposing  coal  to  heat  in  close  vessels.  He  succeeded  in  obtaining  an 
illuminating  gas,  and  amused  his  friends  by  collecting  it  in  bladders  and  burning  it 
from  a  hole  pricked  in  the  bladder.  The  particulars  of  these  experiments  Mr.  Clayton 
communicated  to  the  Royal  Society  in  the  year  1739.  But  he  does  not  appear  to 
have  thought  of  applying  his  discovery  to  any  practical  purpose,  and  it  was  not  until 
1792  that  the  gas  thus  artificially  obtained  was  used  for  illumination  by  Mr.  Murdock, 
who  first  lighted  his  house  and  office  at  Redruth  in  Cornwall,  and  afterwards,  having 
made  several  improvements  in  the  apparatus,  he  lighted  the  factory  of  ]\Iessrs.  Boulton 
and  Watt  at  Soho  about  the  year  1804,  and  in  1805  the  large  cotton  mills  of  Messrs. 
Philips  and  Lee  at  Manchester ;  those  of  Mr.  Lodge  at  Halifax  having  been  lighted 
about  the  same  time  by  Mr.  Clegg,  a  gentleman  to  whose  energy  and  scientific  skill 
gas  lighting,  in  its  earlier  stages  especially,  is  much  indebted.  In  the  year  1810  the 
Act  of  Parliament  incorporating  the  London  and  Westminister  Chartered  Gas-light 
and  Coke  Company  was  passed,  and  on  the  31st  of  December  1813,  Westminister 
Bridge  was  lighted  with  gas.  This  step  was  soon  followed  by  the  introduction  of  gas 
in  the  place  of  oil,  in  several  of  the  chief  thoroughfares  of  the  metropolis.  From  that 
period  the  progress  of  this  branch  of  the  chemical  arts  has  been  extremely  rapid 
and  satisfactory,  so  far  at  least  as  the  extension  of  the  manufacture  and  the  improve- 
ment of  the  mechanical  part  of  the  process  are  concerned.  Nevertheless,  although  the 
methods  employed  for  the  generation  and  purification  of  gas  have  been  rendered  more 
economical,  it  can  hardly  be  said  that  the  average  of  the  gas,  supplied  to  con- 
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sumers  in  London  and  the  provincial  towns,  is  either  purer  or  better  in  quality  than 
that  furnished  in  the  earlier  years  of  the  manufacture. 

Before  proceeding  to  describe  the  actual  processes  now  employed  for  the  generation 
of  illuminating  gas,  it  will  he  advisable  to  consider  briefly  the  general  scientific  prin- 
ciples involved  in  those  processes,  and  especially  the  chemical  relations  of  the  materials 
employed  for  the  generation  and  purification  of  illuminating  gas,  together  with  the 
bearings  of  chemistry  upon  the  operations  of  generating,  purifying,  and  burning  such 
gas. 

The  chemis/n/  of  gas-manufacture. — The  chief  materials  employed  in  the  manufac- 
ture of  gas  for  illuminating  purposes  are,  coal,  oil,  resin,  peat,  and  wood.  These 
materials,  although  very  dissimilar  in  appearance,  do  not  essentially  differ  from  each 
other  in  their  chemical  constituents,  they  may  all  be  regarded  as  consisting  chiefly  of 
the  elements,  carbon,  hydrogen,  and  oxygen,  and  their  value  for  the  production  of 
illuminatmg  gas  increases  with  the  increase  of  the  proportion  of  hydrogen,  and  with 
the  dimmution  of  the  relative  amount  of  oxygen.  Accordingly  we  find  that  oil  and 
resm  generally  produce  gas  larger  in  volume  and  better  in  quality  than  coal,  whilst 
peat  and  wood,  owmgto  the  large  proportion  of  oxygen  which  they  contain,  are  greatly 
mterior  to  coal  for  the  purposes  of  the  gas  manufacturer.  The  relative  proportions  of 
carbon,  hydrogen,  and  oxygen,  in  the  organic  part  of  these  substances,  is  seen  from  the 
lollowmg  comparison : 


Cannel  (Boghead)  - 
Cannel  (Wigan) 
Coal 

Oil  ... 
Eesin  .  -  - 
Peat  ... 
Wood  - 


Percentage  of 
Carbou. 

Percentage  of 
Hydrogen. 

Percentage  of 
Oxygen. 

80-35 

11-21 

6-71 

85-95 

5-75 

814 

88-15 

5-26 

5-41 

78-90 

10-97 

10-13 

79-47 

9-93 

10-59 

60-41 

5-57 

34  02 

50-00 

5-55 

■  44-45 

In  addition  to  the  three  essential  constituents  above  mentioned  most  of  these  mate 
rials  contain  small  and  variable  proportions  of  sulphur,  nitrogen  and  inorganic 
rnatter,  the  latter  constituting,  when  the  substance  is  burnt,  what  we  term  asl,  When 
these  substances  are  heated  to  redness,  they  undergo  decomposition,  a  considerable 
quantity  of  inflammable  gases  and  vapours  being  evolved,  whilst  a  re  idue,  consi  ting 
of  carbon,  or  of  carbon  and  ash,  remains  behind  in  the  solid  form.    When  a  mospheri? 
air  has  free  access  during  th  s  heating  operation,  the  inflammable  gases  anT  vapours 
burn  with  a  more  or  less  bright  flame,  as  in  a  common  fire;  whilst  the  carbonaceous 
residue  continues  afterwards  to  glow,  until  nearly  the  whole  of  the  carbon  is  consumed 
If,  however,  the  application  of  heat  be  made  without  access  of  air,  by  inclosinTth; 
materials  for  instance  in  an  iron  retort  provided  only  with  an  oat  et^f^  the  Lea  e 
of  gases,  the  decomposition  goes  on  in  much  the  same  manner  as  before  bu  the 
various  products  formed,  being  no  longer  exposed  to  the  simu  taneous  act  on  of 
atmospheric  oxygen,  do  not  undergo  combustion  ;  the  inflammable  e^^lT^J  ^T 
are  evolved  through  the  outlet  pipe  in  an  unbu^nt  condi  i^  an^re  ea^n  L^us 
residue  also  remains  unconsumed  in  the  retort    TJnon  onnlinn^  Donaceous 
thus  evolved,  the  latter  condense  more%7tss  intr^iqTd'r^  icl's^ r;Te^Xwo 
layers,  the  lower  one  forming  a  dense  black  oily  fluid,  commonly  known  a 
con  aming  several  solid  hydrocarbons  partly  in  solu  ion  and  nartlv  r«n=n  • 
whilst  the  other  one  consists  chiefly  of  an  aqLous  solution  of  tut  l  J      suspension  ; 
organic  matters  operated  upon  conkinernitroten  I    Vl  ammonia,  ,f  the 

process  destructive  distillation  consist  of  soUds  Va^^  ^^t  }^  ^"''^'T ''^ '^'^ 
stituents  may  be  thus  tabulated-  '  ^      '         ^ases.    These  con- 
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!•  Gaseoits. 

Name. 

Hydrogen  -  -  .  ,  . 
Light  carburetted  hydrogen  - 
Carbonic  oxide  -  -  -  . 
defiant  gas  -  .  .  .  . 
Propylene  -  -  .  .  . 
Butylene  -  .  .  .  _ 
Carbonic  acid  -  .  .  . 
Sulphuretted  hydrogen  ... 
Nitrogen      -       -       .       _  _ 

3  A 


Chemical  formula. 

-  H 

-  C'H^ 

-  CO 

-  C^H' 

-  C"!!" 

-  C«fP 

-  co= 

-  SH 

-  N 
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Aqueous  layer 
Oily  layer:  — 


» 
If 
>i 
>» 
i» 
>» 
>» 
» 
n 
n 


II.  LlQDID. 

Name.  Chemical  Tormula. 

; —Water  «•    -      -  HO 

Bisulphide  of  carbon     ....  CS' 

Benzol   C'^IP 

Toluol   C'<H» 

Cumol   cm" 


Cymol 
Aniline 
Picoline 
Leucoline 
Carbolic  acid 
Other  hydrocarbons 


C'^H'N 

CnHn* 
CnHn  +  2 
CnHn -6 


In  aqueous  layer : 


In  oily  layer:  — 


Chemical  formula. 

NH^OCO* 
NH^S  +  IIS 

NffCl 
C"H« 


III.  Solid. 

Name. 

-  Carbonate  of  ammonia 
Hydrosulphate  of  sulphide  of  ammonium 
Sulphite  of  ammonia      -       -       -  - 
Chloride  of  ammonium  -       -       -  ■ 
Paraffine 

„  Naphthaline  ------ 

„  Paranaphthaline    .       .       -       -  • 

„  Pyrene 
„  Chrysene 

In  practice,  there  is  not  such  a  perfect  separation  of  the  products  as  is  represented 
in  the  above  table;  thus  a  small  proportion  of  the  gases  dissolves  in  the  liquid  pro- 
ducts, whilst  most  of  the  liquids,  and  even  some  of  the  solids,  diffuse  themselves  m 
the  form  of  vapour,  to  a  certain  extent,  into  the  gases ;  and  the  solids  are  m  most 
cases  almost  completely  dissolved  in  the  liquids.  The  relative  proportions  also  in 
■which  these  products  occur  greatly  depend  upon  the  temperature  employed  m  the 
destructive  distillation,  and  the  length  of  time  during  -wHch  the  volatile  products  are 
exposed  to  it;  a  low  temperature  and  short  exposure  favouring  the  formation  of 
solids  and  liquids,  whilst  a  higher  heat  and  longer  exposure  determine  the  production 
of  a  larger  proportion  of  gases  at  the  expense  of  the  solids  and  liquids. 

The  usual  process  of  gas-making  consists  in  exposing  coal  or  cannel  to  a  bright- 
red  heat  in  close  vessels  of  convenient  size  and  shape,  until  all,  or  the  greater  part, 
of  the  volatile  matter  is  expelled.  Coke  is  the  material  left  in  the  retort,  and  the 
matters  volatilised  consist  of  condensible  vapours,  and  of  permanent  gases  more  or  less 
saturated  with  these  vapours.  By  a  simple  process  of  refrigeration  nearly  the  whole 
of  the  vapours  may  be  readily  condensed,  thus  separating  the  gases  more  or  less  per- 
fectly from  the  liquid  and  solid  products  of  the  distillation.  But  this  preliminary 
Ss  Tpurificaiion  leaves  the  gases  still  in  a  state  totally  unfitted  for  use  m  the 
nroduction  of  artificial  light.  They  still  retain  constituents,  which  ai-e  either  noxious 
rthemselve  ,  or  generati  noxious  compounds  when  they  are  bur«,  such  as  sulphu- 
ret  ed  hydrogen,  lulphide  of  ammonium,  carbonate  of  ammonia,  and  bisulphide  of 
carbon  ^They  also  contain  carbonic  acid,  which  greatly  diminishes  the  amount  of 

Besides  tnese  injur  ^  ,  contribute  anything  to  the  illuminating 
;re;1rthemLrJr\tr;Sm  denominated  ..-L,..  We  can  thus  clas- 
sify  the  constituents  of  coal-gas  as  foUows :—  


Illuminating  Ingredients. 


defiant  gas. 

Propylene. 

Butylene. 

Hydrocarbon  vapours  of 
the  formula  CnHn  and 
CnH(n-6). 

Vapours  of  hydrocar- 
bons of  the  formula 
CnH(n-12). 


Diluents. 


Hydrogen. 
Light  carburetted 

Carbonic  oxide. 


hydro- 


Impurities. 


Sulphuretted  hydrogen. 
Hydrosulphate  of  sulphide 

of  ammonium. 
Carbonate  of  ammonia. 
Carbonic  acid. 
Vapour  of  bisulphide  of 

carbon. 
Nitrogen. 
Oxygen. 
Aqueous  vapour. 


»  Here  n  means  an  oven  number,  as  2,  4,  6,  &c. 
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As  the  inteHigent  manufacture  of  gas  for  illuminating  purposes  requires  a  know- 
ledge of  the  leading  properties  of  the  compounds  included  under  the  three  heads  just 
mentioned,  we  will  now  proceed  briefly  to  describe  them. 

I.  Illuotnating  Ingredients. 

Okfiaiit  gas. — This  gas  has  been  proved  by  Berthelot  to  exist  in  coal-gas,  and  it  is 
probably  always  a  constituent  of  the  illuminating  gases  from  resin,  oil,  peat,  and  wood. 
It  is  occasionally,  though  rarely,  met  with  in  nature,  as  a  product  of  the  action  of 
volcanic  heat  upon  coal-bearing  strata;  it  never  occurs,  however,  in  coal  strata  under 
ordinary  circumstances,  and  no  trace  of  it  has  ever  been  met  with  amongst  the  gases 
issuing  from  the  coal  strata  of  thiscountry,  and  which  have  been  investigated  by  Graham, 
Playfair,  and  others.  Olefiant  gas  can  be  prepared  nearly  pure  by  heating  in  a  glass 
retort  a  mixture  of  1  part  by  weight  of  alcohol,  and  6  parts  of  oil  of  vitriol.  The 
gas  must  be  passed  through  solution  of  caustic  soda,  to  remove  sulphurous  and  car- 
bonic acids  with  which  it  is  generally  contaminated. 

Olefiant  gas  is  colourless,  and  possesses  a  peculiar  and  slightly  unpleasant  odour. 
Its  specific  gravity  is  rather  less  than  that  of  atmospheric  air,  being  -9784:  100 
cubic  inches,  at  60°  F.  and  30  inches  barometrical  pressure,  weigh  30-3418  grains.  It 
consists  of  two  volumes  of  carbon  vapour  and  four  volumes  of  hydrogen,  the  six 
volumes  being  condensed  to  two.  It  contains,  in  a  given  bulk,  exactly  twice  as  much 
carbon  as  is  contained  in  light  carburetted  hydrogen.  Olefiant  gas  is  inflammable, 
but  does  not  support  combustion:  when  inflamed  as  it  issues  from  a  jet  inlo  the  atmo- 
sphere, it  burns  with  a  white  flame,  emitting  a  very  brilliant  light  without  smoke.  In 
burning,  it  consumes  three  times  its  volume  of  oxygen,  and  produces  twice  its  volume 
of  carbonic  acid.  Exposed  to  a  full  red  heat,  as  in  passing  through  a  red-hot  tube,  it  is 
rapidly  decomposed,  carbon  being  deposited,  whilst  hydrogen  and  light  carburetted 
hydrogen  are  produced  ;  exposure  to  a  full  red  heat  consequently  soon  entirely  destroys 
its  illuminating  power. 

Propylene  and  biitylene.— The  first  of  these  highly  illuminating  constituents  of  coal- 
gas  may  be  obtained  by  passing  the  vapour  of  fusel  oil  through  a  red-hot  tube,  and 
the  second  by  the  electric  decomposition  of  valerate  of  potash.  Both  these  gases  are 
colourless,  possess  a  slight  ethereal  odour,  and  burn  with  a  brilliant  white  flame.  Like 
olefiant  gas,  they  are  rapidly  decomposed  at  a  bright  red  heat,  depositing  njuch  carbon 
and  bemg  converted  into  the  non-illuminating  gases  —  hydrogen  and  light  carburetted 
hydrogen.  Propylene  consists  of  three  volumes  of  carbon  vapour  and  six  volumes  of 
hydrogen  condensed  to  two  volmnes.  It  therefore  contains,  in  a  given  volume,  one- 
half  more  carbon  than  olefiant  gas.    Its  specific  gravity  is  1-451 1. 

Butylene  consists  of  four  volumes  of  carbon  vapour  and  eight  volumes  of  hydrogen 
the  twelve  volumes  being  condensed  to  two;  it  consequently  contains,  in  a  given 
volume,  twice  as  much  carbon  as  olefiant  gas.    Its  specific  gravity  is  1-9348 

Vapours  of  hydrocarbons  of  the  form  CnHn.— A  considerable  number  of  compounds 
having  this  formula  are  known  to  exist  in  coal-tar,  and,  as  many  of  them  are  very 
volatile  they  must  be  ditfused  as  vapours  in  coal-gas  ;  but  as  they  have  not  yet  been 
successfully  disentangled  from  each  other,  no  account  of  their  individual  properties 
can  be  given;  they  all,  however,  contain  more  carbon  in  a  given  volume  than  buty- 
lene, and  must  therefore  contribute,  proportionally  to  their  volume,  a  greater  illumi- 
nating power  than  any  of  the  gaseous  hydrocarbons.  They  are  all  readily  decomposed 
at  a  bnght-red  heat,  chiefly  into  carbon  and  non-illuminating  gases 

Vapours  of  hydrocarbons  of  the  formula  CnH(n-6).-These  consist  chiefly  of  ben- 
zo  toluol,  cumol,  and  cymol,  compounds  which,  being  components  of  the  more 
Jo^^  -h  r"'""  ^'^'"'^  themselves  into  the  gasfous  products  of  distillation! 

contnbuting  m  no  inconsiderable  degree  to  the  total  illuminating  efi-ect  of  the  gas 
fot  o°Tr°r,'  substances  has  been  already  given  in  the  Table ;  and  it  is  tliere-' 

tbr!.  ^  necessary  here  to  remark,  that  benzol  vapour  contains,  in  a  given  volume 
three  times  as  much  carbon  as  olefiant  gas,  whilst  the  vapours  of  toluol  cLol  ?nd 

CS-"''-''''"?'  *°  ^  S'-e^t  extent  the  peculiar  odour  of  coal-gas    ^  ' 

3  A  2  .  > 
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but  as  this  cannot  always  be  avoided,  the  prevention  of  such  deposits  might  perhaps 
be  best  effected  by  passin"-  tlie  gas  over  a  large  surface  of  coal  oil  before  it  is  led  into 
the  mains.  The  oil  would  absorb  so  much  of  the  naphthaline  as  to  prevent  any  sub- 
sequent deposition.  The  vapour  of  naphthaline  contains,  in  an  equal  volume,  five 
times  as  much  carbon  as  defiant  gas.  The  amount  of  light  yielded  by  these  illumi- 
nating constituents  is  directly  proportionate  to  the  amount  of  carbon  contained  in  an 
equal  volume  of  each ;  taking,  therefore,  the  illuminating  power  of  olefiant  gas  as 
unity,  the  following  numbers  exhibit  the  relative  illuminating  values  of  equal  volumes 
of  the  several  luminiferous  constituents  of  gas : — 


Propylene  -       -  -  1-5 

Butylene   -       -  -  Si'O 

Amylene  -       -  -2-5 

Hydride  of  amyl  -  2'5 

Hydride  of  hexyl  -  3*0 

Hexylene  -       -  -  3-0 


Benzol  -  -  -  ■  3"0 
Toluol  -  -  -  3-5 
Heptylene  -  -  -  3"5 
Cumol  ...  4-0 
Cymol  -  .  .5-0 
Naphthaline      .       .  5*0 


II.  Diluents. 

Hydrogen. —  This  element  constitutes  one  ninth  of  the  total  weight  of  the  waters  of 
our  globe,  and  with  one  or  two  unimportant  exceptions,  enters  into  the  composition  of 
all  animal  and  vegetable  substances  and  of  the  products  derived  from  them,  as  peat, 
coal,  oils,  bitumen,  &c.  It  is  however  very  rarely  met  with  in  nature  in  a  free  or 
uncombined  state ;  having  hitherto  only  been  thus  found  in  the  gases  emitted  from 
volcanoes. 

Hydrogen  gas  may  be  obtained  in  abundance  and  nearly  pure  by  passing  steam 
over  iron,  zinc,  and  several  other  metals,  in  a  fine  state  of  division,  at  a  full  red  heat. 
Mixed  with  carbonic  oxide  and  carbonic  acid  gases,  it  is  also  generated  in  large 
quantity  when  steam  is  passed  over  charcoal,  coke,  or  other  carbonaceous  substances 
at  a  red  heat.  In  all  these  cases  the  watery  vapour  is  decomposed,  its  hydrogen  being 
liberated,  whilst  its  oxygen  unites  with  the  metal  or  carbon,  forming  in  the  first  case 
a  solid  non-volatile  oxide,  which  encrusts  the  pure  metal,  and  soon  stops  further  action  ; 
in  the  second  case  a  gaseous  oxide  of  carbon  is  generated,  and  passes  off  along  with 
the  hydrogen,  thus  leaving  the  carbon  freely  exposed  to  the  further  action  of  the 
watery  vapour.  When  carbon  is  used  that  portion  of  the  steam  which  is  converted 
into  hydrogen  and  carbonic  oxide  yields  its  own  volume  of  each  of  these  gases  ;  and 
that  portion  which  forms  hydrogen  and  carbonic  acid  affords  its  own  volume  of  hy. 
drogen  and  half  its  own  volume  of  carbonic  acid.  The  amount  of  watery  vapour 
which  undergoes  the  latter  decomposition  decreases  as  the  temperature  at  which  the 
operation  is  conducted  increases.  At  a  white  heat  scarcely  a  trace  of  carbonic  acid 
is  produced. 

Hydrogen  is  the  lightest  of  all  known  bodies,  its  specific  gravity  being  only  -0691  ; 
100  cubic  inches,  at  60°  Fahr.  and  30  inches  barometric  pressure,  weigh  only  21371 
grains.  It  has  a  powerful  afiSnity  for  oxygen,  but  developes  scarcely  any  light  during 
combustion  ;  when,  however,  solid  substances,  such  as  lime,  magnesia,  or  platinum,  are 
held  in  the  flame  of  hydrogen,  considerable  light  is  emitted.  Burnt  in  air  or  oxygen 
gas,  it  is  entirely  converted  into  watery  vapour,  which  condenses  upon  cold  sui-faces 
held  above  the  flame. 

Light  carburetted  hydrogen— This  gas  consists  of  carbon  and  hydrogen  m  the  pro. 
portion  of  6  parts  by  weight  of  the  former  element  combined  with  2  parts  of  the 
latter.  Owing  to  its  being  copiously  generated  in  marshy  swampy  places,  it  is  fre- 
quently termed  marsh  gas,  and  from  certain  considerations  relative  to  its  chemical 
constitution,  it  has  more  recently  received  the  name  of  hydride  of  methyl  It  enters 
laro-ely  into  the  composition  of  coal-gas,  and  is  also  a  natural  product  of  the  slow  de- 
composition of  coal,  and  of  putrefaction  in  general.  Thus  it  occurs  in  enormous 
quantities  in  the  coal  strata,  and  bubbles  up  from  stagnant  pools  and  ditches  which 
contain  putrefying  organic  remains.  As  thus  generated,  it  is  mixed  with  small  quan- 
tities of  carbonic  acid  and  nitrogen  ;  it  can,  however,  be  artificially  prepared  perfectly 
pure,  but  the  processes  need  not  be  described  here.  ,  .     ,  ■ 

Light  carburetted  hydrogen  when  pure  is  colourless,  tasteless,  and  modormis  ;  it  is 
neutral  to  test  papers,  and  nearly  insoluble  in  water;  its  specific  gravity  is  and 
100  cubic  inches,  at  60°  Fahr.  and  30  inches  barometric  pressure,  weigh  1/  4  b6 
grains.  It  does  not  support  combustion  or  respiration,  but  is  inflammable,  buini 
with  a  blue,  or  slightly  yellow  flame,  yielding  scarcely  any  hght.  .Mixedjvi  h  a  due 
proportion  ^jf  atmospheric  air  or  oxygen,  and  ignited,  it  explodes  with  great  violence, 
the  products  of  its  combustion  are  water  and  carbonic  acid.  jpoom. 

\^hen  light  carburetted  hydrogen  is  exposed  to  a  white  heat,  it  is  slowly  decern- 
posed,  depositing  carbon,  and  yielding  twice  its  volume  of  hydrogen. 

Carbonic  o.r/rt-This  gas  consists  of  6  parts  by  weight  of  carbon,  and  8  parts 
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of  oxygen.  It  is  formed  yhen  carbon  is  consumed  in  a  limited  quantity  of  air  or 
oxygen,  and  is  also  generated,  as  stated  above,  when  steam  is  passed  over  ignited 
coke  or  charcoal,  or  when  coal  tar  and  steam  meet  in  a  red-hot  vessel.  It  is  always 
a  constituent  of  coal-gas. 

Carbonic  oxide  is  a  colourless  and  inodorous  gas,  rather  lighter  than  atmospheric 
air,  and  having  exactly  the  specific  gravity  of  defiant  gas,  '9727  ;  it  is  very  sparingly 
soluble  in  water,  but  is  very  soluble  in  ammoniacal  solution  of  chloride  of  copper. 
Carbonic  oxide  is  inflammable,  burning  with  a  beautiful  blue  flame  almost  devoid  of 
light;  the  product  of  its  combustion  is  carbonic  acid.    It  is  said  to  be  very  poisonous. 

III.  iMPURITrES. 

Sulphuretted  hydrogen.  — This  gas  consists  of  sixteen  parts  of  sulphur  and  one  part 
of  hydrogen  :  u  may  be  produced  by  passing  hydrogen  along  with  the  vapour  of 
su  phur  through  a  red-hot  tube,  but  it  is  best  prepared  pure  by  decomposing  proto- 
sulphuret  of  iron  with  dilute  sulphuric  acid,  and  collecting  the  evolved  gas  at  the 
pneumatic  trough  or  over  mercury.  It  is  always  an  ingredient  in  crude  coal,  peat  or 
wood-gas.  '  ^  ^ 

Sulplmi-etted  hydrogen  is  a  colourless  gas,  of  a  very  nauseous  odour,  resembling 
that  of  putnd  eggs  ;  its  speciiic  gravity  is  1-1747.  It  is  highly  inflammable,  burnini 
with  a  blue  flame,  destitute  of  light,  and  generating  a  large  amount  of  sulphurous  acid  • 
ft  r^,'fn  '  i"  «'-^"'<="'^s*a'"=e  which  renders  its  presence  in  coal-gas  objectionable. 
It  IS  readily  absorbed  by  metallic  solutions,  by  hydrated  oxide  of  iron,  and  by  lime  both 
in  the  wet  and  dry  state,  and  is  easily  recognised  in  coal-gas  by  exposing  a  strip  of 
paper  mipregnated  with  acetate  of  lead  to  a  stream  of  the  gas  ;  if  the  paLi  becomes 
discoloured,  sulphuretted  hydrogen  is  present.  .  ^      papci  oecomes 

Hydrosulphate  of  sulphide  of  ammonium.— This  compound  is  formed  by  the  combina- 
tion of  equal  volumes  of  ammonia  and  sulphuretted  hydrogen.  It  consistLf  14  Zts  bv 
weight  ot  nitrogen  15  of  hydrogen,  and  32  of  sulphurf  It  is  always  largely  produced  in 
the  manufacture  of  coal-gas,  but  is  almost  completely  condensed  and  retaiTd  in  the 
aqueous  layer  of  hqmd  products,  contributing  principally  to  the  unbeambrodour  of 

in  this  way  to  con  -ei  t  he  whole  of  tbp  .i^  •  • =  impossible 
process  be  very  frequemryTepeated  rarbnS?n '° 'T''^  'he 
i"  an  eaual  bulk  JZ.^ L'^J^-^u':.  \«  P»°8e'^t,  acidulous,  and  soluble 


slaked  lime  in  fine  powde^  rrTr'ough  S  S  u^^^  conta  ning  this  acid  through 
disappears,  having  Lt,a  wl^^^  he  fme     Quick  Zfl  ^"■'^""i'^  ^^'^ 

be  neither  dust-dry  nor  very  perceptibW  mokt  ^  %  i""^.'"  '"^^  "^a°°er  as  to 
high  percentages  of  carbonic  add  a  '^'^VT^      ^^"^  absorption  of 

trace  of  the  acid  gas  to  pass  through  i  "^^^  inches  m  thickness  not  allowing  a 

.eiSa^:r=^  i-K^^^^      -  -'-.as  is  much  to  be 

bastion  is,  however,  too  minlu^  to  be  of  aSy  Imp^Snce?  duringTom-' 


3  A  3 


726  COAL-GAS. 

Carbonate  of  aw/HOHH/.— During  the  destructive  distillation  of  coal,  a  considerable 
proportion  of  the  nitrogen  contained  in  the  coal  is  converted  into  carbonate  of  am- 
monia, the  greater  part  of  which  condenses  in  the  aij^eous  layer  of  liquid  products  ; 
but  as  carbonate  of  ammonia  is  very  volatile,  even  at  ordinary  temperatures,  crude 
coal-gas  always  contains  a  small  quantity  of  this  compound.  It  is  a  volatile,  white, 
crystalline  solid,  very  soluble  in  water,  and  possessing  a  pungent  smell  like  ammonia. 
Its  vapour  is  decomposed  by  lime,  which  unites  with  carbonic  acid,  liberating  am- 
monia. The  presence  of  this  salt  or  of  ammonia,  in  coal-gas  is  very  undesirable,  as  it 
corrodes  brass  fittings,  and  is  also  partially  converted  into  nitrous  acid  during  the 
combustion  of  the  gas. 

Bisulphide  of  carbon. — This  compound  consists  of  6  parts,  by  weight,  of  carbon, 
and  32  parts  of  sulphur  ;  it  is  formed  whenever  sulphur  and  carbonaceous  matter  are 
brought  together  at  a  bright-red  heat,  and  therefore,  owing  to  the  presence  of  sulphur 
in  all  varieties  of  coal,  its  vapour  is  generally,  and  probably  always,  present  in  coal-gas. 
Bisulphide  of  carbon  is  a  colourless  liquid,  of  a  most  insupportable  odour,  resembling 
garlic;  it  is  very  volatile,  boiling  at  108^.  It  does  not  mix  with  water,  but  dissolves 
in  alcohol  and  ether ;  it  is  also  very  soluble  in  solution  of  caustic  soda  or  potash  in 
methylic,  ethylic,  or  amylic  alcohol.  It  is  very  inflammable,  and  generates  during 
combustion  mucb  sulphurous  acid :  on  this  account  its  presence  in  coal-gas  is  very 
injurious,  and  as  there  is  no  known  means  of  removing  it  on  a  large  scale  by  any 
mode  of  purification,  its  non-generation  in  the  process  of  gas-making  becomes  a  pro- 
blem of  great  importance.  Few  attempts  have  yet  been  made  to  solve  this  difficulty, 
but  Mr.  Wright,  the  eminent  engineer  of  the  Western  Gas  Company,  has  observed 
that  its  formation  is  greatly  hindered,  if  not  entirely  prevented,  by  the  employment 
of  a  somewhat  moderate  temperature.  In  corroboration  of  this  observation  it  has  fre- 
quently been  noticed  that  the  gas  furnished  by  companies  who  use  a  high  heat 
contains  a  very  large  quantity  of  this  noxious  material,  whilst  gas  generated  at  lower 
temperatures,  as  for  instance,  that  produced  by  White's  hydrocarbon  process,  contains 
mere  traces  of  this  compound.  Although  no  process  for  the  absorption  of  bisulphide  of 
carbon  vapour  from  coal-gas  is  sufficiently  cheap  for  employment  on  a  large  scale, 
vet  advantage  might  be  taken  of  its  solubilit;y  in  a  solution  of  caustic  potash  m  fusel 
oil  (a  by-product  in  spirit  distilleries)  or  in  methylated  spirit  of  wine,  for  its  removal 
from  the  gas  supplied  to  private  houses,  where  the  damage  done  by  the  sulphurous 
acid  is  most  annoying.  By  passing  the  gas  over  a  considerable  surface  of  this  solution, 
contained  in  a  smaU  private  purifier,  the  bisulphide  of  carbon  vapour  is  completely 

removed.  ,  .        ,       ,  .  , 

Bisulphide  of  carbon  vapour  can  be  readily  detected  m  coal-gas  by  a  very  simple 
apparatus  devised  by  Mr.  Wrighf:  in  this  instrument  the  products  of  the  combustion 
of  a  let  of  gas  are  made  to  pass  through  a  small  Liebig  s  condenser ;  if  the  liquid 
dropping  from  this  condenser  strongly  redden  blue  litmus-paper,  it  is  highly  probable 
that  bisulphide  of  carbon  is  present.  As  a  decisive  test,  50  or  60  drops  of  the  con- 
densed fluid  should  be  collected  in  a  smaU  test-tube,  and  a  tew  drops  of  pure  nitric 
acid  added:  on  beating  this  mixture  to  boiling  over  a  spmt-lamp,  and  then  adding  a 
drop  or  two  of  a  solution  of  chloride  of  barium,  the  liquid  will  become  more  or  less 
milky  if  bisulphide  of  carbon  has  been  present  in  the  gas  It  is  necessary  here  to 
remark,  that  the  absence  of  sulphuretted  hydrogen  must  be  first  ascertained  by  the 
non-coloration  of  paper  imbued  with  acetate  of  lead,  and  held  for  some  mmutes  m  a 

'"XoSf-This  gas  is  the  chief  constituent  of  atmospheric  air  100  cubic  feet  of 
air  confaining  rather  more  than  79  cubic  feet  of  this  gas.  It  also  enters  into  the 
compos  tTon  ol^  a  large  number  of  animal  and  vegetable  substances.  AH  desctnptions 
oPcoa  contain  .mall  quantities  of  this  element.  When  nitrogen  is  eliminated  from 
:Lbina  ion  n  ^"ntact  with  oxygen,  it  usually  takes  the  form  of  nitrou.  or  nitric 
acS    whilst  in  contact  with  an  excess  of  hydrogen  it  generates  ammonia    It  is  in 

quantity  of  nitric  acid  is  formed,  owing  to  ^^^^^ust.on  of  tl^e  "'tro,^    .  ^^^^^^^  ^^^^ 
%vords,  its  union  with  oxygen  gas.    This  foimation  ot  nitric  a      i        j^^  ^^^^^^  ^^^ 
to  a  limited  extent  during  the  burning  of  coal  gas;  "^^^ ^^^ooVsS        one  burner 
form  nitric  acid  is  very  high,  the  greater  the  volume  of  gas  consumed 

.  This  in.tru,n«ut  can  had  o..  n,pUcation  to  Mr.  VVriKl.l.  .".r,  and  ..5a.  MillbanK  StrcC,  West- 
miiiBler,  S.  W. 
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in  a  given  time,  the  greater  will  be  the  relative  quantity  of  nitric  acid  produced.  The 
foi-matiou  of  such  a  corrosive  material  as  nitric  acid  under  these  circumstances  shows 
the  importance  of  preventing  the  admixture  of  the  products  of  the  combustion  of  coal- 
gas  with  the  atmosphere  of  the  apartments  in  which  it  is  consumed.  The  nitrogen 
contained  in  coal-gas  is  due  entirely  to  the  admission  of  atmospheric  air,  and  not  to 
the  elimination  of  the  nitrogen  contained  in  the  coal;  for  this  latter  nitrogen  appears 
to  be  evolved  only  in  combination  with  hydrogen  as  ammonia.  As  nitrogen  is  incom- 
bustible, it  is  not  ouly  a  useless  ingredient  in  coal-gas,  but,  owing  to  its  abstracting  heat 
from  the  flame  of  such  gas,  it  causes  a  diminution  of  light,  and  is  thus  decidedly  injurious. 
The  admixture  of  this  element  ought  therefore  to  be  avoided  as  much  as  possible. 

Oxygen.  —  This  element  is  always  present  in  coal-gas,  although  in  very  small  quan- 
tity if  the  manufacture  be  properly  conducted.  It  is  never  evolved  from  the  coal 
itself,  but  it  makes  its  way  into  the  gas  through  leaky  joints,  and  also  to  a  certain 
extent  through  the  water  in  which  the  holders  are  immersed.  Its  presence  is  highly 
injurious  to  the  illuminating  power  of  the  gas;  and  since,  when  once  introduced,  it 
cannot  be  abstracted  by  any  practicable  means,  its  admixtiu'e  ought  to  be  carefully 
guarded  against. 

Oxygen  is  a  colourless,  invisible  and  inodorous  gas,  very  sparingly  soluble 
in  water,  and  which  has  hitherto  resisted  all  attempts  to  liquefy  it  by  cold  or 
pressure.  It  is  evolved  from  the  leaves  of  plants  under  the  influence  of  light, 
aud  constitutes  about  one  fifth  of  the  bulk  of  our  atmosphere.  By  far  the  largest 
amount  of  oxygen  however  exists  in  combination  with  other  elements;  thus  eight 
out  of  every  nine  tons  of  water  are  pure  oxygen,  and  it  forms  at  least  one  third  of 
the  total  weight  of  the  mineral  crust  of  ovu-  globe.  It  is  therefore  the  most  abundant 
of  all  elements.  Oxygen  gas  is  heavier  than  atmospheric  air;  100  cubic  inches,  at 
60°  Fahr.  and  30  inches  barometric  pressure,  weighing  34-193  grains,  whilst  100 
cubic  inches  of  the  latter  weigh  only  31-0117  grains.  The  specific  gravity  of 
oxygen  is  1-1026.  It  eminently  supports  combustion,  all  combustible  bodies  when 
introduced  into  it  burning  much  more  vividly  than  in  common  air  ;  indeed  it  is  owing 
to  the  presence  of  this  gas  in  our  atmosphere,  that  common  air  possesses  the  property 
of  supporting  combustion. 

Aqueous  vapour.— yV&tQT  is  volatile  at  all  natural  temperatures,  and  therefore  its 
vapour  always  exists  to  a  greater  or  less  extent  diffused  in  coal  gas,  even  as  delivered 
to  the  consumer.  The  percentage  amount  of  aqueous  vapour  thus  present  in  coal- 
gas  IS  always  small,  even  when  the  gas  is  saturated ;  nevertheless  the  presence  of  even 
this  small,  proportion  of  aqueous  vapour  diminishes  to  a  certain  extent  the  light  pro- 
duced by  the  combustion  of  gas.  This  effect  is  no  doubt  owing  to  the  action  of 
aqueous  vapour  upon  carbon  at  a  high  temperature,  by  which  action  hydrogen, 
carbonic  oxide,  and  carbonic  acid  gases  are  produced.  The  presence  of  aqueous 
vapour  therefore  tends  to  reduce  the  number  of  particles  of  carbon  floating  in  the  gas 
flame  and  consequently  the  light  is  diminished.  The  following  table  shows  the 
maximum  percentages  of  aqueous  vapour  which  can  be  present  in  gas  at  difl!"erent 
temperatures.  As  a  general  rule  the  gas  will  contain  the  maximum  amount  at  the 
lowest  temperature  to  which  it  has  been  exposed  in  its  passage  from  the  retorts  to 
the  burners. 


Temperature. 

Percentage 
of  aqueous 
vapour. 

Temperature. 

Percentage 
of  aqueous 
vapour. 

Temperature. 

Percentage 
of  aqueous 
vapour. 

32°  F. 

33° 

34° 

35° 

36° 

37° 

38° 

39° 

40° 

41° 

0-6  '^  t;. 

0-6 

0-7 

0-7 

0-7 

0-7 

0-8 

0-8 

0-8  . 
0-9  (o  '  ^ 

42°  F. 

43° 
44° 
45° 
46° 
47° 
48° 
49° 
50° 
51° 

0-9 

0-  9 

1-  0 
1-0 
1-0 
1-1 
1-1 
1-1 

1-2  q  i 

1-2 

520  F. 

53o 
540 
55o 
560 
57o 
58o 
59o 
60o  . 

1-3 
1-3 
1-4 
1-4 
1-5 
1-5 
1-6 
1-7 

18  n  ia 

Aqueous  vapour  has  a  specific  gravity  of  -6201,  and  one  cubic  font  nf  it  «,.„f  - 
cubic  foot  of  hydrogen  and  hllf  a  Lbic  foot'  of  oxygen     In  eo^^^  STni'ted 
carbon,  or  carbonaceous  substances,  it  is  decomposed;   produSg  a  mixture  of 
hydrogen,  carbonic  oxide,  and  carbonic  acid  eases     When  na.«pTn!».  .°»'?'t';^re  of 
It  yields  its  own  volume  of  nearly  pure  hydrofen  ^  '^"^^"^  ^"'^ 
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Having  thus  describt'd  the  more  importaut  properties  of  the  coiistitueiite  of  coal- 
gas,  we  are  now  prepared  to  discuss  the  conditions  involved  in  the  generation 
purification,  and  combustion  of  gas.  ' 

On  the  (lencratioii  of  illuminating  gas,  —  Tlie  production  of  gas  for  illuminating 
purposes  whether  derived  from  coal,  peat,  wood,  or  oil,  depends,  as  we  have  seen,  upon 
a  re-arrangeraent  of  the  elements  composing  the  material  employed.  The  nature 
of  this  re-arrangement  is  dependent  upon  the  lemperature  employed.  The  lower  the 
heat  at  which  it  can  be  effected,  the  less  the  weight  of  coke  or  carbonaceous  residue  left 
in  the  retort,  and,  consequently,  the  greater  the  amount  of  carbon  remaining  combined 
with  the  hydrogen ;  the  hydro-carbons  thus  formed  being  chiefly  solids  and  hquids. 
On  the  other  hand,  the  higher  the  temperature  employed,  the  greater  is  the  weight  of 
carbonaceous  residue,  and,  therefore,  the  smaller  is  the  amount  of  carbon  contained  in 
the  volatilised  matters,  whilst  the  proportion  of  gases  in  these  latter  becomes  larger  as 
the  temperature  increases.  By  employing  a  very  low  temperature  for  the  destructive 
distillation,  the  production  of  gas  may  be  almost  entirely  prevented,  whilst  by  the  em- 
ployment of  a  very  high  temperature  the  three  chief  constituents  of  coal  might  witiiout 
doubt  be  completely  converted  into  coke,  carbonic  oxide,  and  hydrogen.  Now  the  re- 
sults produced  by  both  these  extremes  of  temperature  are  valueless  to  the  gas  manufac- 
turer, and  it  is  therefore  necessary  to  employ  a  heat  sufficiently  high  to  prevent  as  much 
as  possible  the  volatile  substances  from  escaping  in  the  form  of  condensible  vapours, 
but  not  high  enough  to  decompose  the  luminiferous  constituents  of  the  evolved  gas.  If 
coal  were  a  definite  and  single  chemical  compound,  and  could  be  so  exposed  to  heat 
as  to  suddenly  raise  the  temperature  of  every  particle  to  a  uniform  and  definite 
degree,  it  is  highly  probable  that  the  results  of  the  distillation  would  be  far  less 
complex  than  they  are  in  the  present  mode  of  gas  manufacture  ;  and  it  might  even  be 
possible  to  find  such  a  degree  of  temperature  as  would  convert  the  whole  of  the 
hydrogen  into  one  or  more  of  the  higher  gaseous  compounds  of  carbon,  thus  giving 
results  of  maximum  value  to  the  gas  manufacturer.  In  the  ordinary  processes  of 
gas-making,  where  a  charge  of  several  cwts.  of  coal,  often  in  large  lumps,  is  thrown 
into  an  ignited  retort,  it  is  impossible  to  attain  any  such  uniform  temperature.  The 
heat  is  conducted  very  gradually  to  the  interior  of  the  mass  of  coal,  and  therefore 
various  portions  of  the  charge  are  exposed  to  very  unequal  temperatures,  especially 
in  the  earlier  stages  of  the  distillation.  The  natural  consequence  of  these  conditions 
is  the  production,  on  the  one  hand,  of  products  resulting  from  excessive  temperature, 
viz.  hydrogen  and  light  carburetted  hydrogen,  and  on  the  other,  of  tar,  which  may 
he  regarded  as  the  consequence  of  deficient  heat.  Notwithstanding  several  attempts, 
these  disadvantages  have  not  yet  been  successfully  overcome,  but  the  importance  of  a 
practical  process  which  would  secure  a  tolerably  uniform  temperature  during  the 
whole  course  of  distillation,  is  seen  from  the  remarkable  results  obtained  with  Clegg's 
revolving  web  retort ;  a  form  of  apparatus  undoubtedly  the  most  ingenious  yet 
invented  for  the  production  of  gas,  and  which,  although  in  its  present  form  too  com- 
plicated for  successful  practical  use,  yet  embodies,  when  we  consider  the  early  date  of 
its  invention,  in  a  remarkable  manner,  the  true  scientific  principles  of  gas-making. 
This  retort,  of  which  a  description  will  be  found  at  p.  750,  obviated  to  a  great  extent 
the  inequality  and  uncertainty  of  temperature  in  the  ordinary  gas  retorts,  and  the 
result  was  an  increase  of  from  30  to  40  per  cent,  in  the  quantity  of  gas  produced,  the 
quality  being  also  improved,  whilst  scarcely  any  tar  was  formed. 

But  besides  the  great  influence  exercised  by  the  temperature  to  which  coal  is 
exposed  in  the  process  of  gas-making,  the  length  of  time,  during  which  the  volatile 
products  of  decomposition  are  exposed  to  that  temperature,  is  a  most  important  cir- 
cumstance as  regards  the  successful  manufacture  of  gas.  If  we  take  into  consideration 
the  behaviour  of  the  luminiferous  constituents  of  gas  when  exposed  to  a  bright  red 
heat,  and  which  has  been  described  above;  it  will  be  evident  that  a  second  niost  im- 
portant condition  in  the  manufacture  of  gas  is  the  rapid  removal  of  these  luminiferous 
constituents  from  the  destructive  influence  of  the  red-hot  retort  as  soon  as  they  are 
generated:  every  second  during  which  these  gases  are  allowed  to  remain  m  then- 
birthplace  diminishes  their  value  as  illuminating  agents.  The  only  method  hitherto 
employed  for  the  rapid  removal  of  the  gases  from  the  retorts  is  White's  process,  the 
mechanical  details  of  which  are  fully  described  below.  This  process  consists 
essentially  in  transmitting  a  current  of  wata-  gas  through  the  retorts  in  which  coal  or 
cannel  gas  is  being  generated.  The  water  gas  is  produced  by  transmitting  steam  througli 
retorts  filled  with  coke  or  charcoal,  and  consists  of  a  mixture  of  hydrogen,  carbonic 
oxide,  and  carbonic  acid  gases.  These  gases,  which  are  not  in  themselves  uminiferous 
on  combustion,  necessarily  become  mixed  with  the  coal  or  cannel  gas,  and  thus  dimniKsii 
the  illuminating  power  of  the  latter  whilst  they  increase  its  volume.  Nevertiieiess, 
if  the  admission  of  water  gas  be  properly  managed,  the  luminiferous  constituents 
saved  from  destruction  by  their  rapid  removal  from  the  retorts,  compensate  loi  tin. 
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dilution  of  the  gas,  so  as  to  render  the  diluted  gas  equal  in  illuminating  power  to  the 
gas  produced  from  the  same  coal  or  caimel  in  the  ordinary  process  of  manufacture. 
When  canuels  yielding  very  highly  lurainiferous  gas  are  employed,  it  is  desirable  to 
dilute  them  to  a  much  greater  extent,  and  this  can  be  easily  effected  by  admitting 
into  the  coal  retort  a  larger  proportion  of  water  pas.  In  some  cases  the  total  amount 
of  liglit  yielded  by  the  gas  from  a  given  weight  of  coal  when  treated  according  to 
White's  process  is  more  than  double  that  obtained  by  the  ordinary  process,  and  in  all 
cases  the  gain  in  total  amount  of  light  is  very  large,  thus  showing  the  importance  of 
removing  the  gases  from  the  red-hot  retorts  as  rapidly  as  possible.  This  remark 
applies  especially  to  gases  very  rich  in  luminiferous  hydrocarbons,  because  such 
gases  suffer  relatively  much  more  deterioration  than  those  containing  a  larger  pro- 
portion of  diluents.  In  addition  to  these  advantages  such  a  dilution  of  rich  cannel 
gases  with  any  of  the  non-luminous  constituents,  hydrogen,  carbonic  oxide,  or  light 
carburetted  hydrogen,  increases  the  illuminating  power  of  the  gas  in  another  way  : 
this  is  eflfected  by  their  forming  a  medium  for  the  solution  of  the  vapours  of  such 
hydrocarbons  as  exist  in  the  liquid  or  even  solid  state  at  the  ordinary  temperature  of 
the  atm(, sphere,  and  they  thus  enable  us  to  convert  an  additional  quantity  of  illumi- 
nating materials  into  the  gaseous  foi-m,  which  they  retain  permanently,  unless  the 
temperature  fall  below  the  point  of  salwation.  The  gain  in  illuminating  power 
which  is  thus  obtained  will  be  perhaps  better  seen  from  ihe  following  example  :  — 
Suppose  100  cubic  inches  of  olefiant  gas  were  allowed  to  saturate  itself  with  the  vapour 
of  a  volatile  hydrocarbon,  containing  three  times  as  much  carbon  in  a  given  volume  of 
its  vapour  as  that  contained  in  an  equal  volume  of  olefiant  gas,  and  that  it  took  up  or  dis- 
solved 3  cubic  inches  of  this  vapour ;  then,  if  we  express  the  value  of  1  cubic  inch  of  olefi- 
ant gas  bj  unity,  the  illuminating  power  of  the  103  cubic  inches  of  the  mixture  of  olefiant 
gasandhydrocarbon  vapourwillbe  1U9.  Nowif  we  mix  these  103  cubic  inches  with  100 
cubic  inches  of  hydrogen,  the  mixture  will  be  able  to  take  up  an  additional  3  cubic 
inches  of  hydrocarbon  vapour,  and  the  illuminating  power  of  the  206  cubic  inches 
will  then  become  IIS;  thus  the  hydrogen  produces  a  gain  in  illuminating  power 
equal  to  9  cubic  inches  of  olefiant  gas,  or  nearly  4-5  per  cent,  upon  the  volume  of 
mixed  gases.  When  we  consider  that  coal  naphtha  contains  hydrocarbons  of  o-reat 
volatility,  and  that  these  are  the  surplus  remaining  after  the  satu;  ation  of  the"  gas 
from  which  they  have  condensed,  the  importance  of  this  function  of  the  non-illumi- 
natmg  class  of  combustible  gases  will  be  sulBciently  evident.  It  may  here  be  re- 
marked that  incombustible  gases  could  not  be  employed  for  this  purpose,  since  their 
cooling  mfluence  upon  the  flame  during  the  subsequent  burning  of  the  gas  would 
dmunish  tlie  light  to  a  greater  extent  than  the  hydrocarbon  vapour  could  increase  it 

It  IS  evident  that  all  the  three  non-illumiiiating  gases,  forming  the  class  of  diluents 
would  perform  both  the  offices  here  assigned  to  them  perfectly  well  and  there' 
fore  we  have  as  yet  seen  no  reason  for  giving  our  preference  in  favour  of  any  one  of 
these  diluents;  if,  however,  we  study  their  behaviour  during  combustion,  we  shall 
find  hat  where  the  gas  is  to  be  used  for  illuminating  purposes,  hydrogen  has  qualities 
which  give  It  a  very  decided  preference  over  the  other  two.  When  gas  is  used  for 
lighting  the  interior  of  public  buildings  and  private  houses,  it  is  very  desirable  that  it 
should  deteriorate  the  air  as  little  as  possible,  or,  in  other  words,  it  should  consume  as 
small  a  quantity  of  oxygen  and  generate  as  little  carbonic  acid  as  possible  The 
oppressive  heat  which  is  so  frequently  felt  in  apartments  lighted  wiih  gas  als,;  shows 
the  advantage  of  the  gas  generating  a  minimum  amount  of  heat 

The  following  is  a  comparison  of  the  properties  of  the  three  non-iUuminatine  eases  • 
m  reference  to  the  points  just  mentioned :—  ^  ^ 

One  cubic  foot  of  light  carburetted  hydrogen,  at  60°  Fahr.  and  30  inches  barome- 
tacal  pressure,  consumes  2  cubic  feet  of  oxygen  during  its  combustion,  and  generates  1 
cubic  foot  of  carbonic  acid,  yielding  a  quantity  of  heat  capable  of  heating  5  lbs  14  oz  of 
water  fiom  32°  to  212°  or  causing  a  rise  of  temperature  from  60°  to  lo  8°  in  a  room 
containing  2500  cubic  feet  of  air.  loouo  in  a  loom 


One  cubic  foot  of  carbonic  oxide,  at  the  same  temperature  and  pressure  consumpc 
during  combustion,  i  a  cubic  foot  of  oxvgen,  generates  1  cubic  foot  nf  • 
and  aliords  heat  capable  of  raising  the  ■tempemtvn^  of  1  lb  14  S  nfwT  J"'" 
to  212°,  or  that  of  2500  cubic  feet  of  air  from  60°  to  66  co    ^  ^""""^ 

One  cubic  foot  of  hydrogen,  at  the  same  temperature  and  pressure  consump«  i 
cubic  foot  of  oxygen,  generates  no  carbonic  acid,  and  yields  heat  ran'^Wp  T  •  ^  . 
the  temperature  of  1  lb.  13  oz.  of  water  from  32°  to  212°  or  Vha  of^s.nn     l^'^?^  / 
of  air  from  60°  to  66-4°.  '  °*  ^500  oubic  feet  / 

This  comparison  shows  that  lieht  carburpttpri  ^lv^^v,^„«„  •„  •  . 

diluent,  not  only  on  account  of  the^LbonS^whitft  ge  t^S^^'^  "  ^ 

of  the  very  Large  quantity  of  oxygen  which  it  consumes,^and  Jie  vert  t-e.^n 
of  heat  which,  in  relation  to  its  vohmu,  it  evolves  ou  com'bus?iou;  ZKZt^Zl 
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oxygen  being  four  times,  and  the  absolute  thermal  effect  more  than  three  times  as 
great  as  that  of  either  of  the  other  gases. 

The  quantity  of  heat  evolved  by  the  combustion  of  dqual  volumes  of  carbonic  oxide 
and  hydrogen  is  nearly,  and  the  amount  of  oxygen  consumed  quite,  the  same ;  but 
the  carbonic  acid  evolved  from  the  first  gives  a  decided  preference  to  hydrogen  as  the 
best  diluent. 

The  same  comparison  also  sho-ws  that  when  the  gas  is  to  be  used  for  heating 
purposes,  and  the  products  of  combustion  are  carried  away,  light  carburetted  hydrogen 
is  by  far  the  best  diluent. 

The  experiments  of  Dulong  on  the  absolute  thermal  effects  of  hydrogen,  light 
carburetted  hydrogen,  and  carbonic  oxide  are  taken  as  the  basis  of  the  foregoing  cal- 
culations.   Dulong  found  that  — 

1  lb.  of  hydrogen  raised  the  temperature  of  1  lb.  of  water  through  62471°  F. 
1  lb.  of  carbonic  oxide  „  „  „  4504°  F. 

1  lb.  of  light  carburetted  hydrogen  „  „  24244°  F. 

These  considerations  indicate  the  objects  that  should  chiefly  be  regarded,  in  the 
generating  department  of  the  manufacture  of  gas  for  illuminating  purposes.  They  are — 

1st.  The  extraction  of  the  largest  possible  amount  of  illuminating  compounds  from 
a  given  weight  of  material. 

2nd.  The  formation  of  a  due  proportion  of  illuminating  and  non-illuminating  con- 
stituents, so  that  on  the  one  hand  the  combustion  of  the  gas  shall  be  perfect,  and 
without  the  production  of  smoke  or  unpleasant  odour,  and  on  the  other,  the  volume 
of  gas  required  to  obtain  a  certain  amount  of  light  shall  not  be  too  large. 

3rd.  The  presence  of  the  largest  possible  proportion  of  hydrogen  amongst  the  non- 
illuminating  constituents,  to  the  exclusion  of  light  carburetted  hydrogen,  and  carbonic 
oxide  ;  so  as  to  produce  the  least  amount  of  heat  and  atmospheric  deterioration  in  the 
apartments  in  which  the  gas  is  consumed. 

On  the  purification  of  illuminating  gas.  —  livre  except  the  insignificant  quantities  of 
nitrogen  and  oxygen",  which  become  mixed  with  illuminating  gas  through  im- 
perfections in  the  joints  of  the  apparatus  employed,  and  by  the  transferring  power  of 
the  water  of  the  gasholder,  all  impurities  arise  from  the  presence  of  the  three  elements 
sulphur,  oxygen,  and  nitrogen  in  the  generating  material  used. 

The  sulphur,  uniting  with  portions  of  the  hydrogen  and  carbon  of  the  coal,  gene- 
rates with  the  first  named  element  sulphuretted  hydrogen,  and  with  the  second, 
bisulphide  of  carbon.  It  is  also  probable  that  volatile  organic  compounds  of  sulphur 
are  produced  by  the  union  of  this  element  with  carbon  and  hydrogen  simultaneously, 
although  we  have  as  yet  no  positive  evidence  of  their  presence  m  illummatmg  gas. 
The  oxygen,  uniting  with  another  portion  of  carbon,  forms  carbonic  acid,  whilst  the 
nitrogen  unites  with  hydrogen  to  form  ammonia,  which,  by  combination  with  sul- 
phuretted hydrogen,  produces  hydrosulphate  of  sulphide  of  ammonium,  and,  with 
carbonic  acid  and  water,  carbonate  of  ammonia.  With  the  exception  of  bisulphide  of 
carbon  and  the  organic  sulphur  compounds  just  mentioned,  the  removal  of  all  these 
impurities  is  not  diflacult.  Slaked  lime,  either  in  the  form  of  moist  powder,  or  sus- 
pended in  water  as  milk  of  lime,  absorbs  the  whole  of  them ;  whilst  it  has  no  per- 
ceptible effect  upon  the  other  constituents  of  the  gas.  By  this  process  of  purification 
the  sulphuretted  hydrogen  and  caustic  lime  are  converted  into  sulphide  of  calcium 
and  water  ;  the  former  being  non-volatile  does  not  mix  with  the  gas.  Hydrosulphate 
of  sulphide  of  ammonium  is  in  like  manner  converted  into  sulphide  of  calcium,  water, 
and  ammonia:  part  of  the  latter  is  retained  by  the  moisture  present  m  the  purifying 
material,  but  the  remainder  mixes  with  the  gas,  from  which,  however,  t  can  be 
removed  by  contact  with  a  large  surface  of  water.  Carbomc  acid  unites  with  caustic 
HrTwUh  great  energy,  forming  carbonate  of  lime,  a  perfectly  non-vo  atile  material ; 
aTd  tlus  the  acid  gafi  effectuluy  retained.  Carbonate  of  ammonia  is  under  similar 
drcumsLnces  decomposed,  carbonate  of  lime  being  formed  and  ammonia  liberated , 
t~  as  befo;:,  bei^g  only  partially  retained  by  the  J^^LTm^^^^^^^^^^^ 
when  "  drvlime  "  is  used,  a  subsequent  apphcation  of  water  tor  its  complete  removal. 

respectively,  is  seen  from  the  foUowing  table  :  —       ^^^^^  ^^^^  ^^^.^  ^^^^ 

Sulphuretted  hydrogen.      Carbonic  acid. 
1  lb.  of  quick-lime  used  as  dry  Ume  absorbs      -     6-78     -  - 
1  lb.  of  quick-lime  used  as  wet  lime  absorbs     -     b  /o 
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In  practice,  however,  the  absorption  actually  efifected  is,  even  under  the  most 
favourable  circumstances,  considerably  less  than  here  indicated.    As  a  substitute  for 
lime  in  the  purification  of  gas  a  mixture  of  hydrated  peroxide  of  iron  and  sulphate  of 
lime  has  lately  come  into  extensive  use.    This  material  is  prepared  in  the  first  place 
by  mixing  slaked  lime -with  hydrated  peroxide  of  iron,  the  composition  being  rendered 
more  porous  by  the  addition  of  a  certain  proportion  of  sawdust.    This  mixture  is 
now  in  a  condition  to  remove  those  impurities  from  coal-gas  which  are  abstracted  by 
lime.  The  peroxide  of  iron  absorbs  sulphuretted  hydrogeu  and  sulphide  of  ammonium 
and  becomes  converted  into  sulphide  of  iron.    The  slaked  lime  absorbs  carbonic  acid 
and  carbonate  of  ammonia  until  it  is  converted  into  subcarbonate  of  lime.    When  the 
absorbing  powers  of  the  mixture  are  nearly  exhausted,  the  covers  of  the  purifiers  are 
removed  and  the  mixture  is  exposed  to  the  air.    The  following  change  is  then  said  to 
take  place.    The  sulphide  of  iron  rapidly  absorbs  oxygen  and  becomes  converted  first 
into  sulphate  of  protoxide  of  iron  and  finally  into  sulphate  of  peroxide,  which  latter  is 
decomposed  by  the  carbonate  of  lime,  carbonic  acid  being  evolved  as  gas,  whilst  sul- 
phate of  lime  and  peroxide  of  iron  are  produced;  the  mixture  is  thus  again  rendered 
available  for  the  process  of  purification ;  the  peroxide  of  iron  acts  as  before,  but  iu 
the  place  of  quick-lime  we  have  now  sulphate  of  Ume,  which  is  quite  effectual  for  the 
removal  of  carbonate  of  ammonia,  with  which  it  forms  carbonate  of  lime  and  sulphate 
of  ammonia  ;  but  the  mixture  is  incapable  of  removing  free  carbnuie  acid,  and  it  is 
therefore  necessary  to  provide  a  separate  dry  lime  purifier  for  the  removal  of  this  gas. 
When  the  purifying  material  is  again  saturated  with  the  noxious  gases,  another  ex- 
posure to  atmospheric  oxygen  restores  it  again  to  its  active  condition,  the  only 
permanent  effect  upon  it  being  the  accumulation  of  sulphate  of  ammonia  within  its 
pores.    If  this  latter  salt  be  occasionally  dissolved  out  with  water,  the  mixture  may 
be  used  over  and  over  again  to  an  almost  unlimited  extent.    It  has  been  found  that 
this  process  can  be  much  simplified,  and  Mr.  HiUs,  who  has  brought  gas  purification 
to  great  perfection,  recommends  that  hydrated  peroxide  of  iron  should  be  merely 
mixed  with  a  considerable  bulk  of  sawdust  and  placed  in  the  purifiers.    After  the  gas 
has  passed  through  this  mixture  for  18  hours,  it  is  shut  off  and  replaced  by  a  current 
of  air  forced  through  by  a  fanner  for  3  hours.    The  sulphide  of  iron  is  thus  oxidised, 
sulphur  being  separated  and  hydrated  peroxide  of  iron  regenerated :  and  the  purifying 
material  being  now  revivified,  the  gas  may  be  passed  through  it  again  as  before.  In 
this  way  it  is  only  found  necessaiy  to  remove  the  material  once  a  month  in  order  to 
separate  the  lowest  stratum  of  about  an  inch  in  thickness,  which  has  become  clogged 
up  with  tar.    A  proportional  quantity  of  fresh  mixture  of  hydrated  peroxide  of  iron 
and  sawdust  having  been  added,  the  whole  is  again  returned  to  the  purifier.    It  is 
difficult  to  conceive  a  more  simple  and  inexpensive  process  of  purification  than  this. 
It  does  not,  however,  remove  carbonic  acid.    Several  other  materials  have  been  pro- 
posed for  the  separation  of  S'olphuretted  hydrogen  from  coal-gas,  such  as  sulphate  of 
lead,  and  chloride  of  manganese,  but  they  possess  no  peculiar  advantages  and  have 
never  been  extensively  adopted. 

It  has  been  already  mentioned  that,  in  addition  to  sulphuretted  hydrogen  and  car- 
bonic acid,  which  are  readily  removed  by  the  processes  just  described,  there  also 
exist  in  coal  gas,  as  impurities,  variable  quantities  of  bisulphide  of  carbon  and  probably 
sulphuretted  hydrocarbons.  Now  all  these  sulphur  compounds  produce  sulphurous 
acid  during  the  combustion  of  the  gas,  and  where  the  quantities  of  these  impurities  is 
considerable,  as  is  the  case  with  much  of  the  gas  now  manufactured,  the  atmosphere 
of  the  apartments  in  which  such  gas  is  used  becomes  so  strongly  impregnated  with 
sulphurous  acid,  as  to  be  highly  offensive  to  the  senses  and  very  destructive  to 
art  decorations,  bindings  of  books,  &c.  It  becomes,  therefore,  a  matter  of  con- 
siderable importance  to  prevent,  as  far  as  possible,  the  occurrence  of  these  injurious 
constituents  ;  in  fact,  until  this  is  efi'ected,  gas  will  never  be  more  than  very  partially 
adopted  as  a  means  of  illumination  in  dwelling  houses.  When  once  generated  with 
coal-gas  all  attempts  to  remove  these  constituents  have  hitherto  proved  inefi'ectual 
and  there  seems  little  ground  for  hope  that  any  practicable  process  wiU  be  devised  for 
their  abstraction.  Attention  may,  therefore,  more  profitably  be  directed  to  the  con- 
ditions which  tend  to  diminish  the  amount  generated  in  the  retorts,  or  altogether  to 
prevent  their  formation.  Mr.  Wright,  who  has  paid  considerable  attention  to  this 
problem,  finds  that  the  employment  of  a  moderate  heat  for  the  generation  of  the  eas 
has  the  effect  of  greatly  reducing  the  relative  quantity  of  these  noxious  ingredients 
and  thus  by  simply  avoidmg  excessive  heat  in  the  retorts,  and  rejecting  the  last 
portions  of  gas,  he  has,  to  a  great  extent,  prevented  their  formation.  Unfortunatelv 
however,  this  remedy  is  not  likely  to  find  favour  amongst  gas  manufact™  in 
general,  inasmuch  as  it  considerably  reduces  the  yield  of  gas.  A  few  weU-d  rected 
no™inMp'"";T  ««'^'-<=<^ly  f-il  to  discover  the  conditions  necessarj  for  he 

non-production  of  these  sulphuretted  compounds.    Probably  the  proper  admix  ure  of 
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suit  or  lime  with  the  coals  before  carbonisation  would  have  the  desired  effect.  The 
subject  is  one  of  so  much  importance  to  the  future  of  gas  iUumination,  that  it  ought 
uot  to  be  suffered  to  rest  in  its  present  unsatisfactory^ondition. 

On  the  consumption  of  gas.  —  The  proper  consumption  or  burning  of  illuminating 
gas  depends  upon  certain  physical  and  chemical  conditions,  the  due  observance  of 
which  is  of  great  importance  in  the  development  of  a  maximum  amount  of  light.  The 
production  of  artificial  light  depends  upon  the  fact  that,  at  certain  high  temperatures 
all  matter  becomes  luminous.  The  higher  the  temperature  the  greater  is  the  intensity 
of  the  light  emitted.  The  heat  required  to  render  matter  luminous  in  its  three  states 
of  aggregation  differs  greatly.  Thus  solids  are  sometimes  luminous  at  comparatively 
low  temperatures,  as  phosphorous  and  phosphoric  acids.  Usually,  however  solids 
reiquire  a  temperature  of  600°  or  700^^  F.  to  render  them  luminous  in  the  dark,  and 
must  be  heated  to  1000°  F.  before  their  luminosity  becomes  visible  in  daylight. 
Liquids  require  about  the  same  temperature.  But  to  render  gases  luminous,  they 
must  be  exposed  to  an  immensely  higher  temperature  ;  even  the  intense  heat  generated 
by  the  oxyhydrogen  blowpipe  scarcely  suffices  to  render  the  aqueous  vapour  produced 
visibly  luminous,  although  solids,  such  as  lime,  emit  light  of  the  most  dazzling  splen- 
dour when  they  are  heated  in  this  flame.  Hence  those  gases  and  vapours  only  can 
illuminate  which  produce,  or  deposit,  solid  or  liquid  matter  during  their  combustion. 
This  dependence  of  light  upon  the  production  of  solid  matter  is  strikingly  seen  in  the 
case  of  phosphorus,  which  when  burnt  in  chlorine  produces  a  light  scarcely  visible, 
but  when  consumed  in  air  or  oxygen  emits  light  of  intense  brilliancy.  In  the  former 
case  the  vapour  of  chloride  of  pliosphorus  is  produced,  in  the  latter,  solid  phosphoric 
acid. 

Several  gases  and  vapours  possess  this  property  of  depositing  solid  matter  during 
combustion,  but  a  few  of  the  combinations  of  cai-bon  and  hydrogen  are  the  only  ones 
capable  of  practical  application :  these  latter  compounds  evolve  during  combustion 
only  the  same  products  as  those  generated  in  the  respiratory  process  of  animals,  viz. 
carbonic  acid  and  water.  The  solid  particles  of  carbon  which  they  deposit  in  the 
interior  of  the  flame,  and  which  are  the  source  of  light,  are  entirely  consumed  on 
arriving  at  its  outer  boundary ;  their  use  as  sources  of  artificial  light,  under  proper 
regulations,  is  therefore  quite  compatible  with  the  most  stringent  sanitary  rules. 

The  constituents  of  purified  coal-gas  have  already  been  divided  into  illuminating 
and  non-illuminating  gases  ;  amongst  the  latter  will  be  found  light  carburetted  hydro- 
gen, which,  although  usually  regarded  as  an  illuminating  gas,  has  been  proved  by  the 
experiments  of  Frankland  to  produce,  under  ordinary  circumstances,  no  more  light 
than  hydrogen  or  carbonic  oxide,  and  therefore  for  all  practical  purposes  it  must  be 
regarded  as  entirely  destitute  of  illuminating  power.  This  is  owing  chiefly  to  the 
temperature  required  for  the  deposition  of  its  carbon  being  higher  than  that  attained 
in  an  ordinary  gas  burner;  for  Frankland  has  proved  that,  if  the  temperature  of 
the  light  carburetted  hydrogen  flame  be  increased  by  previously  heating  the  gas  and 
air  nearly  to  redness,  then  the  flame  becomes  luminous  to  a  considerable  degree.  It 
is  not  improbable  that  when  gas  is  consumed  in  very  large  burners  this  necessary 
temperature  is  attained,  and  the  light  carburetted  hydrogen  contributes  considerably 
to  the  aggregate  illuminating  effect ;  a  view  which  is,  to  a  certain  extent,  confirmed  by 
the  fact,  that  a  relatively  much  larger  amount  of  light  is  obtained  from  coal  gas 
when  the  latter  is  consumed  in  a  large  flame  than  when  it  is  allowed  to  burn  in  a 
small  flame. 

Omitting  light  carburetted  hydrogen  and  carbonic  oxide,  the  remaining  carbo- 
niferous constituents  of  coal-gas  yield,  during  combustion  from  suitable  burners,  an 
amount  of  light  directly  proportionate  to  the  quantity  of  carbon  which  they  contain  ia 
a  given  volume. 

In  order  to  understand  the  nature  of  the  combustion  of  a  gas  flame,  it  is  necessary 
to  remember  that  the  flame  is  freely  permeable  to  the  air,  and  that  according  to  the 
well  known  laws  of  gaseous  mixture,  the  amount  of  air  which  mixes  with  the  ignited 
gases  will  be  increased,  first,  by  an  increase  of  the  velocity  with  which  the  gas  issues 
from  the  orifice  of  the  burner;  and  secondly,  by  the  velocity  of  the  current  of  air 
immediately  surrounding  the  flame.  It  is  well  known  that  a  highly  lurainiferous  gas 
may  be  deprived  of  all  illuminating  power  either  by  being  made  to  issue  from  the 
burner  with  great  velocity,  or  by  being  burnt  in  a  very  rapid  current  of  air  produced 
by  a  very  tall  glass  chimney.  _  ■,  ^     ,    •  • 

The  fore^-oing  considerations  indicate  the  conditions  best  adapted  for  obtaining  the 
maximum  illuminating  effect  from  coal  gas.  The  chief  condition  is  the  supply  of  just 
such  a  volume  of  air  to  the  gas  flame  as  shall  prevent  any  particles  of  carbon  from 
escaping  unconsumed.  Any  excess  of  air  over  this  quantity  must  diminish  the  number 
of  panicles  of  carbon  deposited  within  the  flame,  and  consequently  impair  the  illumi- 
nating eft'ect. 
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Another  condition  is  the  attainment  of  the  highest  possible  temperature  within  the 
flame.  Tlie  first  of  these  conditions  has  been  more  or  less  perfectly  obtained  in  tlie 
different  gas  burners  now  in  use.  The  second  has  been  hitherto  almost  entirely 
neglected :  the  means  by  which  it  may  be  attained  will  be  discussed  after  the  burners 
at  present  in  general  use  have  been  described. 

The  chief  burners  now  in  use  are  the  bat's-wing,  fish-tail,  argand,  bude  argand, 
Winfield's  argand,  Guise's  argand,  and  Leslie's  argand. 

The  bat's-wing  consists  of  a  fine  slit  cut  in  an  iron  nipple,  giving  a  flat  fan-like 
flame. 

The  fish-tail  consists  of  a  similar  nipple  perforated  by  two  holes,  drilled  so  that  the 
jets  of  gas  are  inclined  towards  each  other  at  an  angle  of  about  60°.  A  flat  film  of 
flame  is  thus  produced,  somewhat  resembling  the  tail  of  a  fish.  This  form  of  burner  is 
especially  adapted  for  the  consumption  of  cannel  and  other  highly  illuminating  gases. 

The  argand  consists  of  a  hollow  annulus  (see  fig.  482),  from  the  upper  surface  of 
which  the  gas  issues  through  a  number  of  small  apertures, 
which  are  made  to  vary  in  diameter  from  gLnd  of  an  inch 
to  j'jjth  of  an  inch,  according  to  the  richness  of  the  gas ;  the 
most  highly  illuminating  gases  requiring  the  smallest  apertures. 
The  distances  of  the  orifices  for  coal-gas  should  be  -IG  to  -18 
inch,  and  for  rich  cannel  gas  -13  inch.  K  the  argand  ring  has 
10  orifices,  the  diameter  of  the  central  opening  should  be  =7'j;ths 
of  an  inch ;  if  25  orifices,  it  should  be  1  inch  for  coal  gas ;  but 
for  oil  gas,  with  10  orifices,  the  central  opening  should  have 
a  diameter  of  h  an  inch,  and  for  20  orifices,  1  inch.  The  pin 
holes  should  be  of  equal  size,  otherwise  the  larger  ones  will  ] 
cause  smoke,  as  in  an  argand  flame  with  an  uneven  wick. 

The  bude  burner  consists  of  2  or  3  concentric  argand  rings 
perforated  in  the  manner  just  described.  It  is  well  adapted  for 
producing  a  large  body  of  very  intense  light  with  a  compara- 
tively moderate  consumption  of  gas. 

Winfield's  argand.  —  The  chief  distinction  between  this  and 
the  ordinary  argand  burner  consists  in  the  introduction  of  a 
metallic  button  above  the  annulus,  so  as  to  cause  the  internal 
current  of  air  to  impinge  against  the  flame.  A  peculiarity  in  the  shape  of  the  glass 
chimney,  as  seen  in  the  figure,  produces  the  same  effect  upon  the  outer  current  of  air 
See  fig.  483. 

Guise's  argand  contains  26  holes  in  a  ring,  the  inner  diameter  of  which  is  -6  inch 
and  the  outer  diameter  1-9  inch.    Like  the  Winfield  burner,  it  has  a  metal  button 
an  mch  m  diameter,  and  1  inch  above  the  annulus.    The  glass  chimney,  which  is 
cylindrical,  is  2  inches  in  diameter,  and  6  inches  long. 

Leslie's  argand  consists,  as  seen  in  the  figure  (Jig.  485),  of  a  series  of  fine  tubes 

485 


484 


arranged  in  a  circle,  by  which  a  more  uniform  admixture  of  air  with  the  ens 
bf  thcte  of  f^r"*  ""'r  ^'■S^'^l  o^ly  be  obfained 
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Table  IL— Results  of  Experiments  on  Newcastle  Cannel  Oas  by  Mr.  A.  Wright. 


1  Foot 

I J  Foot 

2  Feet 

2^  Feet 

3  Feet 

3J  Feet 

4  Feet 

4^  Feet 

per 
Hour* 

nour< 

per 
Hour. 

per 
Jtlour. 

per 
I'lour. 

^^er 

^er 

Cim^nli    ITltrVi    foil      XIrt     1  •  

ococcn  risn-taii,  ino.  i 

5-02 

One  foot  =  candles  - 

4-75 

„     =  grains  of  sperm 

685- 0 

602-0 

Scotch  Fish-tail,  No.  2  :— 

One  foot  =  candles  - 

5-05 

5-77 

S'95 

5-84 

5-53 

„      =  grains  of  sperm 
Guise's  Argand : — 

606-0 

690-0 

714-0 

700-0 

563-0 

6-74 

One  foot  =  candles  - 

1-08 

1'85 

3-12 

4-85 

495 

5-77 

„      =  grains  of  sperm 

129-0 

222-0 

374-0 

582-0 

594-0 

692-0 

808-0 

Table  III.  contains  the  results  of  Mr.  Barlow's  experiments  on  gas  produced  from 
a  mixture  of  Pelton,  Felling,  and  Dean's  Primrose,  all  first  class  Newcastle  gas-coals, 
largely  used  in  London. 

The  burners  employed  in  these  experiments  were  the  following: — 

1st    A  No.  3  fish-tail,  or  union  jet. 

2nd.  A  No.  5  bat's-wing. 

3rd.  A  common  argand,  with  15  large  holes  in  a  ring  "85  inch  diameter,  and  a 
cylindrical  chimney  glass  7  inches  high. 

4th.  A  Platow's  registered  argand,  with  large  holes  in  a  ring,  -9  inch,  with  inside 
and  outside  cone,  and  cylindrical  chimney  glass  8-5  inches  high. 

5th.  A  Biznner's  patent  No.  3  argand,  with  28  medium  sized  holes  in  a  ring  "75 
inch  diameter,  and  cylindrical  chimney  glass  8-65  inches  high. 

6th.  A  Winfield's  registered  argand,  with  58  medium  sized  holes  In  2  rings  of  29 
holes  in  each,  the  mean  diameter  being  1  inch,  with  deflecting  button  inside  and 
gauge  below,  bellied  chimney  glass  8  inches  high. 

7th.  A  Leslie's  patent  argand,  with  28  jets  in  a  ring  95  inch  diameter,  and 
chimney  glass  3-5  inches  high. 

8th.  A  Guise's  registered  shadowless  argand,  with  26  large  holes  in  a  ring  -85  inch 
diameter,  and  deflecting  button,  cylindrical  chimney  glass  6*1  inches  high,  and  glass 
reflecting  cone  to  outside  gallery. 

On  an  average  of  numerous  trials  the  annexed  results  were  obtained: — 


Table  III 


Burner. 

Bate  of  Consumption  per 

Value  of  Cubic  Foot  in 

Standard  Candles  per 
Cubic  Foot. 

Hour  in  Cubic  Feet. 

Grains  of  Sperm. 

No.  2 

4-9 

289-0 

2-4 

„  3 

5-5 

343-0 

2-85 

„  5 

5-5 

374-0 

3-11 

„  6 

5-5 

337-0 

2-8 

8 

5-5 

350-0 

2-91 

„  I 

5-5 

276-0 

2-3 

»  2 

5-0 

290-0 

2-41 

3 

5-5 

341-0 

2-84 

4 

5-5 

348-0 

2-9 

5 

5-5 

3800 

3-16 

»  6 

5-5 

335-0 

2-79 

,,  7 

4-1 

369-0 

3-07 

,,  8 

5-5 

364-0 

3-03 

It  has  been  stated  that  one  of  the  conditions  necessary  for  the  production  of  the 
maximum  illuminating  power  from  a  gas  flame,  is  the  attainment  of  the  highest 
possible  temperature,  and  that  this  condition  has  been  almost  entirely  neglected  in 
the  burners  hitherto  in  use.  Dr.  Frankland  has,  however,  proved,  by  some 
hitherto  unpublished  experiments,  that  this  condition  may  be  easily  secured 
by  employing  the  waste  heat  radiating  from  the  gas  flame,  for  heating  the  air 
previous  to  its  employment  for  the  combustion  of  the  gas  -,  and  that  the  increased 
temperature  thus  obtained  has  the  eff'ect  of  greatly  increasing  the  illuminating 
power  of  a  given  volume  of  the  gas.  Fig.  486  shows  the  burner  contrived  by 
Dr.  irankland  for  this  purpose,    a  is  a  common  argand  burner,  or  better,  a  Les- 
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lie's  argand,  furnishecl  with  the  usual  gallery  and  glass  chim- 
ney b,  c;  the  latter  must  he  4  to  6  inches  longer  than  usual. 
(Id  is  a.  circular  disc  of  plate  glasSj  perforated  in  the  centre,  and 
fixed  upon  the  stem  of  the  burner  about  IJ  inches  below  the  gal- 
lery by  the  collar  and  screw  e.  //  is  a  second  glass  chimney 
somewhat  conical,  ground  at  its  lower  edge  so  as  to  rest  air  tight, 
or  nearly  so,  upon  the  plate  d  d ;  and  of  such  a  diameter  as  to 
leave  an  annular  space  \  inch  broad  between  the  two  cylinders 
at  gg.  The  cylinder/ should  be  of  such  a  length  as  to  reach  the 
level  of  the  apex  of  the  flame.  The  action  of  this  burner  will 
now  be  sufficiently  evident.  When  lighted,  atmospheric  air  can 
only  reach  the  flame  by  passing  downwards  through  the  space 
between  the  cylinders  /  and  c ;  it  thus  comes  into  contact  with  the 
intensely  heated  walls  of  c  and  has  its  temperature  raised  to  about 
."iOO"  or  600°  before  it  reaches  the  gas  flame.  The  passage  of  this 
f  heated  air  over  the  upper  portion  of  the  argand  burner  also  raises 
the  temperature  of  the  gas  considerably  before  it  issues  from  the 
burner.  Thus  the  gases  taking  part  in  the  combustion  are  highly 
heated  before  inflammation,  and  the  temperature  of  the  flame  is 
consequently  elevated  in  a  corresponding  degree.  Experiments 
with  this  burner  prove  a  great  increase  in  light,  due  chiefly  to  the 
higher  temperature  of  the  radiating  particles  of  carbon  ;  but,  no 
doubt,  partly  also  to  the  heat  being  sufliciently  high  to  cause  a 
deposition  of  carbon  from  the  light  carburetted  hydrogen  ;  thus 
rendering  this  latter  gas  a  contributor  to  the  total  illuminating  effect ; 
whilst,  when  burnt  in  the  ordinary  manner,  it  merely  performs 
the  functions  of  ^  diluent.  The  following  are  the  results  of  Dr. 
Frankland's  experiments  with  this  burner. 


I.  Argand  burner  without 
external  cylinder. 


II.  Same  burner  with  ex- 
ternal cylinder. 


Rate  of  Consumption 

per  Hour. 
3  "3  cubic  feet 

3-  7 

4-  2 

r2-2 

2-6 
2-7 


30 
1.3-3 


Light  in  Sperm  Candles,  eacli 
burning  120  grs.  per  Hour. 

-  13*0  candles. 

-  15-5  „ 

-  17-0  „ 

-  13-0  „ 

-  15-5  „ 

-  16-7  „ 

-  19-7  „ 

-  21-7  „ 
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These  results  show  that  the  new  burner,  -when  compared  with  the  ordinary  argand, 
saves  on  an  average  49  per  cent,  of  gas,  when  yielding  an  equal  amount  of  light ; 
and  also  that  it  produces  a  gain  of  67  per  cent,  in  light  for  equal  consumptions. 

Faraday's  ventilating  burner.  —  This  admirable  contrivance,  the  invention  of 
Mr.  Faraday,  completely  removes  all  the  products  of  combustion,  and  prevents 

their  admixture  with  the  atmosphere  of  the 
apartments  in  which  the  gas  is  consumed. 
The  burner  consists  of  an  ordinary  argand, 
fig.  487,  a,  fitted  with  the  usual  gallery  and 
chimney  b,  b.  A  second  wider  and  taller 
cylinder,  c  c,  rests  upon  the  outer  edge  of 
the  gallery  which  closes  at  bottom  the  an- 
nular space,  dd,  between  the  two  gUiss  cy- 
linders, c  c,  is  closed  at  top  with  a  double 
mica  cap  e.  /is  the  tube  conveying  the  gas 
to  the  argand;  jTsr  is  a  wider  tube  \\  inchi-s 
in  diameter,  communicating  at  one  extremity 
with  the  annular  space  between  the  two 
glass  cylinders,  and  at  the  other,  either  with 
a  flue  or  the  open  air.  The  products  of  com- 
bustion from  the  gas  flame  are  thus  compelled 
to  take  the  direction  indicated  by  the  arrows, 
and  are  therefore  prevented  from  coniauii- 
nating  the  air  of  the  apartment  in  which  the 
gas  is  consumed,  h  is  a  ground  glass  globe 
enclosing  the  whole  arrangement,  and  hav- 
ing only  an  opening  below  for  the  admission 
of  air  to  the  flame.    In  order  to  dispense  with  the  descending  tube,  to  wluch  there 
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are  some  objections,  Mr.  Rutter  has  constructed  a  ventilating  burner  in  whicli  the 
ordinary  glass  chimney  is  made  to  terminate  in  a  metal  tube,  through  which  the 
products  of  combustion  are  conveyed  avva}-.  Mr.  Dixon  has  also  constructed  a  modi- 
fication of  Faraday's  burner,  the  peculiarity  of  which  consists  in  the  use  of  a  separate 
tube  bringing  air  to  the  flame  from  the  same  place,  outside  the  building,  to  which  the 
products  of  the  burner  are  conveyed ;  this  contrivance  is  said  to  prevent  downward 
draughts  through  the  escape  pipe,  and  a  consequently  unsteady  flame.  Faraday's 
burner  is  in  use  at  Buckingham  Palace,  Windsor  Castle,  the  House  of  Lords,  and  in 
many  public  buildings. 

On  the  Estimation  of  the  value  of  rLLuiiiNATiNO  Gas. 

There  are  two  methods  in  use  for  estimating  the  illuminating  value  of  gas,  viz  

1st.  The  photometric  method. 
Snd.  Chemical  analysis. 

The  photometric  method  consists  in  comparing  the  intensity  of  the  light  emitted 
by  a  gas  flanie,  consummg  a  known  volume  of  gas,  with  that  yielded  by  some  other 
source  of  light  taken  as  a  standard.  The  standard  employed  is  usually  a  spermaceti 
candle  hurnmg  at  the  rate  of  120  grains  of  sperm  per  hour.  A  spermaceti  candle  of 
SIX  to  the  pound  usually  burns  at  a  somewhat  quicker  rate  than  this  ;  but  in  all  cases 
he  consumption  of  sperm  by  the  candle  during  the  course  of  each  experiment  ought 
to  be  carefully  as^rtamed  by  weighing,  and  the  results  obtained  corrected  to  the  120 
wT^af  T  ,",n  "'^'/l^'-'^g  an  experiment  the  consumption  of  sperm 

was  at  the  rate  of  130  grams  per  hour,  and  that  the  gas  flame  being  tested  gave  a 

slSkTlL^yi^Tand^St^n-'  "^'^ 

120  :  130  ::  20  ::  217, 

w!l,ra°t'^lhPvn!"p 'J, on S""'"^'"'  ""'^  to  21-7  candles 

Duinmg  at  the  rate  of  120  grams  per  hour. 

cnl^.^T  ^''11'' n  methods  of  estimating  the  comparative  intensity  of  the  light  of  the 

diminii't"-  "^P^"  "'^  "P''-^"'        tl'^t       intensify  of  ighl 

diminishes  m  the  mverse  ratio  of  the  square  of  the  distance  from  its  source  Thus 

If  a  sheet  of  writing  paper  be  held  at  the  distance  of  one  foot  from  a  candle  so  t l  iJ 

Its  surface  is  perpendicular  to  a  line  ioiniu<r  the  centre  of  the  X^t  JT.l  a 

^iU  be  illuminated  with  a  light  four  times  as  intensf  a  tha  wht  fw^  JduZ;  'f 

.sheet  of  paper  held  in  the  same  position  at  a  distance  of  2  Lt    whr^  .V     i  1 

of  3  feet  the  light  would  have  butjth  of  the  intenSy  wihl  poss"  s  d -it  1  foot'  (v' 

the  gas  flame  divided  by  the  sonnre      tifr  r  V         /  ^'l"^'"''      ^^'^  distance  of 

illuminating  power  of  theU  in  cand  es     ?^^^^  '""1'" 

the  screen  when  the  caniUe  L  3  feet  distant  I^^^^^^^  ^^^^  "P"" 

power  of  the  gas  flame  wiU  be  i  ^^""^  ^""""inating 

11'  _  144 

32  ~  ^  —  16  candles. 

./J2i^"us°very  raSy^S^itti^^aiid  w7lJ"""  - 
capable  of  yielding  Sts  of  cSerable  n '^^  'P^'^'"  description  to  be 

dilBculty  arises  fro^  the  great  dSnee  i^  co  o^^^^^^^^^  unexpected, 
gas  being  of  a  bluish  brown  whilst  that  of  tV,o        „    •         ^^^adows  ;  that  of  the 
This  difference  of  tint  rend;rrirexceedinyv  dl^  °f  '  Z'^""^  ti"ge. 

^^hen  the  two  shadows  possess  equal  intensitv^  °"       ?^'^'^''  ^^^^ertlin 

attending  determinations  by  thisTst  a  e  ZbThlv  '  ^^^^^^I'-e^tly.  limits  of  error 
operator,  never  less  than  Tper  cen,  X  tv  T°  t*^"^  l^^^ds  of  an  experienced 
The  shadow  test  has,  therefore  reen\1f  h,  r^"'°''^,T.°  "'"^^^  ^«  1"  P«-  cent 
^^hich  consists  of  a  graduated  metal  ir  wn  TP^'^'^^V'^ 

sufficiently  strong  to  be  inflexibir  if  ^"^°"t  ^  or  10  feet  long  and 

flame,  and^  at  thf  opposite  en^the  stnd'd'calT^  A  "^'^  ?^      P^^^^  "h^^  g  s 

-^..Uingpa^r,saLated-^^.J^p-«^ 
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except  a  spot  in  the  centre,  about  the  size  of  a  shilling,  -whicli  is  to  be  left  untouched 
by  the  solution.  The  spirit  of  turpentine  soon  evaporates,  and  the  paper  is  now  ready 
for  use.  Being  more  transparent  in  the  portion  winch  has  been  saturated  with  the 
spermaceti  solution,  it  becomes  a  delicate  test  of  equality  of  light  when  placed  between 
two  luminous  bodies  ;  for  if  the  light  of  one  of  the  bodies  impinge  with  greater  in- 
tensity upon  one  side  of  the  screen  than  the  other  light  does  upon  the  opposite  side, 
the  difference  in  the  transparency  of  the  two  portions  of  the  screen  will  become  dis- 
tinctly visible  ;  the  spot  in  the  centre  appearing  comparatively  opaque  on  the  less 
illuminated  side.  When  the  screen  is  brought  into  such  a  position  between  the  two 
sources  of  light  as  to  render  the  central  spot  nearly  or  quite  invisible  on  both  sides, 
the  illuminating  effect  of  both  lights  at  that  point  may  be  regarded  as  equal ;  and 
all  that  now  remains  to  be  done  is  to  measure  the  respective  distances  of  the  candle 
and  gas  from  the  screen,  and  divide  the  square  of  the  distance  of  the  gas  by  the 
square  of  that  of  the  candle ;  the  quotient  expresses  the  illuminating  power  of  the 
gas  in  candles.  One  of  the  most  convenient  forms  of  this  instrument  has  been  con- 
trived by  Mr.  Wright,  and  may  be  had  at  55,  Millbank  Street,  Westminster.  It 
consists  of  the  following  parts  :  — 

488 


a  .  ■  

1.  A  wooden  rod  exactly  100  inches  long  {Jig.  483)  from  the  centres  of  sockets  at 

lis  ends,  ab. 

2.  An  upright  pillar,  c, 

i  i  rS.ga'nTsMe,-B,  having  a  metal  socket,  p,  on  its  top,  to  hold  the  circular 
frame,  o,  and  a  small  pointer  in  its  front.  i 

S  pliif  no  .re  »ade,  b.c.„s.  th,  „.j.r  dl,i..».  tacome  so  small 

placed  at  the  other.    This  latter  instru  consumption  by  observations  of  one 

=  S^^h^s^:;;^^SC|e^  the  outer  circle 

This  dial  has  two  circles  upon  Jf^'^'^  and^eLch  of  these  again  divided  into 
divided  into  four,  and  tl^VP^^f  the  oute  ciVdf  is  a  cl'c  ^  and  every  major 
tenths.    Every  major  division  of  the  outei  ^ij^ie  is  -^^^.^^  on  the 

division  of  the  inner  circle  is  ,'oth  f  ^ J^^^^^  ^J^^^"  foot  that  a  minute  does  to  an 
inner  circle  each  bear  the  ^^"^^  P^P^^'^J.^.'ions  of  divisions,  which  the 

hour.    If,  therefore,  the  number  "^^hese  divisions^  necessary  to  read 

hand  passes  over  in  a  "l^^^^^' f  "^.l^^^^fj    hourly  rate  of  consumption.  . 
them  off  as  feet  and  tenths  of  a  foot  to  obtain  me  n^^^^^^  ^^^^ 

Thus,  suppose  the  pomter  .Pajses  /;°^  aShstnd  ^ths  of  a  cubic  foot  m 
division  beyond  the  figure  4,    ^""J'^^;;^^^^^^^^^  haTe  ^jths  ^^ths  x  60  = 

.,th  of  an  hour-  Multiplying  these  quantiu  s  by  b  u^^^^^  ^^^^^^^ 

Sths  =  4^  cubic  feet,  and     h  x  60  -  '        J,;^'  '^^^d  as  feet  and  tenths. 

by  simply  reading  off  the  divisions  ^^ich  had  be.n  passea  ^  micrometer 
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when  experimenting.    The  graduated  rod  is  supported  in  an  exactly  horizontal 

position  by  the  pillars  c  and  j,  and  screwed  together  by  its  binding  screws. 

The  caudle  socket  d  is  screwed  on  to  the  top  of  c,  and  the  mahogany  slide  c 

placed  on  the  rod,  with  its  pointer  to  the  scale,  carrying  the  frame  g,  containing  a 

prepared  paper,  and  covered  by  the  cone  h. 

The  prepared  paper  is  made  by  coating  white  blotting-paper  -with  sperm,  so  as  to 

render  it  semi-transparent,  leaving  a  small  spot  in  the  centre  plain,  and  therefore 

opaque.    See  g  in  the  figure. 

All  that  now  remains  to  render  the  apparatus  ready  for  experimenting,  is  to  put  a 

piece  of  caudle  into  the  socket,  and  consume  the  gas  through  a  proper  burner  over 

the  meter,  taking  care  that  the  centres  of  the  candk-Jame,  paper,  atid  gas  flame,  are  in 
one  horizontal  line,  and  adopting  the  precautions  previously  laid  down. 

Unfortunately  the  determination  of  the  exact  point  of  equality  of  the  two  lights,  is 
by  no  means  easy,  even  after  considerable  practice;  and  the  maximum  amount  of  error 
to  which  even  the  practised  operator  is  liable  in  such  estimations  of  illuminating 
power,  cannot  be  set  down  at  less  than  .5  per  cent.  It  is  scarcely  necessary  to  add 
that  ^1  photometric  experiments  must  be  conducted  in  an  apartment  from  which  all 
■  light  from  other  sources  is  excluded,  and  the  walls  of  which  are  rendered  as  absorbent 
as  possible,  by  being  coated  with  a  mixture  of  lampblack  and  size,  or  by  beinff  hunff 
with  black  lustreless  calico.  >       ./        a  e 

Analytical  method  of  estimating  the  value  of  illuminating  ja*.  —  Frankland  has  shown 
that  the  resources  of  chemical  analysis,  place  in  our  hands  a  method  for  the  deter- 
mination of  the  Illuminating  value  of  gas  considerably  more  accurate  than  the 
photometric  processes  just  described,  although  the  execution  of  the  necessary 
operations  requires  more  skill,  and  is  usually  much  more  troublesome.  As  the 
;;!n!c?Mf  /  I  illuminatmg  power  of  a  sample  of  gas  by  the  analytical  method 
analv     nf  nnT*  °^  performance  of  a  complete 

analysis  of  coal-gas,  we  shall  here  include  in  our  description  of  the  former  process 
the  additional  details  necessary  for  the  latter.  ^.i  p.ui,coa 

tl,i"  f^^^^'f}"""  "I      sarnple  ofgas.-ln  all' analytical  operations  upon  gases,  it  is  of 

atosoTel'T  ThV''*'''^r  f -^^  ^'''''^'"^  f™"^  all  admixtin-e  with 
atmospheiic  air.  This  can  only  be  done,  either  by  collecting  the  samples  of  cas 
over  mercury,  or  by  enclosing  them  in  hermetically  sealed  tubes.  When  the  sample 
of  gas  IS  collected  at  the  place  where  the  analysi's  is  to  be  made,  the  former  prn^is 
snU-?°  '^^"^e^'f  t.  ^  ben  the  sample  4s  to  be  obtained  from  a Tocaht^  at 
oXot    r^',  7       ^Wov^^  laboratory,  the  latter  plan  is  usually  adopted  To 

32  tuhTto  fhf  "^T^""^'  ^•""^'^  """^  ^-^^  °f  ^  Pi'^'^e  of  vulcanise^d  Indian- 

rubber  tube  to  the  gas  pipe,  and  insert  into  the  other  extremity  a  piece  of  class  tube 
bent,  as  shown  at  K,fig.  489,  allow  the  gas  to  stream  ^     ^  ^ 

through  these  tubes  for  two  or  three  minutes,  and 
then  suddenly  pkmge  the  open  extremity  of  the 
glass  tube  beneath  the  surface  of  the  mercury  in 
the  trough  c.  Then  fill  the  small  gas  jar  b  com- 
pletely with  mercury,  taking  care  to  remove  all  air 
bubbles  from  its  sides  by  means  of  a  piece  of  iron 
wre,  and  closmg  its  mouth  firmly  with  the  thumb 
invert  It  in  the  trough  c,  introducing  the  end  of  the 
bent  tube  a  into  its  open  extremity,  in  such  a  way 
as  to  bring  the  mouth  of  a  above  the  level  of  the 

surface  of  the  mercury  in  c.    The  gas  will  then  ^  -  -.r  ■ 

meTan^  tL  tr^ff^  ir^L^^l^ tXTb^eLV  ^""^r^^* 

mercury  and  brought  beneath  b  the  Httr  ''^  ^''^d  ^^h 

wiU  be'thus  presef  V  d  f^t  an;  app  Sl^aLo^n^°^  '""^  '"-^^'S'^' 

months.  ^  appieciabie  atmospheric  intermixture  for  several 

tak^ajrSfglSuV^^^  P-eeed  as  follows: 

It  out  at  both  ends  before  the  blownine  .  .if  ^"^^F'^al  diameter,  and  1  foot  long;  draw 
fig.  491,  to  a  vulcanised  Ldian-rX^^^^^^^^  "^'^^       ^^t«™ity,  a 

and  the  opposite  extremity  b,  to  a  sS  ar  fleifhr^^r  7"''  ^  °f  t^e  gas, 

jsallowed  to  hangdown  p^er^endSiy  from  i     iSX  """'1  ^"-^  ^'^^'^ 

this  sj  stem  of  tubes  for  aboit  three  minutes^o        1  '  ^""^  streamed  through 

atmospheric  air,  the  flame  of  a  m!!,?!,       '  •  ^?*°.<^°sure  the  complete  expulsion  of 
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must  be  conducted  over  mercury  in  a  small  wooden  pneumatic  trough,  -with  plate 
glass  sides,  the  construction  of  wliich  is  shown  in  Jig.  493.    A  is  a  piece  of  hard  well- 
490  w  492 


> 


491 


seasoned  wood,  12  inches  long  and  3  inches  hroad,  hollowed  out,  as  shown  in  the 
figure  ;  the  cavity  is  8  J  inches  long.  If  inches  broad,  and  If  inches  deep.  The  bottom 
of  this  cavity  is  rounded,  with  the  exception  of  a  portion  at  one  end,  where  a  surface, 
1  inch  broad,  and  1^  inches  long,  is  made  perfectly  flat,  a  piece  of  vulcanised  Indian- 
rubber,  -^th  of  an  inch  thick,  being  firmly  cemented  upon  it.  Two  end  pieces,  b  b,  f  ths 
of  an  inch  thick,  3^  inches  broad,  and  5  inches  high,  are  fixed  to  the  block  a  ;  these 
serve  below  as  supports  for  a,  and  above  as  the  ends  of  a  wider  trough,  which  is 
formed  by  the  pieces  of  plate  glass  cc,  cemented  into  a  and  b  b.  The  glass  plates 
c  c,  are  10^  inches  long,  and  1 J  inches  high ;  they  are  slightly  inclined,  so  that  their 


lower  edges  are  about  2?  inches,  and  their  upper  edges  2i  mches  apart.  This  trougn 
strnds  upon  a  wooden  slab  d  d,  upon  which  it  is  held  in  its  place  by  two  strips  of 
Toofee^  An  upright  column  F,  which  is  screwed  into  d,  carries  the  inclined  stand 
G  which  serves  to  support  the  eudiometer  during  the  transference  of  gas  h  is  a 
circTikr  inclined  slot  in  u,  which  allows  of  the  convenient  inclination  ot  the  eudio- 
TeterTn  the  stand  o.    i  is  an  indentation  in  which  the  lower  end  ot  the  eudiomete 

into  cubic  inches  and  tenths  of  a  cubic  inch,  the  tenths  being  subdivided  by  tlie  eje 
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into  hundredths,  when  the  volume  of  gas  is  read  off;  this  latter  division  is  readily- 
attained  by  a  little  practice.  At  each  determination  of  volume,  it  is  necessary  that 
the  gas  should  either  be  perfectly  dry,  or  quite  saturated  with  moisture.  The  first 
condition  is  attained  by  placing  in  the  gas,  for  half  an  hour,  a  small  ball  of 
fused  chloride  of  calcium,  attached  to  a  platinum  wire*;  the  second  condition,  by 
introducing  a  minute  di-op  of  water  into  the  head  of  the  eudiometer,  before  filling  it 
with  quicksilver.  The  determinations  of  volume  must  either  be  made  when  the 
mercury  is  at  the  same  level  inside  and  outside  the  eudiometer,  or,  as  is  more 
frequently  done,  the  difference  of  level  must  be  accurately  measured  and  allowed  for 
in  the  subsequent  reduction  to  a  standard  pressure.  The  height  of  the  barometer 
and  the  temperature  of  the  surrounding  atmosphere  must  also  be  observed  each  time 
the  volume  of  gas  is  measured,  and  proper  corrections  made  for  pressure,  temperature, 
and  also  the  tension  of  aqueous  vapour,  if  the  gas  be  moist.  As  tables  and  rules  for 
these  corrections  are  given  in  most  treatises  on  chemistry,  they  need  not  be  repeated 
here. 

These  troublesome  corrections  and  calculations  can  be  avoided  by  employing  an 
instrument  lately  invented  by  Dr.  Frankland  and  Mr.  Ward,  and  which  not  only  does 
away  with  the  necessity  for  a  room  devoted  exclusively  to  gaseous  manipulations, 
but  greatly  shortens  and  simplifies  the  whole  operation.    This  instrument  which  is 


represented  by  fig.  494,  con 
sists  of  the  tripod  a,  furnished 
with  the  usual  levelling  screws, 
and  carrying  the  vertical  pillar 
B  B,  to  which  is  attached,  on 
the  one  side,  the  movable  mer- 
cury trough  c,  with  its  rack  and 
pinion  a  a,  and  on  the  other, 
the  glass  cylinder  d  d,  with  its 
contents.    This  cylinder  is  36 
inches  long,  and  4  inches  in- 
ternal diameter;  its  lower  ex- 
tremity is  firmly  cemented  into 
an  iron  collar  c,  the  under  sur- 
face of  which  can  be  screwed 
perfectly  watertight  upon  the 
bracket  plate  d  by  the  inter- 
position of  a  vulcanised  caout- 
chouc ring.    The  circular  iron 
plate  d  is  perforated  with  three 
apertures,  into  which  the  caps 
e,  e,  e,  are  screwed,  and  which 
communicate  below  the  plate 
with  the  T  piece  e  e.  This 
latter  is  furnished  with  a  double- 
way  cock  /  and  a  single- way 
cock  g,  by  means  of  which  the 
tubes  cemented  into  the  sockets 
e,  e,  e,  can  be  made  to  com- 
municate with  each  other,  or 
with  the  exit  pipe  h  at  pleasure. 

F,  G,  H,  are  three  glass  tubes, 
which  are  firmly  cemented  into 
the  caps  e,  e,  e.  f  and  b,  are 
each  from  15  to  20  millimetres 
internal  diameter,  and  are  se- 
lected of  as  nearly  the  same 
bore  as  possible,  to  avoid  a 


494 


hich  should  hp  of 

:onstantly  in  operations  upon 
formed  IS  fusible  by  he.it.. -18 
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ground.  The  tube  f  terminates  at  its  upper  extremity  in  the  capillary  tube  k,  whicTi 
is  carefully  cemented  into  the  small  steel  stopcock  /.  f  has  also  fused  into  it 
at  m,  two  platinum  wires,  for  the  passage  of  the  eftctric  spark.  After  this  tube 
has  ijeen  firmly  cemented  into  the  cap  e,  its  internal  volume  is  accurately  divided 
into  10  perfectly  equal  parts,  -which  is  effected  without  difficulty  by  first  filling 
it  with  mercury  from  the  supply  tube  g,  up  to  its  junction  with  the  capillary 
attachment,  and  then  allowing  the  mercury  to  run  off  through  the  nozzle  h  until  the 
highest  point  of  its  convex  surface  stands  at  the  division  10,  previously  made  so  as 
exactly  to  coincide  with  the  zero  of  the  millimetre  scale  on  h;  the  weight  of  the 
mercury  thus  run  off"  is  carefully  determined,  and  the  tube  is  again  filled  as  before, 
and  divided  into  10  equal  parts,  by  allowing  the  mercury  to  run  off'  in  successive 
tenths  of  the  entire  weight,  and  marking  the  height  of  the  convexity  after  each 
abstraction  of  metal.  By  using  the  proper  precautions  with  regard  to  temperature, 
&c.,  an  exceedingly  accurate  calibration  can,  in  this  way,  be  accomplished. 

The  absorption  tube  i  is  supported  by  the  clamp  n,  and  connected  with  the 
capillary  tube  /(,  by  the  stopcock  and  junction  piece  ll',p,  as  shown  in  the  figure. 
When  the  instrument  is  thus  far  complete,  it  is  requisite  to  ascertain  the  height  of 
each  of  the  nine  upper  divisions  on  the  tube,  above  the  lowest  or  tenth  division. 
This  is  very  accurately  effected  in  a  few  minutes  by  carefully  levelling  the  instru- 
ment, tilling  the  tube  g  with  mercury,  opening  the  cock  I,  and  the  stoppered  funnel  i, 
and  placing  the  cock  /  in  such  a  position  as  to  cause  the  tubes  F  h  to  communicate 
with  the  supply  tube  g.  On  now  slightly  turning  the  cock  g,  the  mercury  will  slowly 
rise  in  each  of  the  tubes  f  and  h  ;  when  its  convex  surface  exactly  coincides  with 
the  ninth  division  on  f,  the  influx  of  metal  is  stopped,  and  its  height  in  h  accurately 
observed  ;  as  the  tenth  division  on  F  corresponds  with  the  zero  of  the  scale  upon  h, 
it  is  obvious  that  the  number  thus  read  off  is  the  height  of  the  ninth  division  above 
that  zero  point.  A  similar  observation  for  each  of  the  other  divisions  upon  f  com- 
pletes the  instrument.* 

Before  using  the  apparatus,  the  large  cylinder  d  d  is  filled  with  water,  and  the 
internal  walls  of  the  tubes  f  and  h  are,  once  for  all,  moistened  with  distilled  water, 
by  the  introduction  of  a  few  drops  into  each,  through  the  stopcock  /,  and  the 
stoppered  funnel  i.  The  three  tubes  being  then  placed  in  commimication  with  each 
other,  mercury  is  poured  into  g  until  it  rises  into  the  cup  i,  the  stopper  of  which  is 
then  firmly  closed.  When  the  mercury  begins  to  flow  from  I,  that  cock  is  also 
closed  The  tubes  f  and  h  are  now  apparently  filled  with  mercury,  but  a  minute 
and  imperceptible  film  of  air  still  exists  between  the  metal  and  glass ;  this  is  effectually 
ffot  rid  of  by  connecting  f  and  h  with  the  exit  tube  and  allowing  the  mercury  to 
flow  out  until  a  vacuum  of  several  inches  in  length  has  been  produced  m  both  tubes ; 
on  allowing  the  instrument  to  remain  thus  for  an  hour,  the  whole  of  the  film  of  air 
above  mentioned  will  diff-use  itself  into  the  vacuum,  to  be  filled  up  from  the  supply 
tube  G  These  bubbles  are  of  course  easily  expelled  on  momentarily  opening  the 
cock  Z"and  the  stopper  i  whilst  g  is  full  of  mercury.  The  absorption  tube  i  being 
then  filled  with  quicksilver,  and  attached  to  I  by  the  screw  clamp,  the  instrument  is 

In^ilki'stration  of  the  manner  of  using  the  apparatus,  a  complete  description  of  an 
analysis  of  coal-gas  by  this  instrument  will  be  given  below.  ,      j  j- 

For  the  analysis  of  purified  coal-gas  by  means  of  the  mercury  trough  and  eudio- 
meter, the  following  operations  are  necessary:  — 

I.  Estimation  of  Carbonic  Acid. 

A  few  cubic  inches  of  the  gas  are  introduced  into  a  short  eudiometer,  moistened  as 
above  described;  the  volume  is  accurately  noted,  with  the  proper  corrections,  and  a 
St  of  caustic  potash  is  then  passed  up  through  the  mercury  into  the  gas:  it  is 
allowed  to  emain  for  at  least  one  hour;  the  volume  of  the  gas  being  again  aseer- 
tainld  and  subtracted  from  the  first  volume  gives  the  amount  of  carbonic  acid  which 
has  been  absorbed  by  the  potash. 

II.  Estimation  of  Oxygen. 

This  cas  can  be  very  accurately  estimated  by  Liebig's  method,  which  depends 
„non  tL  ranid  absorption  of  oxygen  by  an  alkaline  solution  of  pyrogalhc  acid.  To 
nn2  this  soluti  a^small  test-tube  is  filled  with  quicksilver,  and  inverted  in  the 
Sen  -v  trS  a  few  drops  of  a  saturated  solution  of  pyrogalhc  acid  in  water  are 
d  row7un  into  tube  by  means  of  a  pipette,  and  then  a  similar  quantity  of  a  strong 
soh^on  of  potash  ;  a  coke  bullet  attached  to  a  platinum  wire  is  introduced  into  this 
Hquid  aniffiwed  to  saturate  itself;  it  is  then  withdrawn,  and  conveyed  carefully 

*  This  instrument  n,ny  be  obtained  from  Mr.  Oer-lng,  i.l.llo.ophical  instrument  m.-,kcr,  Store 
Street,  Tottonhiim  Court  Itoiid. 
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oeiow  the  surface  of  tlie  mercury  into  flie  eudiometer  containing  the  residual  gas  of 
experiment  No.  1 ;  eveiy  trace  of  oxygen  will  be  absorbed  in  a  few  minutes,  when  the 
bullet  must  be  removed,  and  the  volume  being  again  measured,  the  diminution  from 
the  last  reading -will  represent  the  amount  of  oxygen  originally  present  in  the  gas.  It 
is  essential  that  the  coke  bullet,  after  saturation  with  the  alkaline  solution  of  pyrogallic 
acid,  should  not  come  in  contact  with  the  air  before  its  introduction  into  the  gas. 

III.  EsTrSIATION  OF  THE  LUMINIFEBOUS  CoNSTITtTENTS. 

Various  methods  have  been  employed  for  the  estimation  of  the  so-called  defiant 
gas  (luminiferous  constituents)  contained  in  coal-gas.    The  one  which  has  been 
most  generally  employed,  depends  upon  the  property  which  is  possessed  by  defiant 
gas,  and  most  hydrocarbons,  of  combining  with  chlorine,  and  condensing  to  an  oily 
liquid :  hydrogen  and  light  carburetted  hydrogen  are  both  acted  upon  in  a  similar 
manner  when  a  ray  even  of  diffused  light  is  allowed  to  have  access  to  the  mixture ; 
but  the  condensation  of  the  defiant  gas  and  hydrocarbons  takes  place  in  perfect 
darkness,  and  advantage  is  therefore  taken  of  this  circumstance  to  observe  the  amount 
of  condensation  which  takes  place  when  the  mixture  is  excluded  from  light.  The 
voliune,  which  disappears  dui-ing  this  action  of  the  chlorine,  is  regarded  as  indicating 
the  quantity  of  defiant  gas  present  in  the  mixture.    There  are  many  sources  of  error 
inseparably  connected  with  this  method  of  operating,  which   render  the  results 
unworthy  of  the  slightest  confidence  ;  the  same  remark  applies  also  to  the  employment 
of  broniine  in  the  place  of  chlorine ;  in  addition  to  the  circumstance  that  these 
determmations  must  be  made  over  water,  which  allows  a  constant  diffusion  of 
atmospheric  air  into  the  gas,  and  vice  versa,  there  is  also  formed  in  each  case  a 
volatile  liquid,  the  tension  of  the  vapour  of  which  mcreases  the  volume  of  the  residual 
gas ;  and  this  increase  admits  of  neither  calculation  nor  determination.    The  only 
inaterial  by  which  the  estunation  of  the  luminiferous  constituents  can  be  accurately 
effected  is  anhydrous  sulphuric  acid,  which  immediately  condenses  the  luminiferous 
constituents  of  coal-gas,  but  has  no  action  upon  the  other  ingredients,  even  when 
exposed  to  sunlight.     The  estimation  is  conducted  as  foUows:  — A  coke  bullet 
prepared  as  described  above,  and  attached  to  a  platinum  wire,  being  rendered 
thoroughly  dry  by  slightly  heating  it  for  a  few  minutes,  is  quickly  immersed  in  a 
saturated  solution  of  anhydrous  sulphuric  acid,  in  Nordhausen  sulphuric  acid,  and 
allowed  to  remain  in  the  liquid  for  one  minute;  it  is  then  withdrawn,  leaving  as  little 
superfluous  acid  adhering  to  it  as  possiWe,  quickly  plunged  beneath  the  quicksilver 
m  the  trough,  and  introduced  into  the  same  portion  of  dry  gas,  from  which  the 
■carbonic  acid  and  oxygen  have  been  withdrawn  by  experiments  1.  and  II.;  here 
It  IS  allowed  to  remain  for  about  two  hours,  in  order  to  ensure  the  complete  absorption 
of  every  trace  of  hydrocarbons.    The  residual  volume  of  gas  cannot,  however,  yet  be 
determined,  owing  to  the  presence  of  some  sulphurous  acid  derived  from  the  decom- 
position of  a  portion  of  the  sulphuric  add:  this  is  absorbed  in  a  few  minutes  by  the 
introduction  of  a  moist  bullet  of  peroxide  of  manganese,  which  is  readily  made  by 
fZZ'l  ^''^f''^  P'l?^"^,?  °^  manganese  into  a  stiff  paste  with  water^ollL  i^t 
mto  the  shape  of  a  smaU  bu  let.  and  then  inserting  a  bent  platinum  wire,  in  such  a 

Z^ZZZ  ^^T'  ''f  ^''^^  ''^^^^  '^'"'^^^  "'^^  •  ^all  should  then  be  put  in  a 
warm  place  and  allowed  slowly  to  dry,  it  will  then  become  hard,  and  possess  con- 
siderable cohesion  even  after  being  mdstened  with  a  drop  of  wate^  prSs  to  Us 

mlv  be  rhd"*"  A''"'.^^^^  ^"'^^t  °f  peroxid^^of  manganese 

vZ^rZr^^    f'  of  caustic  potash,  to  remove  the  watery 

vapour  mtroduced  with  the  previous  one;  at  the  end  of  another  half-hour,  this  bS 
this^  and  '  gas  at  once  read  off.    The  difference  between 

this  and  the  previous  reading,  gives  the  volume  of  the  luminiferous  constituents 
contained  m  the  gas.  This  method  is  very  accurate;  in  two  analyses  of  the  san  e 
fei  cent.^"'''  l^niiniferous  constituents  seldom  varies  more  than  0  1  or  o.2 

IV.  Estimation  op  the  Non-Ltjminifeeous  Constituents. 
Thep!rc!2all^^^  hydrogen  hydrogen,  carbonic  oxide,  and  nitrogen. 

feet  Tn    S    and  ^ths^  of        i'.T  T^  ?     ^'■"^""^^'^  eudiometer,  about  2 
„i„„    u       fa'-"'  4'°s  ot  an  inch  internal  diameter:   the  thirknpcs  r,f 
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read  off;  about  4  cubic  inclies  of  pure  oxygen  are  now  introduced,  and  the  •volume 
(moist)  again  determined.  The  oxygen  is  best  prepared  at  the  moment  wlien  it  is 
wanted,  by  heating  over  a  spirit  or  gas  flame  a  litil%  chlorate  of  potash,  in  a  very 
snidl  glass  retort,  allowing  of  course  sufficient  time  for  every  trace  of  atmospheric 
air  to  be  expelled  from  the  retort  before  passing  the  gas  into  the  eudiometer.  The 
open  end  of  the  eudiometer  must  now  be  pressed  firmly  upon  the  thick  piece  of  india- 
rubber  placed  at  the  bottom  of  the  trough,  and  an  electric  spark  passed  through  the 
mixture;  if  the  above  proportions  have  been  observed  the  explosion  will  be  but 
slight,  which  is  essential  if  nitrogen  be  present  in  the  gas,  as  this  element  will  other- 
wise be  partially  converted  into  niti'ic  acid,  and  thus  vitiate  the  results.  By  using  a 
large  excess  of  oxygen,  all  danger  of  the  bursting  of  the  eudiometer  by  the  force  of 
the  explosion  is  also  avoided.  The  volume  after  explosion  being  again  determined,  a 
bullet  of  caustic  potash  is  introduced  into  the  gas,  and  allowed  to  remain  so  long  as 
any  diminution  of  volume  takes  place ;  this  bullet  absorbs  the  carbonic  acid  that  has 
been  produced  by  the  combustion  of  the  light  carburetted  hydrogen  and  carbonic 
oxide,  and  also  renders  the  residual  gas  perfectly  dry;  the  volume  read  off  after  this 
absorption,  when  deducted  from  the  previous  reading,  gives  the  volume  of  carbonic 
acid  generated  by  the  combustion  of  the  gas. 

The  residual  gas  now  contains  only  nitrogen  and  the  excess  of  oxygen  employed. 
The  former  is  determined  by  first  ascertaining  the  amount  of  oxygen  present,  and 
then  deducting  that  number  from  the  volume  of  both  gases;  for  this  purpose  a  quan- 
tity of  dry  hydrogen,  at  least  three  times  as  great  as  the  residual  gas,  is  introduced, 
and  the  volume  of  the  mixture  determined ;  the  explosion  is  then  made  as  before,  and 
the  volume  (moist)  again  recorded :  one-third  of  the  contraction  caused  by  this  ex- 
plosion represents  the  volume  of  oxygen,  and  this  deducted  from  the  volume  of  resi- 
dual gas,  after  absorption  of  carbonic  acid,  gives  the  amount  of  nitrogen. 

The  behaviour  of  the  other  three  non-luminous  gases  on  explosion  with  oxygen 
enables  us  readily  to  find  their  respective  amounts  by  three  simple  equations,  founded 
upon  the  quantity  of  oxygen  consumed,  and  the  amount  of  carbonic  acid  generated 
by  the  three  gases  in  question.  Hydrogen  consumes  half  its  own  volume  of  oxygen, 
and  generates  no  carbonic  acid;  light  carburetted  hydrogen  consumes  twice  its 
volume  of  oxygen,  and  generates  its  own  volume  of  carbonic  acid;  whilst  car- 
bonic oxide  consumes  half  its  volume  of  oxygen,  and  generates  its  own  volume  of 
carbonic  acid.  If,  therefore,  we  represent  the  volume  of  the  mixed  gases  by  A,  the 
amount  of  oxygen  consumed  by  B,  and  the  quantity  of  carbonic  acid  generated  by 
C,  and  further,  the  volumes  of  hydrogen,  light  carburetted  hydrogen,  and  carbonic 
oxide  respectively  by  x,  y,  and  z,  we  have  the  following  equations:— 

x+y +z= A 
^x  +  2y  +  ^z^B 
y  +  z  =  U 

From  which  the  following  values  for  x,  y,  and  z  are  derived:— 

x  =  A-C 
2B-A 

3 


v.— Estimation  of  the  valce  of  the  Luminiferous  Constituents. 
We  have  now  given  methods  for  ascertaining  the  respective  quantities  of  all  the 
in-rVedienls  contained  in  any  specimen  of  coal-gas,  but  the  results  ot  the  above  analy- 

om.r?tions  aS  us  no  clue  to  its  illuminating  power.  They  give  us  U  .s  true,  the 
amount  of  lluminati^^  contained  in  a  given  volume  of  he  gas,  but  it 

wm  revidentTom  what  has  already  been  said  respecting  the  lum.mterous  powers 
ot-  these  hydria  bons,  that  the  greater  the  amount  of  carbon  eontamed  m  a  given 
volume  the  gVeater  w  11  be  the  quantity  of  light  produced  on  tbe.r  combustion ;  and 
volume,  tne  g'«i^«'        of  volumes  of  carbon  vapour  contained  in  one  volume  of  the 

as  an  illuminating  agent.    1  o'^^^/J'-y  Z  \l,^Jo{  the  "-as  in  its  original  condition, 

tStigiu^  gas  (about  one  cubic  inch)  is  introduced 
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into  the  explosion  eudiometer,  and  mixed  witli  about  five  times  its  volume  of  oxygen, 
the  electric  spark  is  passed,  and  the  volmne  of  carbonic  acid  generated  by  the  explo- 
sion ascertained  as  above  directed.  If  we  now  designate  the  percentage  of  hydro- 
carbons absorbed  by  anhydrous  sulphuric  acid  by  A,  the  volume  of  carbonic  acid 
generated  by  100  volumes  of  the  original  gas  by  B,  the  carbonic  acid  formed  by  the 
combustion  of  the  non-luminous  constituents  remaining  after  the  absorption  of  hydro- 
carbons from  the  above  quantity  of  original  gas  by  0,  and  the  volume  of  carbonic 
acid  generated  by  the  combustion  of  the  luminiferous  compounds  (hydrocarbons)  by 
X,  we  have  the  following  equation:  — 

x=B-C 

and  therefore  the  amount  of  carbonic  acid  generated  by  one  volume  of  the  hydrocar- 
bons is  represented  by 

B-C 
A 

But  as  one  volume  of  carbon  vapour  generates  one  volume  of  carbonic  acid,  this 
formula  also  expresses  the  quantity  of  carbon  vapour  in  one  volume  of  the  illumi- 
nating constituents.  For  the  purpose  of  comparison,  however,  it  is  more  convenient 
to  represent  the  value  of  these  hydrocarbons  in  their  equivalent  volume  of  olefiant  gas, 
one  volume  of  which  contains  two  volumes  of  carbon  vapour;  for  this  purpose  the 
last  expression  need  only  be  changed  to 

B-C 
2  A 

Thus,  if  a  sample  of  gas  contain  10  per  cent,  of  hydrocarbons,  of  which  one  volume 
contams  three  volumes  of  carbon  vapour,  the  quantity  of  olefiant  gas  to  which  this  10 
per  cent,  is  equivalent,  will  be  15. 

By  the  application  of  this  method  we  obtain  an  exact  chemical  standard  of  com- 
parison for  the  illuminating  value  of  all  descriptions  of  gas;  and  by  a  comparison  of 
tlie  arbitrary  numbers  thus  obtained,  with  the  practical  results  yielded  by  the  same 
gases  when  tested  by  the  photometer,  much  valuable  and  useful  information  is  gained 
_  Analysis  of  coal-gas  with  Frankland  and  Ward's  apparalns.—  lntvodnce  a  few  cubic 
inches  of  the  gas  into  the  tube  i,  fg.  494,  and  transfer  it  for  measurement  into  f,  by 
opening  the  cocks  //'  and  placing  the  tube  f  in  communication  with  the  exit  pipe  h 
the  transference  being  assisted,  if  needful,  by  elevating  the  trough  c.    When  the  gas' 

■^n^jty/        ^'"P'  °^  """""J'       ^""'""^  completely  into  f,  the  cock  /  is  shut! 
and./  turned,  so  as  to  connect  f  and  h  with  h.    Mercury  is  allowed  to  flow  out  unti 
a  vacuum  of  two  or  three  inches  in  length  is  formed  in  n,  and  the  metal^  f  isTu 
^d^^rrf  °        ^'T^f  °f '  ,th^<=°«k/  is  then  reversed,  and  mercury  very  graduany 
admittedfromc  until  the  highest  point  in  j  exactly  corresponds  with  oSe  of  the 
d  visions  upon  that  tube ;  we  will  assume  it  to  be  the  sb^th  division.    This  adjustment 
of  mercury  and  the  subseqi«.nt  readings  can  be  very  accurately  made  by  means  of  a 
small  horizontal  telescope  placed  at  a  distance  of  about  six  feet  from  ^hrevl  nder 
and  sliding  upon  a  vertical  rod.    The  height  of  the  mercury  in  h  muTt  not  be  accu 
rately  determmed,  and  ,f  from  the  number  thus  read  off,  the  height  of  the  Lth  dTv^ 


remeasuring  the  gaslu"^ -^^^  ^""^"""t  »s  of  course  ascertained  by 

and  carbonic  acid,  is  c<,ntained  [n  Tthc  rhe  i  mnsf  b^/^^  thus  deprived  of  oxygen 
and  dried,  and  being  liilcd  with  n.^^y:^^:t^:^^r'^ 
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now  be  transforred  from  f  to  i,  and  a  coke  bullet,  prepared  as  above  described,  being 
passed  up  into  i,  must  be  allowed  to  remain  in  t\^G  gas  for  one  hour.  After  its 
removal,  a  few  drops  of  a  strong  solution  of  bicbromate  of  potash  must  be  admitted 
into  I  in  order  to  absorb  the  sulphurous  acid  and  vapours  of  anhydrous  sulphuric 
acid  resulting  from  the  previous  operation.  The  gas  is  now  ready  for  measurement; 
it  is  thei'efore  passed  into  F,  and  its  volume  determined;  the  diminution  which  has 
occurred  since  the  last  reading  represents  the  volume  of  olefiant  gas  and  illuminating 
hydrocarbons  that  were  present  in  the  gas. 

It  now  only  remains  to  determine  the  respective  amounts  of  light  carburetted  hy- 
drogen, carbonic  oxide,  hydrogen,  and  nitrogen  present  in  the  residual  gas.  This  is 
effected  as  follows: — As  much  of  the  residual  gas  as  will  occupy  about  1|- inches 
of  its  length  at  atmospheric  pressure  is  retained  in  f,  and  its  volume  accurately  de- 
termined; the  remainder  is  passed  into  j,  and  the  latter  tube  removed,  cleansed,  filled 
with  mercury,  and  reattached.  A  quantity  of  oxygen  equal  to  about  three  and  a  half 
times  that  of  the  combustible  gas  is  now  added  to  the  latter,  and  the  volume  again  deter- 
mined ;  then  the  mixture  having  been  expanded  to  about  the  sixth  division,  an  electric 
spark  is  passed  through  it  by  means  of  the  wires  at  m.  The  contraction  resulting 
from  the  explosion  having  been  noted,  two  or  three  drops  of  caustic  potash  solution 
are  passed  into  j,  and  the  gas  is  then  transferred  into  the  same  tube.  In  two  minutes 
the  carbonic  acid  generated  by  the  explosion  is  perfectly  absorbed,  and  its  volume  is 
determined  by  a  fresh  measurement  of  the  residual  gas.  The  latter  must  now  be 
exploded  with  three  times  its  volume  of  hydrogen,  and  the  contraction  on  explosion 
noted.  These  operations  furnish  all  the  data  necessary  for  ascertaining  the  relative 
amounts  of  light  carburetted  hydrogen,  carbonic  oxide,  hydrogen,  and  nitrogen, 
according  to  the  mode  of  calculation  given  above. 

Finally,  the  value  of  the  luminiferous  constituents  is  obtained  as  before,  by  explod- 
ing about  a  cubic  inch  of  the  original  specimen  of  gas  with  from  four  to  five  times 
its  volume  of  oxygen,  and  noting  the  amount  of  carbonic  acid  produced. 

On  the  MANtJFACTtTRE  OF  CoAL-GaS. 

Coal  gas,  as  usually  manufactured,  is  produced  by  exposing  coal  to  a  bright-red  heat 
in  retorts.  The  gas  as  it  issues  from  the  retort  cannot  be  directly  employed  for  illumina- 
tion, for  it  contains  vapours  of  tar  and  naphtha,  as  also  steam  impregnated  with  car- 
bonate of  ammonia  and  hydrosulphate  of  sulphide  of  ammonium.  These  vapours  would 
readily  condense  in  the  pipes  through  which  the  gas  must  be  distributed,  and  would 
produce  obstructions ;  they  must  therefore  be  so  far  removed  by  previous  cooling,  as 
to  be  liable  to  occasion  no  troublesome  condensation  at  ordinary  temperatures.  The 
crude  coal-gas  contains  moreover  sulphuretted  hydrogen,  whose  combustion  for  light 
would  exhale  an  offensive  sulphureous  odour,  that  ought  to  be  avoided  as  much  as 
possible.  Carbonic  acid  enfeebles  the  illuminating  power  of  the  gas,  and  should  be 
removed.  The  disengagement  of  gas  in  the  retorts  is  never  uniform,  but  varies  at 
the  different  stages  of  the  process  ;  for  which  reason  the  gas  must  be  received  m  a 
gas-holder,  where  it  may  experience  uniform  pressure,  and  be  discharged  uniformly 
into  the  pipes  of  distribution,  in  order  to  ensure  a  steady  discharge  of  gas,  and  uniform 
intensity  of  light  in  the  burners.  A  coal-gas  apparatus  ought  therefore  to  be  so  con- 
structed as  not  only  to  generate  the  gas  itself,  but  to  fulfil  the  above  conditions. 

In  fig.  495,  such  an  apparatus  is  represented,  where  the  various  parts  are  shown 
connected  with  each  other  in  section.  „     .         v  t7 

A  is  the  furnace,  with  its  set  of  cylindrical  or  elliptical  retorts,  five  m  number.  From 
each  of  these  retorts,  a  tube  b  proceeds  perpendicularly  upwards,  and  then  by  a  curve 
or  saddle-tube,  it  turns  downwards,  where  it  enters  a  long  horizontal  cylinder  under 
B,  shut  at  each  end  with  a  screw  cap,  and  descends  to  beneath  its  middle  so  as  to  dip 
about  an  inch  into  the  water  contained  in  it.  From  one  end  of  this  cjlmder  the 
tube  <i  passes  downwards,  to  connect  itself  with  a  hoinzontal  tube  which  enters  n  o 
he  tar  lit  or  cistern  c,  b;  means  of  the  vertical  branch/.  This  branch  reaches  to 
near  the  bottom  of  the  cylindrical  vessel,  which  sits  on  the  sole  of  the  tar  cistern. 
From  the  other  side  of  the^ertical  branch/,  the  main  pipe  proceeds  to.the  coMen^^^^ 
D,  and  thence  by  the  pipe  /,  into  the  purifier  e;  from  which  the  gas  is  immediately 
transmitted  by  the  pipe  p  into  the  gasometer  f. 

The  operation  proceeds  in  the  following  way:- As  soon  as  gas  *° 
en-a-ed  from  the  ignited  retort,  tar  and  ammoniacal  hquor  are  deposited  in  he 
cylindrical  receiver  b,  and  fill  it  up  till. the  superfluity  runs  over  by   he  p  pe  he 
level  being  constantly  preserved  at  the  line  shown  in  the  figure.         t'^^/'^'^;^, '^"^ 
ITquld  the^orifices  oltL  several  pipes  i,  issuing  from  '}'.^-'^'  ^^^^^^^^ 
the  gas  in  the  pipe  d  has  its  communication  cut  off  from  t'-c  f 
Hence  if  one  of  Jhe  retorts  be  opened  and  emptied,  '  "'  "i^^^^^^ 

of  the  apparatus.    This  insulation  of  the  several  retorts  is  the  lunction  ot  tiic  pipe 
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under  b,  and  therefore  the  recurved  tube  h,  must  be  dipped  as  far  under  the  surface 
of  the  tarry  liquid  as  to  be  in  equilibrio  with  the  pressure  of  the  gas  upon  the  water 
in  the  purifier.  The  tube  h  is 
closed  at  top  with  a  screw  cap, 
which  can  be  taken  ofi'  at  plea- 
sure, to  permit  the  interior  to  be 
cleansed. 

Both  by  the  overflow  from  the 
receiver  pipe  b,  and  by  subse- 
quent condensation  in  the  tube  d, 
tar  and  ammoniacal  liquor  collect 
progressively  in  the  cistern  or  pit 
under  c,  by  which  mingled  liquids 
the  lower  orifice  of  the  vertical 
tube  f  is  closed,  so  that  the  gas 
cannot  escape  into  the  empty 
space  of  this  cistern.  These 
liquids  flow  over  the  edges  of  the 
inner  vessel  when  it  is  full,  and 
may,  from  time  to  time,  be  drawn 
off  by  the  stopcock  at  the  bottom 
of  the  cistern. 

Though  the  gas  has,  in  its  pro- 
gress hitherto,  deposited  a  good 
deal  of  its  tarry  and  ammoniacal 
vapours,  yet,  in  consequence  of 
its  high  temperature,  it  still  re- 
tains a  considerable  portion  of 
them,  which  must  be  immediate- 
ly abstracted,  otherwise  the  tar 
would  pollute  the  lime  in  the  ves- 
sel E,  and  interfere  with  its  puri- 
fication.  On  this  account  the  gas 
should,,  at  this  period  of  the  pro- 
cess, be  cooled  as  much  as  pos- 
sible, in  order  to  condense  these 
vapours,  and  to  favour  the  action 
of  the  lime  in  the  purifier  E.upon 
the  sulphuretted  hydrogen,  which 
is  more  energetic  the  lower  the 
temperature  of  the  gas.  The  coal- 
gas  passes,  therefore,  from  the 
tube /into  the  tube  k  of  the  con- 
denser D,  which  is  placed  in  an 
iron  chesty,  filled  with  water,  and 
it  deposits  more  tar  and  ammo- 
niacal liquor  in  the  under  part  of 
the  cistern  at  t,  t.    When  these 
liquids  have  risen  to  a  certain 
level,  they  overflow  into  the  tar- 
pit,  as  shown  in  the  figure,  to  be 
drawn  off  by  the  stopcock,  as 
occasion  may  require. 

The  refrigerated  gas  is  now 
conducted  into  the  purifier  e, 
which  we  will  suppose  to  be  filled 
with  milk  of  lime,  made  by  mix- 


ing  1  part  of  slaked  lime  with  ^5  nart-s  of  wo+o^  rn, 
depresses  the  water  in  the  wide'ov^fnJiL     ft  S^''  P'Pe  h 

the  under  part  of  that  cylinder  am  "kl^  ^T?^  "^^'^^^^'^^  disc  in 

tributed  throughoutthe  h'me  lim?id  in  through  mnumerahle  small  holes  is  dis- 

extended  surface,  the  gas  Ts  c  rin^Pd  J  "f  ^^Tl  '"^  ^''^  0°  this 

which  are  condensed^nto  the '  ^ Shll  J"^^,''"''"''^ '^^'^'""^^  ^"'^ 
enters  the  gasholder  p  i i^f  mirS  t?-,te  t?!    "'I  ""l^  c^vhor^^i^  of  lime;  it  now 
space  q.    The  gasholder  pressing-  wtlf    '     I'T^l       P'P*^  P     ''^^  occupies  the 
weight     expels  it  throuf4  tK  '  „  „  Tn     "^^'^'^"^^.^  over  the  counter- 

tribution  through  the  buiidSngforXt:  I  Z  11^7"°  ^'^^  ^"^^ 
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Such  are  the  chief  and  essential  parts  of  the  apparatus  used  in  every  gas  work  for 
the  generation,  refrigeration,  purification,  and  storag%of  coal-gas.  The  construction 
and  mode  of  working  tliese  separate  portions  of  the  apparatus  vary  much,  however, 
in  diiferent  works,  and  it  will  therefore  be  necessary  here  to  enter  more  minutely  into 
the  details  of  the  four  departments  of  the  manufacture  just  enumerated. 

I.  Apparatus  used  in  the  Geneeation  of  Coal-Gas. 

Retorts. — The  use  of  this  portion  of  the  apparatus  is  to  expose  the  coal  to  a  high 
temperature,  to  exclude  atmospheric  air,  and  to  deliver  the  gaseous  and  vaporous  pro- 
ducts of  distillation  into  the  refrigeratory  portion  of  the  apparatus.  The  materials 
composing  the  retorts  should  therefore  possess  the  following  properties: — 1st,  high 
conducting  power  for  heat;  2nd,  rigidity  and  indestructibility  at  a  high  temperature; 
and  3rd,  impermeability  to  gaseous  matter.  The  materials  hitherto  used  in  the  con- 
struction of  retorts  are  cast-iron,  wrought-iron,  and  earthenware  ;  but  none  of  these 
materials  possess  the  above  qualifications  in  the  high  degree  that  could  be  wished. 
Tims  cast-iron,  though  a  good  conductor  of  heat,  is  not  perfectly  rigid  and  inde- 
structible. At  high  temperatures  it  becomes  slightly  viscous,  and  at  the  same  time 
undergoes  rapid  oxidation.  Wrought-iron  is  a  still  better  conductor  of  heat,  but  its 
qualities  of  indestructibility  and  rigidity  are  even  lower  than  those  of  cast-iron ; 
whilst  earthenware,  though  rigid,  and  indestructible  by  oxidation,  is  a  very  bad 
conductor  of  heat,  and  is  moreover  very  liable  to  crack  from  changes  of  tempera- 
ture. Very  various  forms  of  retort  have  been  employed  at  different  times  in  order  to 
secure  as  far  as  possible,  the  conditions  just  enumerated. 

Cast-iron  retorts. — The  chief  forms  of  the  cast-iron  retorts  are:  First,  the  cylindrical, 

500  501 


498 
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fig.  498,  used  in  the  Manchester  Gas  Works,  12  inches  diameter,  and  6  to  9  feet 
'long  ;  Second,  the  elliptical,  18  inches  by  12  inches,  by  6  to  9  feet,  fig.  499  ;  Third, 
the  ear  shape,  fig.  500,  now  little  used,  2  feet  by  9  inches,  and  of  the  same  length 
as  before  ;  Fourth,  the  D-shaped  ratovi,  fig.  501,20  inches  wide  and  14  inches  high. 
This  form  of  retort  is  at  present  far  more  extensively  used  than  any  of  the 
others. 

,  Fig.  502  shows  a  bed  of  5  D-shaped 

iron  retorts.  The  length  is  7^  feet,  and 
the  transverse  area,  from  one  foot  to  a 
foot  and  a  half  square.  The  arrows  show 
the  direction  of  the  flame  and  draught. 


The  charge  of  coals  is  most  conveniently  introduced  m  a  tray  of  sheet-iron  made 
somewhat  Hke  a  grocers  scoop,  adapted  to  the  size  of  the  retort,  w-hich  is  pushed  home 
tHts  fi' er  end,  inverted  so  as^o  turn  out  the  contents,  and  then  immediately 

AllTese  retorts  are  set  horizontally  in  the  fnrnace.  and  they  have  a  fonch  cast  upon 
theii  open  end  to  which  a  mouthpiece,  A  A,  y/^.  503,  can  be  securely  bolted  fi  e 
mouthpiece  is  iiVovided  with  a  socket,  13,  for  the  reception  of  the  stanJp,pc,  and  also 
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with  an  arrangement  by  which  a  lid,  c  c,  can  be  screwed  gas-tight  upon  the  front  of 
the  mouthpiece  as  soon  as  the  charge  of  coal  has  been  introduced.  By  applying  a 
luting  of  lime  mortar  to  that  part  of  the  lid  which  comes  into  contact  with  the  mouth- 
piece, a  perfectly  tight  joint  is  obtained. 

Sometimes  iron  retorts  are  made  of  double  the  above  length,  passing  completely 
through  the  furnace,  and  being  furnished  with  a  lid  and  staudpipe  at  each  end. 
Such  is  the  construction  of  Mr.  Croll's  and  of  Lowe's  reciprocating  retorts.  These 
retorts  are  charged  from  each  end  alternately,  and  there  is  an  arrangement  of  valves 
by  means  of  which  the  gas  evolved  from  the  coal  recently  introduced  is  made  to  pass 
over  the  incandescent  coke  of  the  previous  charge,  at  the  opposite  end  of  the  retort. 
It  is  highly  probable  that  some  advantage  is  derived  from  this  arrangement  during 
the  very  early  stage  of  the  distillation  of  the  fresh  coal ;  but  on  the  whole,  for  reasons 
stated  above,  the  principle  is  undoubtely  bad,  for  although  it  enables  the  manufacturer 
to  produce  a  larger  volume  of  gas,  the  quality  is  so  much  inferior  as  to  reduce  the 
total  illimiinating  effect  obtainable  from  a  given  weight  of  coal. 

Wrought-iron  retorts.  —  Mr.  King,  the  eminent  engineer  of  the  Liverpool  Gas 
Works,  has  for  many  years  successfully  used  retorts  of  wrought-iron.  They  are 
made  of  thick  boiler  plates,  riveted  together,  and  are  of  the  D  shape,  5i  feet  wide,  6 
feet  long,  and  18  inches  high  at  the  crown  of  the  arch.  About  1  ton  of  coal  can  be 
worked  off  in  these  retorts  in  24  hours.  Occasionally  the  bottoms  are  of  cast-iron, 
which  materially  prevents  the  great  amount  of  warping  to  which  wrought-iron  is 
subject  when  exposed  to  high  temperatures. 

Earthenware,  or  clay  retorts.  —  These  are  usually  of  the  D  shape,  although  they 
are  occasionally  made  circular  or  elliptical.  Their  dimensions  are  about  the  same  as 
those  of  the  cast  iron  retorts  commonly  used,  but  their  walls  are  necessarily  thicker, 
varying  from  2J  to  4  inches  in  thickness  ;  this,  added  to  the  circumstance  that  clay 
is  a  very  bad  conductor  of  heat,  undoubtedly  causes  the  expenditure  of  a  larger 
amount  of  fuel  in  heating  these  retorts ;  nevertheless,  this  disadvantage  is,  perhaps, 
less  than  might  be  supposed,  since  iron  retorts  soon  become  coated  outside  with  a 
thick  layer  of  oxide  of  iron,  which  also  greatly  hinders  the  free  communication  of 
heat  to  the  iron  beneath.  Moreover,  the  lower  price  and  much  greater  durability  of 
clay  retorts,  are  causing  their  almost  universal  adoption  in  gas  works,  especially  since 
the  removal  of  pressure  by  exhausters  greatly  reduces  the  amount  of  leakage  to 
which  clay  retorts  are  liable. 

The  following  is  an  extract  relating  to  clay  retorts,  from  the  "  Keports  of  Juries  " 
of  the  great  Exhibition  of  1851  : 

"  The  use  of  fire-clay  is  not  of  very  ancient  date,  and  has  greatly  increased  within 
the  last  few  years.  It  is  found  in  England  almost  exclusively  in  the  coal  measures, 
and  from  different  districts  the  quality  is  found  to  differ  considerably.  The  so-called 
"Stourbridge  clay,"  is  the  best  known,  and  will  be  alluded  to  presently;  but  other 
kinds  are  almost,  if  not  quite,  as  well  adapted  for  the  higher  purposes  of  manufacture 
bemg  equally  free  from  alkaline  earths  and  iron,  the  presence  of  which  renders  the 
c  ay  fusible  when  the  heat  is  intense.  The  proportions  of  silica  and  alumina  in  these 
clays  vary  considerably,  the  former  amounting  sometimes  to  little  more  than  50  per 
cent.,  whi  e  in  others  it  reaches  beyond  70,  the  miscellaneous  ingredients  ranginc  from 
less  than  |  to  upwards  of  7  per  cent.  6  b  ^lum 

"  The  works  of  Messrs.  Cowen  and  Co.  are  among  the  most  extensive  in  England 
and  they  obtain  their  raw  material  from  no  less  than  nine  different  seams,  admitting 
of  great  and  useful  mixture  of  clay  for  various  purposes.  ^ 
"  After_  being  removed  from  the  mine,  the  clay  is  tempered  by  exposure  to  the 
weather,  m  some  cases  for  years,  and  is  then  prepared  with  extreine  care.  The 
objects  chiefly  made  are  fire-bricks  and  gas  retorts;  the  latter  being  now  much  used 
and  preferred  to  iron  for  durability.  ' 
*^1T^^'^  retorts  were  first  made  by  the  present  exhibitors  in  ten  pieces  (this  being 
To  Tl  ITl'  ^SO).  and  since  then  the  nimiber  of  pieces  has  been  reduced  successivelf 
'  ^^^^'.^"'i  two  pieces,  till  in  1844  they  were  enabled  to  patent  a  process  for 
making  them  m  one  piece,  and  at  the  present  time  they  are  thus  manufactured  of 
"l""      ^°  3  feet  wide  in  the  inside,  which  is  hdweyer 

more  than  double  the  size  of  the  largest  exhibited  by  them.  '  ^"^^^^""^ 

1,.=  retorts  of  very  fair  quality  are  shown  by  Mr.  Ramsay  of  Newcastle  whn 
has  also  succeeded  extremely  well  in  the  manufacture  of  fire-LickrThe  r'etoru 
show  a  httle  more  iron  than  is  desirable,  but  the  exhibitor  has  been  considered  worthv 

Hickman"  M  T^'Tk.  ^TT  °'  '^f  ^ '^'/^^^'^  -VV^^r...e  are  exSed  by  MeSs"^ 
uicKman  and  Co.  of  Stourbridge,  and  Mr.  A.  Potter  of  Npwpnctio    ti  •'"^-^ts. 

both  these  retorts  is  cracked  ani  undulati;g    Wh  n  we  consider  the  htir. 
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recognised,  and  the  apparently  sliglit  defects  of  some  of  those  sent  for  exhihition 
require  to  be  noticed  as  of  real  importance. 

"  Next  to  England,  the  finest  specimens  of  fire-clav  goods  on  a  large  scale  are  from 
Belgium  :  the  gas  retort  sent  fi-om  France  is  not  remarkable  for  excellence  " 

Fig.  504  is  an  elevation  of  Mr.  Wright's  plan  for  a  range  of  long  cby  retorts 
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Fiq.  505  shows  the  plans  and  sections  of  the  setting  for  these  retorts. 

Retorts,  or  rather  ovens,  of  fire-brick,  the  invention  of  Mr.  Spinney,  have  been  long 
used  successfully  at  Exeter,  Cheltenham,  and  other  places.  They  appear  to  be  very 
durable,  and  to  require  little  outlay  for  repairs,  but  a  very  large  expenditure  of  fuel  is 
required  for  heating  them.  They  are  of  the  D  shape,  7  feet  long,  3  feet  2  inches 
wide,  and  14  inches  high  at  the  crown  of  the  arch.  Each  retort  receives  a  charge  of 
5  or  6  cwt.  of  Newcastle  or  Welsh  coal  every  12  hours,  and  produces  gas  at  t  ie 
rate  of  9000  cubic  feet  per  ton  of  Welsh,  and  10,000  to  12,000  per  ton  of  Newcastle 

''°%gg^srevolvingwehrctort.—'T\xiSvotox\.,\h^  invention  of  Mr.  Clegg,sen.,  mfkesthe 

nearest  approach  to  a  truly  philosophical  apparatus  for  the  generation  f 

coal  is  exposed  to  a  sudden  and  uniform  heat,  in  a  thin  stratum,  by  which  means  tUe 
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gases  are  liberated  at  once,  and  under  the  conditions  most  favourable  for  the  pro- 
duction of  a  maximum  amount  of  illuminating  constituents.  Very  little  tar  is  pro- 
duced from  this  retort. 

505 


506  represents  a  section  of  this  retort,  which  is  of  the  d  shanp  -^hh  <, 

the  retort  i,  he.t.di  „  "thT'xft  ri™  fo r  t£  ikf  i«      "    f  ■ 
by  .„  airtight  door,'  or  i,  madflj  SJ  imo  wtef  '  " 
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All  the  coal  mast  be  recluced  to  fragments  about  the  size  of  coffee  berries,  anj  a 
24  hours'  charge  must  be  placed  at  once  in  the  hopper,  and  secured  by  a  luted  cover. 
The  discharging  disc  has  (i  spurs,  and  is  made  to  revolve  uniformly  with  the  druni 
below  it  at  the  rate  of  4  revolutions  per  hour.    The  *iameter  of  the  hexagonal  drums 
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is  so  regulated,  that  the  coal,  which  falls  upon  the  web  from  the  discharging  disc,  will 
at  one  revolution  have  passed  the  entire  length  of  the  retort.  The  passage  through 
the  retort  occupies  15  minutes,  which  is  quite  sufficient  to  expel  the  whole  of  the  gas 
from  the  coal.  In  each  revolution  of  the  disc  and  drum  745  cubic  inches  of  coal  (or 
21  lbs.)  are  distributed  over  a  heated  surface  of  2016  square  inches.  18  cwt.  of  coal 
is  carbonised  in  one  of  these  retorts  in  24  hours,  and  the  production  of  gas  is  equal 
to  12,000  cubic  feet  per  ton  of  Newcastle  coal.  The  quality  of  the  gas  is  also  consider- 
ably superior  to  that  obtained  from  the  same  coal  in  the  ordinary  retorts. 

Although  the  first  cost  of  these  retorts  and  accompanying  machinery  is  considerably 
greater  than  that  of  the  retorts  in  ordinary  use,  yet  the  destructible  parts  can  be  re- 
placed at  about  the  same  cost  as  that  required  to  replace  the  latter.  The  coke  pro- 
duced is  greater  in  quantity,  but  inferior  in  quality,  owing  to  its  more  minute  state  of 
division.  The  minor  advantages  attendant  upon  this  form  are,  that  it  occupies 
less   space,  requires   much  less  manual  labour,   and  enables  the  retort-house 

to  be  kept  perfectly  clean,  whole- 
some, and  free  from  suffocating  va- 
pour. If  the  principle  of  this  plan 
could  be  combined  with  less  compli- 
cation of  details,  it  would  no  doubt 
come  into  extensive  use. 

II.    The  Refbiceratory  Appa- 
ratus. 

From  the  moment  that  the  gas 
leaves  the  retorts  it  is  subjected  to 
cooling  influenceswhich  graduallyre- 
duce  its  temperature,  until  on  leaving 
the  so-called  condenser  its  tempera- 
ture ought  to  be  only  a  few  degrees 
higher  than  thatof  the'atmosphere,ex- 
cept  in  winter,  when  it  is  advisable  to 
maintain  a  heat,  relatively  to  the  ex- 
ternal air,  greater  than  in  summer. 
The  gas  leaves  the  retort  by  the 
slundpipes,  a  a  K,fig.  507,  which  are 
of  cast-iron,  5  inches  in  diameter  at 
their  lower  extremity,  and  slightly 
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tapering  upwards.   Some  of  the  least  volatile  products  of  decomposition  condense  in 
these  pipes,  but  their  proximity  to  the  furnaces,  and  the  constant  rush  of  heated  gas 
and  vapour  through  them  prevent  more  than  a  very  slight  amount  of  refrigeration. 
They  conduct  to  the  hydraulic  main,  which  is  shown  at  B,fig.  507.    It  consists  of  a 
cylinder  running  the  entire  length  of  the  retort  house,  and  fixed  at  a  sufficient 
height  above  the  mouths  of  the  retorts  to  protect  it  from  the  flame  issuing  from  the 
latter  during  the  times  of  charging  and  drawing.    The  diameter  varies  from  12  to 
18  inches,  and  the  recurved  extremities  of  the  standpipes  (the  clippipes)  c  c  c  c,  pass 
through  it  by  gas-tight  joints,  and  dip,  to  the  extent  of  3  or  4  inches,  into  the  con- 
densed liquids  contained  in  the  hydraulic  main.    The  use  of  this  portion  of  the  appa- 
ratus is  to  cut  off  the  communication  in  the  reverse  direction  between  the  gas  beyond 
the  standpipes  and  the  retorts,  so  as  to  prevent  the  former  rushing  back  down  the 
standpipe  durmg  the  time  that  the  lid  of  the  retort  is  removed.    Being  maintained 
half  full  of  tar  it  effectually  seals  the  lower  ends  of  the  dip-pipes,  and  prevents  any 
return  of  gas  towards  the  retorts.    The  condensed  products,  consisting  chiefly  of  tar. 
make  their  exit  from  the  hydraulic  main  by  the  pipe  d,  which  leads  them  to  the  tar 
well,    l-rom  the  hydraulic  main  the  gas  passes  to  the  condenser,  the  office  of  which 
as  Its  name  unplies,  is  to  effect  the  condensation  of  all  those  vapours  which  could  not 
be  retained  by  the  gas  at  the  ordinary  atmospheric  temperature.    The  condenser  has 
received  a  variety  of  forms,  but  the  one  which  appears  to  unite  in  the  highest  degree 
simplicity  and  efficiency,  is  the  invention  of  Mr.  Wright,  of  the  Western  and  Great 
Central  Gas  Companies.    Its  construction  is  shown  in  j^^.  508.  a  a  a  a,  are  5  double 


below,  a  current  of  a Kt  n  motioi  hv  tl  •  '  T'^"^^^^^^^^ 

t^hus  securing  both  an  iiteiUund  xLn^^^  wa  s,  rushes  through  them, 

by  a  reference  to  the  figure  tC  the  heln  J  also  seen 

taking  an  opposite  direcrn  tfttt  pu,  sued  b^^^^^^^  '^'T'  .^^''"'^^'•^      the  top. 

air,  and  thus  securing  the  most  perfec   Siee™  t^^^  TT^  """^  ^^^"<^"t«  °f 

in  proximity  to  air  of  increasin/coldness  f  constantly 

a  tar  receptacle,  c,  for  the  co  lection  of  the  eonr f  ^^'""'''^'^'^  ^°"om  with 
the  tar  well  by  a  pipe  not  shown  n  the  figure    ^r  de^^H^'?'  "'^"'^       ^""'^'^  '° 

It  —  a  sire  SaS^^ft t^ti  ^ 
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its  bottom  pierced  with  a  row  of  holes,  to  receive  a  series  of  tubes.  To  these  holes 
the  upriglU  four-inch  tubes  h  h  arc  secured  by  flanges  and  screws,  and  they  are  con- 
nected in  pairs  at  top  by  the  curved  or  saddle  tutjes.  The  said  bottom  forms  the 
cover  of  the  chest  t  t,  which  is  divided  by  vertical  iron  partitions,  into  half  as  many 
compartments  as  there  are  tubes. 

These  partition  plates  are  left  open  at  bottom,  so  as  to  place  the  liquids  of  each  com- 
partment in  communication.  Thereby  the  gas  passes  up  and  down  the  series  of  tubes, 
in  proceeding  from  one  compartment  to  another.  The  condensed  liquids  descend  into 
the  box  t  t,  and  flow  over  into  the  tar  cistern,  when  they  rise  above  the  level  1 1.  The 
tar  may  be  drawn  off  from  time  to  time  by  the  stopcocli.  Through  the  tube  k  cold 
water  flows  into  the  condenser  chest,  and  the  warm  water  passes  away  by  a  pipe  at  its 
upper  edge.  .  .  , 

The  extent  of  surface  which  the  gas  requires  for  its  refrigeration  before  it  is  ad- 
mitted into  the  washing-lime  apparatus,  depends  upon  the  temperature  of  the  milk  of 
lime,  and  the  quantity  of  gas  generated  in  a  certain  time. 

It  may  be  assumed  as  a  determination  sufficiently  exact,  that  10  square  feet  of 
surface  of  the  condenser  can  cool  a  cubic  foot  of  gas  per  minute  to  the  temperature 
of  the  cooling  water.  For  example,  suppose  a  furnace  or  arch,  with  5  retorts  of  150 
pounds  of  coale  ach,  to  produce  in  5  hours  3000  cubic  feet  of  gas,  or  10  cubic  feet 
per  minute,  there  would  be  required,  for  the  cooling  surface  of  the  condenser,  100 
square  feet  =10  x  10.  Suppose  100,000  cubic  feet  of  gas  to  be  produced  in  24:  hours, 
for  which  8  or  9  such  arches  must  be  employed,  the  condensing  surface  must  contain 
from  800  to  900  square  feet.  _       ,  .  ^    .         x.    ■  ^ 

After  the  action  of  the  condenser,  the  gas  still  retains,  chiefly  m  mechanical  sus- 
pension, a  certain  quantity  of  tarry  matter,  besides  a  slight  percentage  of  ammonia. 
To  free  it  from  these,  it  is  passed  through  a  scrubber  d  {fig.  508),  which  consists  of  a 
tall  cylinder  fiUed  with  bricks,  paving  stones,  or  coke,  and  haymg  an  arrangement  bv 
which  a  stream  of  water  can  be  admitted  at  top  and  removed  at  bottom  The  chiet 
use  of  the  water  is  to  remove  ammonia  from  the  gas,  but  as  it  also  dissolves  some  of 
the  luminlferous  hydrocarbons  its  use  is  objected  to  by  Mr.  Wright,  and  dry 
scrubbers  are  now  used  at  the  Western  Gas  Works.  It  is  also  considered  by  the  same 
gentleman,  that  the  detention  of  a  certain  percentage  of  ammonia  by  the  gas  is 
rather  an  advantage  than  otherwise,  as  it  serves  in  part  to  neutralise  the  sulphurous 
acid  Xch  is  inevitably  produced  by  the  combustion  even  of  the  best  gf.  It  must 
however,  be  borne  in  mind,  that  the  presence  of  ammoma  m  gas  gives  rise  to  the 
formation  of  nitric  acid  during  its  combustion.  .„,,., 

™fc  S<°..»'.  -  The  pass.|e  of  .he  g..  throhgli  the  liquid  of  the  hjdrsuhe  n.am, 
«nd  L"er  portions  of  .pp.ratra  bet.eeo  the  retorts  md  gt-holder,  e™ses  •  tery 
5  rSe  moont  of  pressure     be  thro..  b»YP»f  J  'Zti^^S'llZ^t 

Si  well  .rr  Jged  wits,  b,  the  »e  ?l -^'^f^^^^^^Zly  Z  tec'rS  tot  of  S! 

S:T£e!Sr;^erfS^^^^ 

?:.:.tT,i:^f!xs/L£»l^ 

r.2eT,srdffl»i"^^^^^^ 

end  is  fitted  with  a  stuffing  box,  through  y'^'^^';  P'thfsMi     pistons  b  b  are 

the  driving  power.  Upon  motion  bemg  Ri^^^^^.^^^^^^^^^^^Sir  end^  cyUndrical 
carried  with  it.  These  shdmg  P^'^^f^^^^J-^^X/eJ  in  the  guide  blocks  c  c,  which 
pins  which  project  and  fit  1°^°  j'i^J"'^,^.,^ ^^^^^^  slides  in  contact  with  the 

fit  into  annular  recesses  d  in  the  end  plates,  ^na  Keep  i  ^^j^ 

cylinder.    The  slides  are  fitted  with  "^.^^f P^i'^/.^^/^eS^^^  the  other 

cLinuing  to  revolve,  as  one  slide  re^^^^^^  the 

III.  Appauatus  used  in  the  PnBiFicATioN  OF  Coal-Gas. 
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agitator  passes,  which  is  turned  by  -wheel  and  pinion  work,  in  order  to  stir  up  the  lime 
from  the  bottom  of  the  water  in  the  purifier.  The  vessel  o,  serves  for  introduciuff 
fresh  milk  of  lime,  as  also  for  letting  it  off  by  a  stopcock  when  it  has  become  too  foul 
for  further  use. 


609 


aJtS'a^cid'ctliS^^ 

in  one  operation  :  or  for  i  ys  cuhh^  fZ  L  *  °f  g«s  Passing  through  it 

machine,  this  should  be  able  to  pontnm   "''^'^^     , , .  „  . 

.    ^.  ''°^'"'^^*°°°°'am-pj^  =114  cubic  feet  of  milk  of  lime;  whence 

-^^Sli^l^^dJ^l^i^^  Ifthecapacityof 

below  its  cover,  enters  into  the  Spefnar^^/th     '"'^^T'  ^^^"'^  somewhat 

should  the  milk  of  lime  in  the  ?Wrd  inH  ^  "^''^  consequently, 
level,  it  will  flow  ove^^in  to  the  second  atl^^f''""-*  T''^  '''^  ordinary 
from  which  it  is  let  off  by  thredmion  'nin.     aTI      ^H'^"""  tl^e  first; 

denser  into  the  first  vessef;  another  tuHp;  t>,  i°t™duces  the  gas  from  the  con! 
and  the  tube  of  the  third  S  conduct  L  .^^ 

vessel,  milk  of  lime  is  consSy  °       t^  the  gasometer.    Into  the  third 

By  this  arrangement,  the  gas  pa  Lrtfrou  ^      V^"'?  "P"'^  ^  ^'S^^^'  J^vel. 

IS  purified,  comes  progressiveljimo  contaot^^^^  several  vessels  in  proportion  as  it 
fication  becomes  m^ore  coZete  Tl^-^'pflT.^^  Purer  m.lk  of  lime,  whereby  its  puri- 
kept  in  continual  rotatio?  T^e  pressf  f  °^ 

naturally  three  times  as  great  as  ^rrsTngllJSfifrXk^^^  - 

3  c  2 
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Fig.  496  (p.  747)  is  a  simple  form  of  purifier,  -which  has  been  found  to  answer  -well 
in  practice.  Through  the  cover  of  the  vessel  a  b,  the  -wide  cylinder  e  d  is  inserted, 
having  its  lower  end  pierced  with  numerous  holes.  Concentric  with  that  cylinder  is  the 
narrower  one  sz,  bound  above  with  the  flange  o  6,  but  o^en  at  top  andbottom.  The  under 
edge  g  h  of  this  cylinder  descends  a  few  inches  below  the  end  cd  of  the  outer  one.  About 
the  middle  of  the  vessel  the  perforated  shelf  vi  n  is  placed.  The  shaft  of  the  agitator  /, 
passes  through  a  stufiing  box  upon  the  top  of  the  vessel.  The  gas  pipe  g,  proceeding 
from  the  condenser,  enters  through  the  flange  o  i  in  the  outer  cylinder,  while  the  gas- 
pipe  h  goes  from  the  cover  to  the  gasholder.  A  stopcock  upon  the  side,  whose  orifice 
of  discharge  is  somewhat  higher  than  the  under  edge  of  the  outer  cylinder,  serves  to 
draw  off  the  milk  of  lime.  As  the  gas  enters  through  the  pipe  g  into  the  space  between 
the  two  cylinders,  it  displaces  the  liquor  till  it  arrives  at  the  holes  in  the  under  edge  of 
the  outer  cylinder,  through  which,  as  well  as  under  the  edge,  it  flows,  and  then  passes 
up  through  the  apertures  of  the  shelf  m  n  into  the  milk  of  lime  chamber  ;  the  level  of 
which  is  shown  by  the  dotted  line.  The  stirrer,  I,  should  be  turned  by  wheel  work, 
though  it  is  here  shown  as  put  in  motion  by  a  winch  handle. 

In  order  to  judge  of  the  degree  of  purity  of  the  gas  after  its  transmission  through 
the  lime  machine,  a  slender  siphon  tube  provided  with  a  stopcock  may  have  the  one 
end  inserted  in  its  cover,  and  the  other  dipped  into  a  vessel  containing  a  solution  of 
acetate  of  lead.  "Whenever  the  solution  has  been  rendered  turbid  by  the  precipitation 
of  black  snlphuret  of  lead,  it  should  be  renewed.  The  saturated  and  fetid  milk  of  lime 
is  evaporated  in  oblong  cast-iron  troughs  placed  in  the  ashpit  of  the  furnaces,  and  the 
dried  lime  is  partly  employed  for  luting  the  apparatus,  and  partly  disposed  of  for  a 
mortaT  or  manure. 

Fig.  510  shows  elevations  and  sections  of  dry  lime  purifiers,  which  may  also  be 
used  for  other  forms  of  dry  purification,  a  is  the  longitudinal  elevation ;  b  ditto 
section ;  c  transverse  elevations ;  d  ditto  section. 
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Fias  511  and  512  represent  another  form  of  dry  purifier,  combmed  with  a  washer 
or  scmbber  lately  patented  by  Mr.  Lees  of  Manchester.  Fig.  511  is  an  elevation, 
fartlv  irsection  of  this  apparatus,  and  512  is  another  elevation,  also  partly  m 
^  !•  .  nf  thP  \ame  a  is  a  hopper,  into  which  the  dry  lime  is  fed  ;  6  is  a  damper 
Tlmn.  door  by%vh1ch  theTup^ly  of  lime  can  be  regulated ;  c  is  a  sheet  metal 
tube  coniining  thJ  worm  or  screwf  d  the  axis  of  which  is  supported  at  one  end  by 

he  s'tuSg  box  e  and  at  the  other  end  by  the  bearing/.  A  slow  revolving  motion 
is  liven  to^the  worm  d  from  the  driving  shaft  g,  by  means  of  the  bevel  wheels  h,  up- 
right shaft  i  worm  /,  and  worm  wheel  k,  fixed  on  the  axis  of  the  worm. 

^The  lfme  in  the  hopper  a.  is  kept  in  motion  by  the  screw  n,  which  slowly 
rou?d\rt^eworm£Lw^^^^^^^^^^ 

; :  7Z  ir  sS:  X^uinrd  with  cross  v^^ii^fx^zs^s^^ 

dually  moved  from  the  hopper  to  the  other  end  of  the  tube  c  ^>  ^l^^r^^ 

the  chamber  r,  keeping  the  level  indicated  hy  j  b.    z  are  two  padaics,  n.  i 
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circular  perforated  plates,  which  are  set  to  an  augle,  and  secured  to  the  shaft  m'  and 
are  revolved  speedily  by  the  strap  and  pulleys  x.    These  agitators  serve  to  increase 


611 


—-J-,     (.—-1-,  _ — i,,   \  ,  h6n 


512 


the^^eT^  th?cSt  ,f  fr^ithl^erit''^^^      "      ^"^^^^  ^«  ^^-^"^^  through 

enters  the  tube  c,  along  which  it  passes  in  the 
direction  shown  by  the  arrows,  whence  ft  m  Jht 
convej^ed  through  the  pipe     to  tSrg^sle^e^ 

tube  I,  containing  the  agitators  m  which  are  caused 
o  revolve  speedily  by  the  motion  Sven  by  h2 

wWc'h^s  .'P''''P""^^f  ^'^^^  thewUbg  L?d 
which  IS  passing  regularly  through  the  siphon  "/ 
and  running  into  the  chamber    and  along  tSe  tube 

motion  round  the  tube  /,  brtttoTaddle^fpt^^i 
he  shaft  ^rS-^P^'^^-ated  plates,  secured'^upon 
tne  siiatt  vi,  which  are  set  to  an  ancle  therphv 

t27^-vn'/°"°-"-r''°"         l^ft  to  rig'h  of  tS 

3  c  3 
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absorb  a  much  greater  proportion  of  tho  impurities  contained  in  the  gas  than  is 
effected  by  the  dry  lime  purifiers  usually  employed,  in  which  the  lime  is  supported 
on  stationary  trays.  The  lime  dropping  into  the  tube  c  from  the  hopper  a,  is  worked 
gradually  towards  the  chamber  i,  into  which  it  drops.  The  speed  of  the  screw  or 
worm  d  the  number  of  threads  upon  it,  the  length  and  diameter  thereof  must  be 
made  to  suit  the  quantity  of  gas  to  be  purified  per  hour.  The  lime  which  drops  into 
the  chamber  t,  may  be  removed  therefrom  through  the  manhole  w.  Mr.  Lees  states 
that  a  considerable  saving  is  effected  in  the  lime,  owing  to  each  particle  or  atom  being 
kept  in  motion,  and  falling  repeatedly  through  the  gas  in  its  passage  from  one  end  of 
the  tube  to  the  other,  and  that  there  is  also  a  great  saving  in  labour. 

Another  form  of  wet  purifier,  which  might  also  be  advantageously  used  as  a 


inclination  of  which  is  1 64=    Its  upper  and  smaller  end  is  .loined  to  a  f  ^  9 /  '^J^^^^^ 
placed  on  the  same  axis  as  V,  and  about  its  own  diameter  in  height.    At  top  it  s  ciosui 
by  a  ca=t-iron  plate  k,  through  which  the  axle  c  passes  :  the  latter  commimicates  a  ro- 
Zy  motion  to  the  cylinder  and  cone  a  and  a'.    It  is  inclined  8°  from  the. perpendicular 
and  rests  upon  the  steel  point  of  the  centre  pin  b',  whilst  at  top  it  cai-nes  a  puUey  b 
which  a  circular  motion  is  communicated  to  it.    a  a  are  a  series  of  ^^t^^  ^.^^^^J^^ 
stand  verticaUy  to  the  inner  surface  of  the  cone  a',  with  spaces  of  abou^one  incli 
SweJn  ther  The  discs  are  arranged  concentrically  and  have  spaces  cor^^^^^^^^^^ 
ino-  to  the  auantitv  of  cas  wh  ch  has  to  pass  through  them.    They  are  trom  5  to  / 
nches  long%st?e  axfe  c  andeylinder  A  are  not  vertical,  but  somewhat  inclme  J  one 
side  of  the  cone  a' will,  during  the  revolution,  be  in  a  nearly  horizontal  posit  on 
Whilst  tiie  opposite  side  will  be  immersed  in  t|je  liquid  to  the  e.t^nt  of  ^^^^ 
'I%e  whole  of  this  mechanism  is  enclosed  in  a  sheet-iron  lid  b.    Ihe  centi  e  pm  o  is 
attached  by  a  cross  bar  to  the  lower  edge  of  b,  whilst  the  axle  ^^^^'^'''-f^^l/; 
wM  E  is  alio  attached  to  b.    d' d'  is  a  water  joint  to- 
The  lid  B  thus  contains  the  whole  of  t^lie  washing  fpparatu  ,  and  ^l^f^'V^J'^,^ 
nnc;itinn  in  the  trou^^h  c  by  lateral  attachments,    d  is  the  inlet  pipe  openiuf,  inm 
S  e  cy  1  nder  A,  f^whil  it  his  to  make  its  way  through  the  discs  a  «jo  the  o«Uet  e. 
This  apparatus  gives  no  sensible  pressure,  and  requires  a  ^^ry  small  motive  power 

i^-^SU  iT^^^^^^       an  arrangement  of  four  of  the  dry  purifiers  shown  ^ufig.  510 
woSed  by  a  cen  ral  valve,  as  used  at  the  present  time  in  most  arge  gasworks  ;  it  .s 
Th^tveSoroTMr.  Mala'm,  and  is  described  in  Mr  Peck Ws  trea^^^^^    a,  b  c, 
are  the  four  purifiers  connected  with  the  central  valve  e  "i /"^n  a  way  ?^  ^"  1^ 
Tree  of  them  being  at  work  whilst  the  fourth  ,s  emptied  and  recha,  g  d  /J 
of  the  central  valve     is  a  eylind.:r  of  cast-  or  ' from 

3  to  4  feet  deep.    Its  floor  receives  the  open  ends  of  10  P'r*^^  ;  the 

the  condenser  or  exhauster  to  the  different  purifiers,  and  then  to  the  gasiioiacr.  , 
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ends  of  these  pipes  project  upwards  to  the  height  of  14  inches,  and  the  vessel  e  is 
filled  with  water  to  the  height  of  12  inches,  thus  leaving  the  orifice  of  the  pipes  2 
inches  above  the  water  level.    This  cylinder  has  a  cover  which  consists  of  a  smaller 
cylinder,  open  below  and  closed  above,  fitting  into  e,  so  as  to  form  a  water  lute.  Its 
interior  is  divided  into  5  chambers, 
as  shown  in  fig.  515,  and  when  the 
cover  is  so  far  lowered  into  e  as  to 
immerse  the  edges  of  these  cham- 
bers into  the  water,  they  each  con- 
nect together  a  pair  of  pipes  as 
shown  in  fig.  514,  at  e,  which  ex- 
hibits a  horizontal  section  through 
these  chambers.     The  chambered 
cover  being  placed  in  the  position 
shown  in  fig.  514,  the  gas  takes 
the  following  course :  it  enters  the 
chamber  a'  by  the  pipe  a  a,  passes 
through  the  pipe  marked  1  into  the 
bottom  of  the  purifier  c,  and  after 
traversing  the  layers  of  purifying 
material  in  c,  it  returns  to  cham- 
ber e  of  the  central  valve  by  the 
pipe  2  ;  thence  by  pipe  3,  it  enters 
the  purifier  d,  and  returns  to  cham- 
ber d  of  the  valve  by  pipe  No.  4, 
From  this  chamber  it  can  only 
make  its  exit  by  pipe  No.  5,  which 
conducts  it  into  b,  whence  it  re- 
turns to  chamber  b  by  pipe  No.  6, 
and  from  this  chamber  it  finally 
passes  to  the  gasholder  through  the 
exit  pipe  b  b.    Thus  the  purifier  a 
is  left  out  of  the  circuit  for  the 
purpose  of  re-charging  or  revivi- 
fication ;  but  when  the  material  in 

c  has  become  exhausted,  it  can  be   ^ 

soils' to  tS'  te'ch^^.b'  ,^''gJ>%.^^-i°g  the  cover  of  e,  and  turning  it  rouna 
ros"on?b7^d  ar.~:L  ^"^fS""^  *°  ^'s  former 

be  thrown  out  of  the  cSt    Thn,  1.   *t  ^'T'       r'^'""^  P"''^"'^'  ^^ilst  c  will 
four  purifiers  can  in  t^texSitl^S^^^^^^^^^ 

^,  ,   „  ^I'PARATUS  FOR  THE  STORAGE  OF  CoAL-GaS. 

^SlitfSt::]:T^l  fo-eeeiving  the  gas  when  it  is  purified,  and 

open  at  the  top  and  filled  ^ifh  w.?  ^t^T""^  P^''*'  '  1'  ^^^^er  cistern, 

Vhich  is  a  similar  cisfern  ilvertid  anJl  n?  «    '  °  V""/  "Pff  ^y'^d^"-  ^''^^^ 

p.  747).  The  best  form  of  tht  '  ^  •  ''f.^o^^ewhat  smaller  dimensions  (see  v,fig.  495 
equal  capacity  i  ^Zes  lea    l^l f"'  or  cyUndrical ,  both  becausVunde; 

it  own  weighior  accidents  ^•  '^^  of  metal,  and  it  is  least  liable  to  be  warped  by 
a  given  smSL  wl  ^n  ttf WhtTeauaf  tol^r'  ''•^^  ^'T''''  ''^P^"'^'  ^'^h 

feet  be  ,  the^mi^- tef  S  t^S^'^ltf^  ^ 

"  =  ^'  =  iTf^-  This  height  may  be  increased  by  one  or  two  feet,  according 
S^n  »t?i^^Ss?^^i:^  SXr-^'-^  ^--^     -^er  edge, 

sum^d^ra^t^^^n£?^tf  ?2ro' Jtss^b^  *°  "^'rr''^  ^« 

for  street  illumination,  and  if  tSr^L  ^torfri.?V''^"'.'''f '  '^^  10  hours 

feet  of  gas  w>ll  be  generated  in  6  hnnrf  tt  ^'^^  t  '°  ^4  hours,  30,000 

city  of  at  least  70,000  cubic  fJ  ^nnn   ■     T  ^'^^  S^'^°^^^^  should  have  a  cLa- 
produced  during  the  pllS  ^f LumEr^'f  the^'^r '^'"'^  ^"^''^ 
>'  must  be  supplied  from  a  greaternZb^ of  retnvu  i  g''''^°\der  has  a  smaller  capacity. 
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The  ■water  cistern  is  usually  constructed  in  this  country  with  cast-iron  plates  bolted 
together,  and  made  tight  with  rust  cement. 

In  cases  where  the  weight  of  water  required  to  fill  such  a  cistern  might  be  mcon- 
veuient  to  sustain,  it  may  be  made  in  the  form  represented  in  fig.  517  ;  which,  how- 
ever will  cost  nearly  twice  as  much.  Parallel  with  the  side  of  the  cistern,  a  second 
cylinder  c,  of  the  same  shape  but  somewhat  smaller,  is  fixed  in  an  inverted  position  to 
the  bottom  of  the  first,  so  as  to  leave  an  annular  space  b  b  between  them,  which  is 
filled  with  water,  and  in  which  the  floating  gasholder  a  plays  up  and  down.  The 
water  must  stand  above  the  cover  of  the  inverted  cylinder,  a  and  b  are  the  pipes  for 
leadin"-  the  gas  in  and  out.  Through  an  opening  in  the  masonry  upon  which  the  ap- 
paratus rests,  the  space  c  may  be  entered,  in  order  to  make  any  requisite  repairs. 

The  water  cistern  may  also  be  sunk  in  the  ground,  and  the  sides  made  tight  with 
hydraulic  mortar,  as  is  shown  in  fig.  51G,  and  to  make  it  answer  with  less  water  a 
concentric  cylindrical  mass  of  masonry  may  be  built  at  a  distance  of  2  or  3  inches 

within  it.  j  ^ 

Every  large  gasholder  must  be  strengthened  interiorly  with  cross  iron  rods,  to 
stiffen  both  its  top  and  bottom.  The  top  is  supported  by  rods  stretching  obliquely 
down  to  the  sides,  and  to  the  under  edge  an  iron  ring  is  attached,  consisting  of  curved 
cast-iron  bars  bolted  together  ;  with  which  the  oblique  rods  are  connected  by  perpen- 
dicular ones.  Other  vertical  rods  stretch  directly  from  the  top  to  the  bottom  edge. 
Upon  the  periphery  of  the  top,  at  the  end  of  the  rods,  several  rings  are  made  fast,  to 
which  the  gasholder  is  suspended,  by  means  of  a  common  cham  which  runs  over  a 
nuliey  at  the  centre.  Upon  the  other  end  of  the  chain  there  is  a  counterpoise,  which 
Jakes  off  the  greater  part  of  the  weight  of  the  gasholder,  leaving  only  so  much  as  is 
requisite  for  the  expulsion  of  the  gas.  The  inner  and  outer  surfaces  of  the  gasholder 
should  be  a  few  times  rubbed  over  with  hot  tar,  at  a  few  days  mterval  between  each 
aoDlication.    The  pulley  must  be  made  fast  to  a  strong  frame. 

^  If  the  water  cistern  be  formed  with  masonry,  the  suspension  of  the  gasholder  may 
be  made  in  the  following  way  :-a  A,  ./7<7-  516,  is  a  hollow  cylinder  of  cast-iron,  stand- 
ing up  thiough  the  middle  of  the  gasholder,  and  which  is  provided  at  either  end  with 
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upon  the  gas,  and  when  entirely  out  of  the  water,  it  exercises  the  greatest  pressure. 
In  order  to  counteract  this  inequality  of  pressui'e,  which,  where  no  governor  is  used, 
would  occasion  an  unequal  velocity  in  the  efflux  of  the  gas,  and  of  course  an  unequal 
intensity  of  light  in  its  flame,  the  weight  of  the  chain  upon  which  the  gasholder  hangs 
is  so  adjusted  as  to  he  equal,  throughout  the  length  of  its  motion,  to  one-half  of  the 
weight  which  the  gasholder  loses  by  immersion.  In  this  case,  the  weight  which  it 
loses  by  sinking  into  the  water  is  replaced  by  the  portion  of  the  chain  which,  passing 
the  pulley  and  hanging  over,  halances  so  much  of  the  chain  upon  the  side  of  the  coun- 
terweight; and  the  weight  which  it  gains  by  rising  out  of  the  water  is  counterpoised  by 
the  links  of  the  chain  which,  passing  over  the  pulley,  add  to  the  amount  of  the  counter- 
weight. The  pressure  which  the  gasholder  exercises  upon  the  gas,  or  that  with  which 
it  forces  it  through  the  first  main  pipe,  is  usually  so  regulated  as  to  sustain  a  column 
of  from  one  to  two  inches  of  water,  so  that  the  water  will  stand  in  the  cistern  from 
one  to  two  inches  higher  within  than  without  the  gasholder.  The  following  compu- 
tation will  pluce  these  particulars  in  a  clear  light: — 

Let  the  semi-diameter  of  the  gasholder,  equal  to  the  vertical  extent  of  its  motion 
mto  and  out  of  the  water,  =  a:;  let  the  weight  of  a  foot  square  of  the  side  of  the  gas- 
holder, includmg  that  of  the  strengthening  bars  and  ring,  wMch  remain  plunged 
under  the  water,  be  =p;  then 

1.  the  weight  of  the  gasholder  in  its  highest  position  =  3pirx'; 

2.  the  weight  of  the  sides  of  the  gasholder  which  play  in  the  water  =  2px'  ; 

3.  the  cubical  contents  of  the  immersed  portion  of  the  gasholder  =  ^ZZLf!  • 

400  ' 

4.  its  loss  of  weight  in  water  =  li?n  iro.-"; 

400 ' 

5.  the  weight  of  the  gasholder  in  its  lowest  position  = 

6.  the  weight  of  n  inches  height  of  water  =^mrx'; 

7.  the  amount  of  the  counterweight  =  tt  x')  3  p  —  ■ 

^      12  j' 

8.  the  weight  of  the  chain  for  the  length  x^^Upwx 

°  800 

If  we  reduce  the  weight  of  the  gasholder,  in  its  highest  and  lowest  positions  to 
he  height  of  a  stratum  of  water  equal  to  the  surface  of  its  top,  this  height  s  that  of 
the  CO  umn  of  water  which  would  press  the  gas  within  the  gasometer,  were  no  counter- 
weight employed ;  it  consists  as  follows :—  tountei 

9.  for  the  highest  position  =  ^-E ; 

56 

10.  for  the  lowest  =  ^:11p. 

50  ' 

For  the  case  when  the  height  of  the  gasholder  is  different  from  its  semi-diameter 
let  this  height  =  m  x;  then  the  height  of  the  water  level  is  diameter, 

11.  for  the  highest  position  =p  (~^^  ; 

12.  for  the  lowest  =  p  ^'  +  1-72  _ 

13.  the  counterweight =ir . (1  +27n)— 

14.  the  weight  of  the  equalising  chain  =  —p'^mx": 

830 


be  lessened  at  pleasure  Tf  the  h^^g^Tt  of  ZZes  L;  wv  ''T'^'^''^^'  l^enc; 
The  weight  of  the  equalising  or  cofnpeL^n/no^^^^^^^^  increased. 
When  n  =  2  inches,  L  insta^ice,  the  ^0"  ve^  L  Z88^^^^^^^  '"''"''"^ 
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The  velocity  with  which  the  gas  passes  along  the  mains  for  supplying  the  various 
jets  of  light  may  be  further  regulated  by  opening  the  main  cock  or  slide  valve  in  a 
greater  or  less  degree.  _  % 

Gasholders  whose  height  is  greater  than  their  semi-diameter  are  not  only  more 
costly  in  the  construction,  but  require  heavier  counterweights  and  equilibration  cliains. 

The  above  estimate  is  made  on  the  supposition  of  the  gas  in  the  gasholder  being 
of  the  same  specific  gravity  as  the  atmospherical  air,  which  would  be  nearly  true  witli 
regard  to  oil-gas  under  the  ordinary  pressure.  But  coal-gas,  whose  specific  gravity 
may  be  taken  on  an  average  at  about  0'5,  exercises  a  buoyancy  upon  the  top  of  the 
gasholder,  which  of  course  diminishes  its  absolute  weight.  Supposing  the  cubic  foot 
of  gas  to  be  =  0-0364  lbs.,  the  buoyancy  will  be  =  0-0364  tt  ar'lbs.,  a  quantity  which 
deserves  to  be  taken  into  account  for  large  gasometers.  Hence, 

15.  the  weight  of  the  gasholder  in  its  highest  position  =  3/3 -n-a-^  — 0-1143 a;'; 

16.  the  counterweight  —  irx-^p  —        —  O'l  143  x^; 

112        , 0-1143 

17.  the  -weight  of  the  cham  for  the  length  .r,  =  -—      x'  —  ; 

800  p  TT  2 

18.  the  height  of  the  water  pressure  from  the  highest  position,  without  the  coun- 

■  -u.            —0-1143  X 
terweight,  =  — —  ; 

2*72  T>  • 

19.  the  same  for  the  lowest  position  =  1-  m  feet 

56 

The  preceding  values  of  p  and  x,  are, 

(16)  =  3147;  (17)=304;  (18) =2-44  inches;  (19) =2-33  inches. 

The  water  columns  in  the  highest  and  lowest  situations  of  the  gasholder  here  diflPer 
about  0-1  of  an  inch,  and  this  difference  becomes  still  less  when  p  has  a  smaller  value, 
for  example,  3  lbs.,  or  when  the  diameter  of  the  gasholder  is  still  greater. 

It  would  thus  appear  that  for  coal  gasholders,  in  which  the-height  of  the  gas- 
holder does  not  exceed  its  semi-diameter,  and  especially  when  it  has  a  considerable 
size,  neither  a  compensation  chain  nor  a  counterweight  is  necessary.  The  only  thing 
requisite,  is  to  preserve  the  vertical  motion  of  the  gasholder  by  a  sufficient  number  of 
guide  rods  or  pillars,  placed  either  within  the  water  cistern  or  round  about  it.  Should 
the  pressure  of  the  gas  in  the  pipe  proceeding  from  the  gasholder  be  less  than  in  the 
gasholder  itself,  this  may  be  regulated  by  the  main  valve,  or  by  water  valves  of 
various  kinds.  Or,  as  is  now  usually  done,  a  governor  may  be  introduced  between 
the  great  gasholder  and  the  main  pipe  of  distribution.  With  a  diameter  of  61  feet  in 
the  gasholder,  the  pressure  in  the  highest  and  lowest  positions  is  the  same. 

The  gasholders  employed  in  storing  up  gas  until  required  for  use,  occupy,  upon  the 
old  plan,  much  space,  and  are  attended  with  considerable  expense  in  erecting.  The 
water  tank,  whether  sunk  in  the  ground  or  raised,  must  be  of  equal  dimensions  with 
the  gasholder,  both  in  breadth  and  depth.  The  improved  construction  which  we  are 
about  to  describe,  affords  a  means  of  reducing  the  depth  of  the  tank,  dispensing  with 
the  bridge  of  suspension,  and  of  increasing  at  pleasure  the  capacity  of  the  gasholder, 

upon  a  given  base,  thus  rendering  a  small 
apparatus  capable,  if  required,  of  holding  a 
._jg,.  large  quantity  of  gas,  the  first  cost  of  which 
will  be  considerably  less  than  even  a  small 
gasholder  constructed  upon  the  ordinary  plan. 

Mr.  Tait,  of  Mile-End  Road,  the  inventor, 
has,  we  believe,  been  for  some  years  con- 
nected with  gas  establishments,  and  is  there- 
fore fully  aware  of  the  practical  defects  or 
advantages  of  the  different  constructions  of 
gasholders  now  in  use.  Fig.  518  is  a  section 
of  Mr.  Taifs  improved  contrivance  ;  a  a  is 
the  tank,  occupied  with  water  ;  i  b  two  irou 
columns  with  pulley  wheels  on  the  top,  c  c, 
chains  attached  to  a  ring  of  iron,  dd,  extend- 
ing round  the  gasholder,  which  chains  pass 
over  the  pulley  wheels,  and  are  loaded  at 
I  ^  their  extremities,  for  the  purpose  of  balancing 
^  the  weight  of  the  materials  of  which  the  gas- 
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The  gasholder  is  formed  by  two  or  three  cylinders,  sliding  one  within  the  other, 
like  the  tubes  of  a  telescope  ;  e  e  e  is  the  first  or  outer  cylinder,  closed  at  the  top,  and 
having  the  ring  of  iron,  d,  passing  round  it,  by  which  the  whole  is  suspended  ;  //is 
the  second  cylinder,  sliding  freely  within  the  first,  and  there  may  be  a  third  and 
fourth  within  these,  if  necessary. 

When  there  is  no  gas  in  the  apparatus,  all  the  cylinders  are  slidden  down,  and 
remain,  one  within  the  other,  immersed  in  the  tank  of  water ;  but  when  the  gas  rises, 
through  the  water  pressing  against  the  top  of  the  gasholder,  its  buoyancy  causes  tlie 
cylinder  e  to  ascend.  Round  the  lower  edge  of  this  cylinder,  a  groove  is  formed  by 
the  turning  in  of  the  plate  of  iron,  and,  as  it  rises,  the  edge  takes  hold  of  the  top  rim 
of  the  cylinder /  which  is  overlapped  for  that  purpose.  The  groove  at  the  bottom  of 
the  cylinder  fills  itself  with  water  as  it  ascends,  and,  by  the  rim  of  the  second  cylinder 
falling  into  it,  an  airtight  hydraulic  joint  is  produced. 

Thus,  several  cylinders  may  be  adapted  to  act  in  a  small  tank  of  water,  by  sliding 
one  within  the  other,  with  lapped  edges  forming  hydraulic  joints,  and,  by  supporting 
the  apparatus  in  the  way  shown,  the  centre  of  gravity  will  always  be  below  the  points 
of  suspension.  A  gasholder  may  be  made  upon  this  plan  of  any  diameter,  as  there 
will  be  no  need  of  frame-work  or  a  bridge  to  support  it;  and  the  increasing  weight  of 
the  apparatus,  as  the  cylinders  are  raised  one  after  the  other,  maybe  counterpoised  by 
loading  the  ends  of  the  chain  c  c. 

.  Fiy.  519  is  an  elevation  of  a  double  or  telescopic  gasholder  of  a  modern  and  ap- 
proved form,  with  part  of  a  tank. 


519 


The  water  m  the  gasholder  need  not  be  renewed ;  hut  merely  so  much  of  it  as  eva 
po rates  or  leaks  out  is  to  be  replaced.     Indeed  the  surface  of  the  water  in  the  cistl,^ 
gets  covei-ed  with  a  stratum  of  coal  oil,  a  few  inches  deep,  which  prevents  its  evnno 

"^^^^S^^^ir  "''^^^^^  -latile^'substaneiraTtolnrr:^:; 

The  gasholder  may  be  separated  from  the  purifier  by  an  interTnp,i;nto  „o„  i 
as  ,s  represented  by  fg.  520,  with  which  the^wo  ga7pi^^s  ar^^^^^^^^^^^ 
cylindrical  vessel  of  cast-iron,  a,  the  end  of  the  gas  pipe  whicTcomL  ffnt  ,u  "  '^'.^ 
fier,  immersed  a  few  inches  deep  into  the  linuid  with  whilh      comes  from  the  pun- 
thirds  tilled;  6  is  the  gaspipe'^hierlTar^t  the  glsie^ 
tube,  placed  over  the  bottom  of  the  vessel  and  reaehW  tn  i'v?-  P"Pendicular 
top,  through  which  the  liquid  is  introdTced  to  the  "fssd   and  throuL^^'h^V'-^ 
escapes  when  it  overflows  the  level  d    In  thi.;  t„lio  Ti,!  i  '  ^hich  it 

.nner  level  higher,  in  proportion  to^'tht  pLt  gast'th:^^^^^ 
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fluid  -whicli  is  condensed  in  the  gaspipe,  h,  and  in  its  prolongation  from  the  gas- 
holder, runs  otf  into  the  vessel  a  ;  and  therefore  the  latter  must  be  laid  so  low  that  the 

said  tube  may  h(^ve  the  requisite  declivity.  A 
straight  stopcock  may  also  be  attached  to  the 
side  over  the  bottom,  to  draw  off  any  sediment. 

The  governor.  —  Although  the  gasholder  is,  to 
a  certain  extent,  a  regulator  of  pressure,  yet  it  is 
difficult,  by  its  action  alone,  to  maintain  a  pres- 
sure so  steady  and  uniform  as  that  required  for 
the  supply  of  gas  consumers.  It  would  be  diffi- 
cult, if  not  impossible,  to  alter  the  pressure  upon 
the  mains  frequently  during  a  single  night,  as  is 
now  usually  done  in  towns  with  a  large  number 
of  street  lamps,  without  the  intervention  of  an 
apparatus  termed  a  governor.  The  governor, 
which  occupies  a  position  between  the  gasholder 
and  supply  mains,  is  a  miniature  gasholder  a,  (see 
figs.  521,  522,  and  523,  which  represent  Mr. 
Wright's  improved  governor,)  the  interior  of 
which,  however,  is  nearly  filled  by  the  concentric 
inlet  and  outlet  pipes  b  and  c.  Immediately  over  the  mouth  of  the  inlet  pipe,  and  de- 
pending from  the  roof  of  the  inner  cylinder,  is  a  parabolic  piston  d,  which  hangs 
within  the  contracted  mouth  of  the  inlet  pipe  c.  The  interior  cylinder  is  counter- 
poised by  the  lever  and  weights  e  e.    Now,  when  the  pressure  of  gas  in  this  small 


•  holder  increases,  -  that  is,  when  the  flow  of  gasthi^ugh  '^V"'-^  P  P^^.^f^'^tut " 
escaping  from  the  outlet,-the  inner  cylinder  r.ses  ,  but  m  do.ng   o  t  carn^^^^^^^^^ 
the  parabolic  piston  D,  and  thus  contracts  the  o.nfice  of  the         '^"^..^Xd  ^^^^^ 
diminishes  the  ingress  of  gas.    In  this  way,  by  adjusting  the  weights  attached  to 
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lever  of  the  governor  and  by  always  maintaining  a  pressure  in  the  gashoider  greater 
than  IS  required  m  the  mains,  the  gas  can  be  delivered  from  the  governor  f  t  anv 
required  pressure.    In  hilly  towns,  such  as  Bristol,  Bath,  Edinburgh.Vct  it  [s  neces^ 


when  It  is  stated,  that  a  difference  of  IpvpI  nf      fLf  ff  "  °^  obvious 

in  the  mains  to  the  extent  ofjhs  of  L  ineh^^^^  '""'^'^  '"^^  P----^  °f  the  gas 

the'^^fpris^'tguMe^hyXrver^^^  is  maintained  in 

the  quantity  of  las^hich  in  f  liven  ti-J  'T.  \'  magnitude  of  this  pressure,  and 
a  certain  length  of  pipes  deLfrthe  w\in/r 

have,  in  order^hat  ^^^^ ^^^.^^^^^^^^^1^:^ 
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all  other  flviids,  experiences  in  tubes,  -whereby  the  gas  might  be  prevented  from 
issuing  with  the  velocity  required  for  the  jets  of  flame.  The  velocity  of  the  gas  in 
the  main  pipe  increases  in  the  ratio  of  the  squar(^root  of  the  pressing  column  of 
"water  upon  the  gasholder,  and  therefore  by  increasing  this  pressure  the  gas  may  be 
forced  more  rapidly  along  the  remoter  and  smaller  ramifications  of  the  pipes.  Thus  it 
happens,  however,  that  the  gas  -will  be  discharged  from  the  orifices  near  the  gasholder, 
■with  superfluous  velocity.  It  is  therefore  advisable  to  lay  the  pipes  in  such  a  manner, 
that  in  every  point  of  their  length,  the  velocity  of  discharge  may  be  nearly  equal. 
This  may  be  nearly  effected  as  follows  :  — 

From  experiment  it  appears  that  the  magnitude  of  the  friction,  or  the  resistance 
■which  the  air  sufi'ers  in  moving  along  the  pipes,  under  a  like  primary  pressure,  that  is 
for  equal  initial  velocity,  varies  with  the  square  root  of  the  length.  The  volume  of  gas 
discharged  from  the  end  of  a  pipe,  is  directly  proportional  to  the  square  of  its  diameter, 
and  inversely  as  the  square  root  of  its  length  ;  or,  calling  the  length  l,  the  diameter  d, 

the  cubic  feet  of  gas  discharged  in  an  hour  k;  then  /e=— -=.    Experience  likewise 

showj,  that  for  a  pipe  250  feet  long,  which  transmits  in  an  hour  200  cubic  feet  of  gas, 
one  inch  is  a  sufiicient  diameter. 

1  D«   ^ 

Consequently,  200  :  k  ::  •  :  :  — n  ;  and  D  =  a/  k  -/  h 

^  145  V  250  ./L   

^  ^  455,000 


From  this  formula  the  following  table  of  proportion  is  calculated. 


Number  of  cubic  feet  per  hour. 


50 
250 
500 
700 
1000 
1500 
2000 
2000 
2000 
2000 
6000 
6000 
8000 
8000 


Length  of  pipe,  in  feet. 


100 
200 
600 
1000 
1000 
1000 
1000 
2000 
4000 
6000 
1000 
2000 
1000 
2000 


Diameter,  in  inches-. 


0-  40 

1-  00 

1-  97 

2-  65 
316 

3-  87 

4-  47 

5-  32 

6-  33 

7-  00 

7-  75 
9-21 

8-  95 
16-65 


These  dimensions  are  applicable  to  the  case  where  the  body  of  gas  is  transmitted 
through  pipes  without  being  let  off  in  its  way  by  burners,  that  is,  to  the  mams  whu^h 
conduct  the  gas  to  the  places  where  it  is  to  be  used.  If  tbe  mam  sends  off  branches 
for  burners  then  for  the  same  length  the  diameter  may  be  reduced,  or  for  like 
dTameter  he  length  Lay  be  greater.^  For  example,  if  a  pipe  of  5-32  inches,  which 
ti-rsmits  2000  cubic  feet  through  a  length  of  2000  feet,  gives  off,  m  this  space,  1000 
cXcTetoT  gas -then  the  re'mainder  of  the  pipe,  having  the^  same  diameter,  can 

continuetotransmitthegasthroughalengthof2450feet=(— ^ith  undi- 
this  length  (calculated  at  1500  ^J'-^^'^fJ^J^^^^S/f'S  o     and  the  diameter 
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being  the  smallest  used  in  mains,  into  which  branch  pipes  can  be  conveniently 
inserted. 

The  same  relations  hold  -with  regard  to  branch  pipes  through  which  the  gas  is 
transmitted  into  buildings  and  other  places  to  be  illuminated.  If  such  pipes  make  fre- 
quent angular  turnings,  whereby  they  retard  the  motion  of  the  gas,  they  must  be  a 
third  or  a  half  larger  in  diameter.  The  smallest  tubes  of  distribution  are  never  less 
than  one  fourth  of  an  inch  in  the  bore. 

Where,  from  one  central  gas  work,  a  very  great  quantity  of  light  is  required  in 
pa.'ticular  localities,  there  ought  to  be  placed  near  these  spots  gasholders  of  distribu- 
tion, which  being  filled  daring  the  slack  hours  of  the  day  are  ready  to  supply  the 
burners  at  night  without  making  any  considerable  demand  upon  the  original  main 
pipe.  Suppose  the  first  main  be  required  to  supply  8000  cubic  feet  in  the  hour,  for 
an  illumination  of  8  hours,  at  the  distance  of  2000  feet,  a  pipe  10§  inches  in  diameter 
would  be  necessary  ;  but  if  two  or  three  gasholders  of  distribution,  or  station  gas- 
holders be  had  recourse  to,  into  which  the  gas  during  the  course  of  24  hours  would 
flow  through  the  same  distance  continuously  from  the  central  gas  works,  the  quantity 
required  per  hour  from  them  would  be  only  one  third  of  8000=2666-6  cubic  feet  • 
consequently  the  diameter  for  such  a  pipe  is  only  6-15  inches.  ' 

All  the  principal  as  well  as  branch  pipes,  whose  interior  diameter  exceeds  an  inch 
and  a  half,  are  made  of  cast-iron  from  6  to  8  feet  long,  with  elbow  pipes  cast  in  them 
where  it  is  necessary.  These  pipe  lengths  are  shown  in  fig.  524,  having  at  one  end 
a  wide  socket  a,  and  at  the  other  a  nozzle  b,  which  fits  the  former.  After  inserting 
the  one  in  the  other  in  their  proper  horizontal  position,  a  coil  of  hemp,  soaked  with 
far  IS  driven  home  at  the  junction;  then  a  luting  of  clay  is  applied  at  the  mouth, 
within  which  a  ring  of  lead  is  cast  into  the  socket,  which  is  driven  tight  home  with  a 
mallet  and  blunt  chisel. 


The  pipes  should  be  proved  by  a  force  pump  before  being  received  into  th^ 

this  case  the  water  level  s?Zk  ?n  tl^l           !        ^'P^'  interrupted.  In 

it,  and  in  the  conrpartmeSTL^^^  ^  lower  than  o'utside  of 
fore  the  pipes  a  a^d  b  must  project  Cs  fir  above  t^-' '  ^""f"^''''  ' 

water  always  at  the  same  height  and  to  pSvent  it  from  flf-  ^"  ""^'^  '°  ^^'^ 

these  pipes,  the  rim  c  d  of  the  outer  vessI?X.lh        ^  """"'l^s  of 

A  B  ;  and  hence  the  vessel  may^'^k^l^M  TwaTer^'  ^"^"^ 

.B"ar?the1etinat£  o'^thTtSr'      "^^^      r^^^'^^'  ^  -  ^9  526 

iron  vessel  m.  eTs  an  loo  v^sseTof'  he^'sf^'.t'''^  ''f  •"l^'l^  ^''^^  ''^  recSgS 
-  to  the  level  a,  and  ^^^^'t^^^^^^^t^ 
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bottom,  and  works  in  the  fixed  female  screw  c  c,  may  be  moved  up  or  down,  bo  tbat 
the  vessel  m  may  be  immersed  more  or  less  into  the  quicksilver.  The  vessel  m  is 
furnished  with  a  vertical  partition  »i;  the  passage  of  the  gas  from  a  to  is  is  therefore 
obstructed  when  this  partition  dips  into  the  quicksilYer,  and  from  the  gradual  de- 
pression of  the  vessel  e  by  its  screw,  the  interval  between  the  quicksilver  and  the 
lower  edge  of  the  partition,  through  which  the  gas  must  enter,  may  be  enlarged  at 
pleasure,  whereby  the  pressure  of  the  gas  in  b  may  be  regulated  to  any  degree.  The 

transverse  section  of  that  interval  is 
equal  to  the  area  of  the  pipe,  or  rather 
greater;  the  breadth  of  the  vessel  m 
from  A  to  B  amounts  to  the  double  of 
that  space,  and  its  length  to  the  mere 
diameter  of  a  or  b.  The  greatest  height 
to  which  the  partition  m  can  rise  out 
of  the  quicksilver  is  also  equal  to  the 
above  diameter,  and  in  this  case  the 
line  a  comes  to  the  place  of  b.  The 
vertical  movement  of  the  outer  vessel 
E  is  secured  by  a  rectangular  rim  or 
hoop  which  surrounds  it,  and  is  made 
fast  to  the  upper  part  of  the  vessel  m, 
within  which  guide  it  moves  up  and 
down.  Instead  of  the  lever  d  u,  an 
index  with  a  graduated  plate  may  be 
employed  to  turn  the  screw,  and  to 
indicate  exactly  the  magnitude  in  the 
opening  of  the  valve.- 

The  metres. — In  order  to  measure  the 
quantity  of  gas  which  passes  through  a 
pipe  for  lighting  a  factory,  theatre,  &c. 
the  gas  meter  is  employed,  of  whose  construction  a  sufficiently  precise  idea  may  be 
formed  from  the  consideration  of 627,  which  shows  the  instrument  m  a  section 
perpendicular  to  its  axis.  ^.^^.^      cylindrical  case  a,  there  is  a  shorter 

cylinder  b  b,  shut  at  both  ends,  and  movable  round 
an  axis,  which  is  divided  into  four  compartments, 
that  communicate  by  the  openings  d,  with  the  in- 
terval between  this  cylinder  and  the  outer  case.    I  he 
mode  in  which  this  cylinder  turns  round  its  axis  is 
as  foUows :  —  The  end  of  the  tube  c,  which  is  made 
fast  to  the  side  of  the  case,  and  by  which  the  gas 
enters,  carries  a  pivot  or  gudgeon,  upon  which  the 
centre  of  its  prop  turns ;  the  other  end  of  the  axis 
runs  in  the  cover,  which  here  forms  the  side  of  a 
superior  open  vessel,  in  which,  upon  the  same  axis 
there  is  a  toothed  wheel.    The  vessel  is  so  far  filled 
with  water,  that  the  tube  c  just  rises  above  it,  which 
position  is  secured  by  the  level  of  the  side  vessel 
When  the  gas  enters  through  the  tube  c,  by  its 
„  .  U  turns  the  cvlinder  from  right  to  left  upon  its  axis, 
pressure  upon  the  partition  e  it  turns  he  cyunae  g  .^^^^^.^ 

till  the  exterior  openmg  d  rises  f  J^^'f  ;^^e  at  to|.  At%very  revolution 
exterior  space,  whence  i  passes  f  .  ^'^f^^e  c^^^^^  proportional  to  its  known 
a  certain  volume  of  gas  thus  f^f^^J^'^fX/toXd  wheels,  whence,  by  means 
capacity     The  -^-^  ^^f^^^^  top  or  in  front  of  the  gas  meter 

t'':Ztlr:rcluri^^^^  pass?hrough  this  apparatus  m  a  given  time  is 

"tf  Thomas  Edge,  of  Great  Peter  Street,  Westminster,  has  contrived  the  following 
sLt'a'fJriie'w  of  rr"-Ught  meter,  the  front  plate  being  removed,  and 
some  of  the  parts  shown  in  section. 
Fig.  527  is  a  transverse  section  of  he  same  ^^^^^      ^^.^^     ^  1  , 

The  gas  enters  at  a  into  the  small  '  oving  upon  its  axis  and  attached 

valve  (?art  of  Mr.  Edge's  patent  f  F™!,°^2'enT  dra^^in|  is  buoyant  The  object 
by  the  rod  to  a  metal  float  c,  M  PJ^f  "f  tUe  gal  into  the  meter,  unless  a 

of  this  arrangement  is  to  '"tercei^t  the  passage  ot  .^^  proper  action ;  the 

sufficient  quantity  of  water  is  in  it,  that  oemg  j 
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gas  then  passes  tlirough  the  inverted  siphon  or  tunnel  into  the  convex  cover  whenop 
It  passes  into  the  chambers  of  the  drum.  whence 
Another  of  Mr.  Edge's  improvements  consists  in  tlie  cutting  down  of  this  sinlion 
pipe  or  tunnel  to  the  proper  water  level,  and  connecting  the  bottom  of  it  to  a  waste 
water  box,  mto  wh.ch  any  surplus  water  must  fall.    The  importance  of  this  precaution 

riaJly  interfere  with  the  measurement,  the  quantity  of  gas  delivered  per  revoluiio.i 


528 


be  considered  perfectly  iust  onlir^ T'""^  "^^^       measurement  may 

see  Gas  Mkter.       ^       °°  '''^  occasions.    For  a  description  of  the  dry  gas  meter! 

Arrangkiient  of  Gas  Works. 

the^foibwtfpla"sTnfd?awfngrof^^^^^^  experience,  has  kindly  furnished 

and  modern  constniction  and  on  t)f«  V  ^  °^  apparatus  of  the  most  approved 
manufacture;  also  planra'nd  drawing oF^.  f^''?'"''      *°  °f  or 

responding  apparatus.    In  theTst  or  larfe  1°?  °°  ^"'^  c"-- 

desOTbed,  js  used;  in  the  latter,  by  dry  lime        '  '  ^^'^^  cation  by  wet  lime,  before 

Of  stoi-mg  ,000.000  cubic  feet  of  gl^  ;"a;d  f  o^t^^^^^^^^^^^^ 

ania  wTsfvTsS  VSoSS^?:^^^^    f]  -^orts,  2  dry  lime  purifiers 

stores  sufficient  fo;  loK„s  of /oal        "^''"""^  ^0.000  cubic  feet  of  gas  ;  Ldcdai 

reto;S,?nd  allte^dVptdt^clf      ^""'^  °'  ^  ^^'^         -P^^le  of  containing  400 

Iarg:f;L\\e;Vn'd^Sfp;;:;^^^^^^^^^^^  &c.,  on  the 

wide;  B,  retort  beds;  c,  chimney  stack^  ^  'fl  '•etort  house,  300  feet  long,  56  feet 
each  300  feet  long,  30  feet  widp  -^^f^  ',  ^'  hydraulic  mains ;  p,  coal  stores 

purifiers  and  conn^ctbns   T  lir^P  ^^ouses:  j,  U'ash  vessels  k' 

N,  refuse  lime  pits;  o"'^e^;  Touts  ;'tar'T"V"''  T'^'^  -"tiers'  L  : 
columns,  valves,  and  connect  ons  -  ?  ,!;  '  gasholders  bridges' 

"'Iir^^'  T''  ""f  "'^^ ^t-eT""''"  '  ^'  ^''''^  ^'--^    '        pipe's  ;'Xt: 
^.^  .32.    Front  elevation  of  gas  works  o^n  a  smaller  scale,  where  dry  Ume  is  u.  ' 
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Fig.  533.  Plan  of  gas- -works,  consisting  of,  A,  retort  house;  b,  retort  beds;  c, 
cliimncy  stack;  d,  flue;  k,  hydraulic  main  ;  p,  coal  store;  a,  lime  store;  h,  washer 
and  purifiers ;  J,  store  ;  k,  tar-tauk  ;  l,  horizontal  coijflenser  laid  on  the  ground  ;  m. 


PI 

CO 


,„,o.  p,p..  ».  ««....  P<pe,  o,.»..  ..a  g.*o,a«rs,     .c«  ..a  governor,  0, 

section;  d,  elevation. 
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Fij.  535.    Elevation  of  an  upright  air  condenser,  consisting  ot  five  chambers,  wiih 
a  series  of  10-inch  pipes. 
Fig.  536.    Longitudinal  section  of  a  bed  of  5  D  retorts. 

F\g.  537.    End  elevation  and  plan  of  air  condenser    A,  end  elevation;  b,  plan. 


/roM,  one  punfier  to  the  next  below  it  and  ult  ?"  !;  f        °l       ^'""^  to  nm 

^,  .c.et.n  of  wash  ves.el ;  b,  ^^^^o^l^r^^I,^^^^^  vi.^ 

3  D  3 
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A  Table  of  the  number  of  hours  Gas  is  Ijtirnt  in  each  month,  quarter,  and  year. 


Time  of  13urnln({* 

Jul). 

Aug. 

Sep. 

Ocl. 

Nov. 

„  1 
Dec. 

Jan. 

fell. 

Mar. 

A|.l% 

May. 

June 

miar 

.M  c 
"10, tr. 

\ms. 
qu!ir. 

Lady 
cl»y 
(jii.ir. 

Tell, 
of 
year. 

•          t   1  L 

0  clock. 

31 

KG 

From  Dusk  to  0 

2 

fi2 

33 

2 

1  /O 

102 

277 

—  7 

14 

22 

02 

02 

1 1  1 

l)(l 

(>1 

31 

,l 

3() 

2'  i.'i 

188 

493 

K 

40 

h'l 

i|3 

1 22 

142 

1V7 

89 

02 

'^8 

'A'l 

92 

00/ 

278 

7 -''9 

—  !l 

i:i 

71 

x'l 

124 

l.'i2 

173 

K)8 

117 

93 

.■18 

29 

8 

1  (Ui 

449 

3r,8 

|ii7'- 

_  1" 

\\ 

102 

1 12 

lljri 

IH2 

204 

lc<!) 

\Vt 

124 

KH 

(10 

IKfi 

:l.i8 

541 

4.18 

144r! 

fc' = 

_  11 

1^ 

1  :W 

142 

lx("> 

212 

■•■'ft 

22(1 

7) 

155 

IIH 

91 

fiK 

277 

■(.•lO 

(13:) 

.')48 

1808 

12 

1  (i 

CI 

172 

il7 

212 

2liG 

2.'^1 

201 

ISO 

I4h 

122 

:  (W 

142 

72.'. 

(138 

2173 

S 

All  iiiiiht 

-07 

:i4li 

121 

47;i 

.')J7 

.■i  2 

411 

382 

■-'42 

10:1 

;32 

■<(i9 

I4:;l 

I30.'i 

4327 

■rz  a. 

MDrniiig  from  4 

Hi 

48 

80 

no 

137 

i:i7 

98 

71 

28 

2 

.•(0 

(14 

327 

30l' 

7. '7 

~  c 

—  5 

18 

49 

SO 

1  (Mi 

i(i(i 

7(' 

40 

3 

3 

18 

23.1 

21(1 

472 

7) 

_  f, 

13 

60 

7S 

7.T 

42 

9 

143 

12(1 

2(19 

5 

—  7 

2(1 

"44 

44 

14 

C4 

58 

12-. 

Economical  and  Sanitary  Relations  of  Gas. 

In  a  lecture  (3elivere(3  at  the  Royal  Tnstltu  ion  in  1853,  Dr.  Frankland  thus  estimates 
the  comparative  cost  of  an  amount  of  light  from  various  sources  c(iual  to  that  yitldL-J 
by  20  sperm  candles,  each  burning  120  grains  per  hour  for  10  hours. 

d. 


Wax 

Spermeceti 
Tallow 

i-perm  oil  (Carcel's  lamp) 


s. 
7 
6 
2 
1 


2i 
8 
8 
10 


London  gases:  City,  Great  Central, 
Imperial,  and  Chartered       -  0 
Western  -       -       -       -       -  0 
Manchester  gas  -       -       -       -  0 


-4 
3 


The  following  table  exhibits  the  amount  of  carbonic  acid  and  heat  produced  per 
hour  from  the  above  sources  of  light,  the  heat  generated  by  tallow  being  assumed  to 
be  100  for  the  purposes  of  comparison. 


Tallow 

Wax        .  "I  - 

Spermaceti  j 

Sperm  oil  (Carcel's  lamp) 

London  gases :  City 

Great  Central 
Imperial 
Chartered 
Western 

Manchester  gas  - 


Carbonic  Acid, 
Cubic  feet. 

-  10  1  - 

-  8-3  - 
6-4  - 

-  TyQ  - 

-  3  0- 

-  4-0  - 


Heat. 

100 
82 
63 

47 

22 
32 


Notwithstanding  the  great  economy  and  convenience  attending  the  use  of  gas,  and 
in  a  sanitary  point  of  view,  the  high  position  which,  as  an  illuminating  agent,  coal- 
gas  of  proper  composition  occupies,  its  use  in  dwelling  houses  is  still  extensively  ob- 
jected to.  The  objections  are  partly  well  founded  and  partly  groundless.  As  is 
evident  from  the  foregoing  table,  even  the  worst  gases  produce,  for  a  given  amount 
of  light,  less  carbonic  acid  and  heat,  than  either  lamps  or  candles.  But  then,  where 
gas  is  used,  the  consumer  is  never  satisfied  with  a  light  equal  in  brilliancy  only  to  that 
of  lamps  or  candles,  and  consequently,  when  three  or  four  times  the  amount  of  light 
is  produced  from  a  gas  of  bad  composition,  the  heat  and  atmospheric  deterioration 
creatly  exceed  the  corresponding  effects  produced  by  the  other  means  of  illumination. 
There  is  nevertheless  a  real  objection  to  the  employment  of  gaslight  in  apartments, 
founded  upon  the  production  of  sulphurous  acid  during  its  combustion  :  this  sulphu- 
rous acid  is  derived  from  bisulphuret  of  carbon,  and  the  organic  sulphur  compounds, 
which  have  already  been  referred  to  as  incapable  of  removal  from  the  gas  by  the 
present  methods  of  purification.  „      ,  a  n,^ 

These  impurities,  which  are  encountered  in  almost  all  coal-gas  now  used,  are  the 
principal  if  not  the  only  source  of  the  unpleasant  symptoms  experienced  by  many 
Eive  persons  in  rooms  lighted  with  gas.  It  is  also  owing  to  the  sulphurous  acid 
tenerated  during  the  combustion  of  these  impurities  that  the  use  of  gas  is  found  to 
Ke  he  bindings  of  books,  and  impair  or  destroy  the  delicate  colours  of  tapestry  : 
Sefore  the  production  of  gas  free  from  these  noxious  sulphur  compounds  is  at  the 
present  moment  a  problem  of  the  highest  importance  to  the  gas  manufacturer,  and 
nn..  which  demands  his  earnest  attention.  , 

The  high  sanitary  position  which  gas  takes,  with  regard  to  ^^^V^^^/, 
ininimum^amount  of  carbonic  acid  and  heat  for  a  given  ^-^^l^t^ZSlls 
stimulate  the  manufacturer  to  perfect  the  process,  by  removing  all  sulphur  compounds, 
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and  attaining  the  most  desirable  composition,  so  that  this  economieal,  and  if  pure, 
agreeable  and  sanitary  light,  may  contribute  to  our  domestic  comfort  to  a  much  greater 
extent  than  it  has  hitherto  done. 

General  Summary 

For  lighting  London  and  its  suburbs  with  gas,  there  were  in  1852  : 
18  public  gas  works. 
12       do  companies. 

2,800,000/.  capital  employed  in  works,  pipes,  tanks,  gasholders,  apparatus. 
450,000/.  yearly  revenue  derived. 

134,300  private  burners  supplied  to  about  40,000  consumers. 

30,400  public  or  street  do.    N.B.  about  2650  of  these  are  in  the  city  of  London. 

380  lamplighters  employed. 

176  gasholders  ;  several  of  them  double  ones,  capable  of  storing  5,500,000  cubic 

890  tons  of  coal  used  in  the  retorts  on  the  shortest  day  in  24  hours. 
7,120,000  cubic  feet  of  gas  used  in  the  longest  night,  24th  December. 
About  2500  persons  are  employed  in  the  metropolis  alone,  in  this  branch  of  manu- 
facture. 


Between  1822  and  1827  the  quantity  nearly  doubled  itself,  and  that  in  5  years. 
Between  1827  and  1837  it  doubled  itself  again. 

The  consumption  of  coals  of  all  kinds  for  the  supply  of  gas  to  the  metropolis  du 
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action  of  steam  upon  charcoal,  coke,  or  other  deoxidising  substances,  in  a  separate 
retort,  and  the  introduction  of  these  gases,  technically  called  water-gas,  into  the 
retort  in  which  the  illuminating  gases  are  being  generated,  and  in  such  a  manner 
that  these  latter  gases  shall  be  swept  out  of  the  retort  as  rapidly  as  possible,  bo  as 
to  remove  them  from  the  destructive  influence  of  a  high  temperature. 

The  retorts  used  for  the  hydrocarbon-gas  process  may  be  of  various  shapes  and 
sizes.  The  settings  are  similar  to  those  for  the  ordinary  retorts,  and  any  number  which 
is  necessary  may  be  placed  in  an  oven.  They  diiFer  only  from  the  ordinary  retorts  by 
having  a  horizontal  partition,  or  diaphragm,  cast  in  the  centre,  dividing  the  retort  into 
two  chambers,  and  extending  to  within  12  inches  of  the  back.    This  diaphragm  is 

found  in  practice  to  strengthen  the 
sides  of  the  retorts,  and  thus  to  add 
to  their  durability.   The  water-gas 
retorts  may  be  cast  from  the  same 
pattern  as  the  cannel  retorts,  and 
may  be  set  in  exactly  the  same  man- 
ner.   Figs.  539  (p.  777)  and  540  re- 
present a  setting  of  two  retorts  in 
one  oven,  and  show  the  same  in 
elevation,  transverse  section,  and 
longitudinal  section.  The  retorts  here 
shown  have  an  internal  cubical  ca- 
pacity of  about  16  feet,  and  the  bed  of 
two  is  capable  of  producing  about 
10,000  cubic  feet  per  diem  of  hydro- 
carbon-gas.     The  temperature  at 
which  the  retorts  are  worked  is 
about  the  average.    The  water-gas 
is  generated  in  the  retort  A,  in  the 
following  manner:  — The  upper  and 
lower  chambers  are  well  filled  with 
coke  or  charcoal,  and  a  very  fine 
stream,  or  rapid  drops,  of  water  flow  - 
ing  from  the  tap  enters  the  upper 
chamber  through  the  siphon  pipe, 
falling  into  a  small  steam-generat- 
ing tube,  which  is  placed  inside  to 
receive  it,  and  instantly  converts  it 
into  steam.    The  steam,  in  passing 
backwards  along  the  upper  chamber, 
and  forwards  along  the  lower  one, 
becomes  to  a  great  extent  decom- 
posed into  hydrogen,  carbonic  oxide, 
and  carbonic  acid  gases.  The  water- 
gas  generated  in  the  retort  a,  as  de- 
scribed above,  enters  the  lower  cham- 
ber of  the  retort  B,  through  the  con- 
necting pipe  c  c,  cast  on  the  mouthpiece.    In  the  chambers  of  this  retort  the  illu- 
minating gas  is  generated,  either  from  coal,  cannel,  resin,  or  other  -suitable  material, 
and  being  rapidly  carried  forward  by  the  current  of  water-gas,  its  illuminating 
principles  are  preserved  from  the  destruction  caused  by  prolonged  contact  with  the 
incandescent  surfaces  in  the  retort,  whilst  at  the  same  time  hs  volume  is  increased. 
When  very  rich  cannels  or  other  materials  are  used,  two,  three,  or  even  four  water- 
gas  retorts  are  made  to  discharge  their  gas  into  the  cannel  retort. 

The  hydrocarbon  process  has  hitherto  been  applied  only  to  resin,  coals,  and  cannels. 
The  following  is  a  brief  summary  of  the  results  of  a  series  of  experiments  made  by 
Dr  Frankland  on  the  manufacture  of  hydrocarbon  resin  gas.  Each  hundredweight 
of  resin  was  dissolved  by  heat  in  7^  gallons  of  the  resin  oil  of  a  former  working,  and 
the  liquid,  whilst  still  hot,  was  run  into  one  of  the  retorts,  by  means  of  a  siphon  tube, 
in  a  stream  about  the  thickness  of  a  crowquill,  whilst  water-gas,  generated  in  the 
second  retort,  was  admitted,  as  described  above.  The  mixed  gases  were  then  made 
to  stream  through  the  usual  form  of  condensing  apparatus,  were  afterwards  com- 
pelled to  pass  successively  through  wet  and  dry  lime  purifiers  before  they  reaclied  the 
casholder  In  order  to  secure  a  uniform  mixture  of  the  gas  produced  in  each 
experiment,  it  was  allowed  to  remain  at  rest  in  the  gasholder  for  at  least  twelve  hours 
before  a  specimen  was  withdrawn  for  analysis. 

In  the  following  tables  both  the  practical  and  analytical  results  are  given. 
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I.  Practical  Results. 


Average 
evolu- 

Materials Ciinsumed. 

PllODIICTS  OUTAINED. 

tion  of 
Gas  per 
hour. 

Eesin. 

Coal. 

Charcoal. 

Lime. 

Water. 

Resin 
Oil. 

Gas. 

Gas  per 
cwt.  of 
Kesin. 

1st  Experiment 

2nd 

3rd 

4tli 

Cub.  ft. 

930 
1000 

Cwt.  qr.  lb. 
2     1  17^ 
2     1  18 
2     0  17 
2     0  7 

Cwt.  qr. 
1  2 
1  2 
1  2 
1  2 

lb. 
10 
12 
12 
10 

lb. 
20 
20 
28 
28 

lb. 
73 
77 
85 
62^ 

Gals. 
10-7 

7-  8 
4-5 

8-  75 

Cb.ft. 
3340 
3800 
4157 
3090 

1388 
1576 
1932 
1520 

Average  production  of  gas  per  ton  of  resin  -       -       .    32,080  cubic  feet. 
Average  production  of  resin  oil  per  ton  of  resin    -       -    70-3  gallons 
Illummating  power  of  average  gas  before  purification,  as  ascertained  by  shadow  test, 
•75  cubic  feet  per  hour  =  light  of  one  short  six  spermaceti  candle. 


II.  Analytical  Results. 


Hydrocarbons  .      -  - 
Light  carbd.  hydrogen 
Hydrogen        -      -  _ 
Carbonic  oxide 
Carbonic  acid  -      .  - 

Composition  of  Gas  BBVons  Pubification. 

Actu 

al  Amount  in  Cubic  Feet. 

Per-centage  Amount 

1st 
Eip. 

2nd 
Exp. 

3rd 
Ezp. 

4  th 
Exp. 

1st 
Exp. 

2nd 
Exp. 

3rd 
Exp. 

4  th 
Exp. 

Average. 

258-7 
687-5 
1315-3 
967-9 
210-6 

269-0 
1627-7 
1274-8 
319-2 
409-5 

305-7 
895-9 
1976-2 
753-3 
194  9 

254-0 
961-0 
1297-8 
463-5 
113-7 

7-75 
17-58 
39-38 
28-98 

0-31 

7-  08 
40-20 
33-54 

8-  40 
10-78 

7-41 
21-7! 
47  90 
18-26 

4-72 

8-22 
31-09 
42  06 
15-04 

3-59 

7-62 
27-64 
40-72 
17-67 

6  35 

3340-0 

3800-2 

4126-0 

3090-0 

100-00 

100-00 

100-00 

100-  00 

100-00 

Amount  of  carbon  vapour  contained  in  1  volume  of  hydrocarbons  =  2-8  volumes. 


Hydrocarbons  ... 
I<ight  carburetted  hydrogen 
Hydrogen  .... 
Carbonic  oxide  ... 

Composition  op  Gas  after  Purification. 

1st  Exp. 

2nd  Exp. 

3rd  Exp. 

4th  Exp. 

Average. 

8-27 
18-76 
42-03 
30-93 

7-94 
45-06 
37-59 

9  41 

7-78 
22-79 
50-27 
19-16 

8-53 
32-25 
43-62 
15-60 

8-13 
29-71 
43-38 
18-78 

100-00 

100-00 

100-00 

100-00 

100-00 

after 


=  -65886. 
=  -59133. 


1st  Experiment 
2nd  Experiment 
3rd  Experiment 
4th  Experiment 


VaLDE  of  HYDRncARBONS  EXPRESS.  D  IN  TBEIR  EQU.VALENT 

Volume  of  Olefiant  Gas.  "''"•^'"■'^nt 


Value  of  Actual  Amount. 


Cubic  Feet. 
362-2 
376-6 
428-0 


Value  of  Percentage  Amount 
m  Purified  Gas. 


Cubic  Feet. 
11-58 
11-12 

10-  89 

11-  94 


This  process  is  especially  adapted  for  the  mannfnTtnvTTf  " 
private  houses  or  small  manufactories    The  necessa^-t  on.l^    °  •  ^  T^"         ^«  i° 
and  unpleasant  effluvia.  necessai y  operations  involve  little  trouble 

Dr.  Frankland  has  also  investimted  the  hvf1rnnn..T,,,„  „ 
cannels,  and  the  following  is  a  taUtetJ^m^^J^^^^^^  and 
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Summary  of  Experimental  Results. 


Namb  or  CoAr.. 

Cubic  feet  of  Gas 
pur  ton. 

llluminalin^ 
power  per  toirm 
Sperm  Candles. 

fiain  per  Ion  l»y 
White's  process. 

(Jain  percenl.  by 
White's  process. 

By  oli\ 
procL-sg. 

By 

VVhitf's 
procti.ui. 

By  old 
proct%&. 

By 
While's 
proce&s. 

Quantity 
f>r  p.is  In 
culjic  feet. 

Iltuniin.-it- 
iiiK  power 
in  hpt-rin 
candleN. 

Qnantily 
of  gas. 

liluml- 
nalitiK 
power. 

VVijjan  Cannel,  Ince  Hall 
WigiUi  clo.,  Baicnrres  - 
Boghead  Caniii'l  ... 
Ditto,  Slid  experiment 
I.esmaliago  Cannel 
Mftliill  Camiel 
Newcastle  do.,  Ramsey 

10  900 
10:4.10 
13,240 

10,020 
9,fi00 
10.300 

10,120 
l.'j.SOO 
38,100 
51,720 
29,180 
26,400 
15,020 

4,810 
4,156 
11,340 

7,020 
5,310 
5,020 

0,448 
5,920 
21,308 
2(l,0'8 
13,!i34 
11,088 
5,01li 

5,220 
5,000 
24  020 
38,'18l) 
18,.500 
16.840 
4,7'20 

1,032 
1,704 
9,988 
9,308 
0,314 
5,-  72 
620 

47  9 
48-5 
198-2 
•/Jl.-O 
174  8 
170-2 
45-8 

33  9 
4  -1 

87  8 

81-  8 

82-  8 
UW-I 

12-3 

Table,  showing  the  quantity  of  Coal  or  Cannel  requisite  for  producing  light  equal  to  1 000 
Sperm  Candles,  each  burning  10  hours  at  the  rale  of  120  g's.  per  hour. 


Name  of  Coal. 

Weigh' 

OF  COAU 

By  old  process. 

By  White's  process. 

lbs. 

lbs. 

Wigan  Cannel  (Ince  Hall)  ... 
Wigan  Cannel  (Balcarres)  ... 

465-1 

347-4 

539  0 

378-4 

Boghead  Cannel    -       -       -       -  - 

197-5 

1048 

Lesmahago  Caunel        -       -       -  - 

293-9 

160-7 

Methill  Cannel  

421-4 

202  0 

Newcastle  Cannel         -      -       -  - 

445-7 

396-7 

Newcastle  Coal  (Pelton)-       .       .  - 

745-7 

Table  Showing  the  quantity  of  Gas  requisite  for  producing  light  equal  to  1000  Sperm 
Candles,  each  burning  10  hours  at  the  rate  of  120  grs.  per  hour. 


Name  of  Gas. 


Bate  of  Consitmption 
per  hour. 


Quantity  of  Gas. 


Wigan  Cannel  (Ince  Hall) 

Ditto  by  White's  process  - 
Wigan  Cannel  (Balcarres) 

Ditto        by  White's  process  - 

Boghead  Cannel    .       -       -  - 

Ditto        by  White's  process  - 

Ditto  ditto,  2nd  experiment 
Lesmahago  Cannel-  ... 

Ditto        by  White's  process  - 

Methill  Cannel     .       -       -  - 

Ditto  by  White's  process  - 
Newcastle  Cannel  (Ramsay)  - 

Ditto        by  White's  process  - 

Newcastle  Coal  (Pelton)  -       -  - 

Resin  Gas  by  White's  process  - 

Manchester  Gas  (June,  1851)  - 

'City  Company's  Gas  (July  15,  1851) 
Great  Central  Company's  Gas,  do. 

Chartered  Company's  Gas  -  do. 

Imperial  Company's  Gas  -  do. 
_  Western  Company's  Gas  do. 


Cubic  Feet. 
5 
5 
5 
5 
3 
3 
5 
4 
4 
5 
5 
5 
5 
5 

{calculated  "1 
from  analysis  J 
ditto  ditto 
5 
5 

f    calculated  "1 
|_  from  analysis  J 
ditto  ditto 
ditto  ditto 


Cubi  Feet. 
2263 
2500 
2512 
2618  . 
1168 
1786 
2500 
1394 
2094 
1798 
2381 
2049 
2660 
3356 

3012 

3448 
3846 
3546 

3320 

4099 
1538 


Dr.  Frankland  thus  sums  up  the  advantages  which  he  conceives  to  result  from  the 
application  of  the  hydrocarbon  process  to  coals  and  cannels. 

1.  It  greatly  increases  the  produce  in  gas  from  a  given  weight  of  coal  or  cannel, 
the  increase  being  from  46  to  290  per  cent,  according  to  the  nature  of  the  material 
operated  upon.  .  •  1  ^ 

2.  It  greatly  increases  the  total  illuminating  power  airor(.:cd  by  a  given  weight  of 
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coal,  the  increase  amounting  to  from  12  to  108  per  cent.,  being  greatest  when  coals 
affording  highly  illuminating  gases  are  used. 

3.  It  diminishes  the  quantity  of  tar  formed,  by  converting  a  portion  of  it  iuto 
gases  possessing  a  considerable  illuminating  power. 

4.  It  enables  us  profitably  to  reduce  the  illuminating  power  of  the  gases  produced 
from  such  materials  as  Boghead  and  Lesraahago  cannels,  &c.,  so  as  to  fit  them  for 
burning  without  smoke  and  loss  of  light. 

Mr.  Barlow  has  also  experimented  upon  this  process  of  gas  making  and  finds  that 
a  very  considerable  gain  in  total  ilkiniinating  power  results  from  its  use. 

Mr.  Clegg's  investigation  of  this  process  showed,  that  whilst  Wigan  Cannel 
produces  by  the  ordinary  process  of  gas  making  about  10,000  cubic  feet  of  20  candle 
gas,  per  ton  ;  16,000  cubic  feet  of  20  candle  gas,  or  26,000  cubic  feet  of  12  candle 
gas,  can  be  made  from  the  same  quantity  of  material  by  the  hydrocarbon  process. 
Also  that  by  the  application  of  the  same  process  to  Lesmahago  Cannel  36,000  cubic 
feet  of  20  candle  gas,  or  58,000  cubic  feet  of  12  candle  gas  per  ton  can  be  obtained  ; 
whilst  Boghead  Cannel  yields  52,000  cubic  feet  of  20  candle  gas,  or  75,000  cubic 
feet  of  12  candle  gas.  The  following  table  presents  in  a  condensed  form  Mr.  Clegg's 
results  as  to  comparative  cost. 


Name  of  Coal. 

Cost  of  inoo  ft.  of 
20  candle  gas  by  old 
process. 

Cost  of  1000  ft.  of 
20  ciindle  gas  by  hy- 
drocarbon process. 

Cost  of  1000  ft.  of 
12  candle  gas  by  hy- 
drocarbon proce.-s. 

Wigan  Cannel  at  14s.  per 

S.  d. 

s.  d. 

s.  d. 

ton         -      -  - 

1  9} 

0  Hi 

Lesmahago    Cannel  at 

18s.  per  ton  -  - 

2  51 

0  llj 

0  9| 

Boghead  Cannel  at  20s. 

per  ton    -       -  - 

2  4J 

0  11 

0  QJ- 

The  princi-ple  of  the  hydrocarbon  process  is  also  adopted  by  Messrs.  Lowe  and 
Evans  in  their  patent  process  for  the  manufacture  of  gas  for  illuminating  purposes 

In  carry  ing  out  this  latter  improved  manufacture  of  gas,  the  patentees  pass  gas  obtained 
from  any  of  the  sources  hereinafter  specified,  through  heated  retorts  containing  cannel 
coal,  coal,  lignite,  resin,  pitch,  tar,  oil,  retinite,  or  other  substance  or  substances  capable 
of  yielding  carburetted  hydrogen  gas  :  by  which  means  such  a  combination  of  rich  and 
poor  gases  may  be  produced  as  will  be  exactly  suited  to  the  purposes  of  illumination. 
I- or  this  purpose,  it  is  proposed  to  use  retorts,  open  at  both  ends,  as  shown  in  the  draw- 
ing given  mjig.  541,  which  represents  a  longitudinal  vertical  section  of  the  apparatus 
employed  in  carrying  out  this  part  of  the  in- 
vention.  Only  one  retort  is  exhibited;  but 
a  similar  arrangement  of  retorts  may  be 
adopted  to  that  in  general  use  in  gas  works. 
a  is  the  retort,  set  in  a  suitable  furnace  for 
heating  the  same ;  and  b  b  are  mouthpieces 
and  lids,  fitted  to  both  ends  of  the  retort,  c 
is  the  pipe  for  carrying  off  the  gaseous  pro- 
ducts generated  in  the  retort;  and  rfis  a  pipe 
for  introducing  into  the  retort  the  gas  which 
is  intended  to  mix  with  the  gaseous  pro- 
ducts of  the  substances  under  distillation  in 
the  retort.  As  soon  as  the  retort  is  charged 
with  coal  or  other  carbonaceous  matter,  a 
cock  e,  in  the  pipe  rf,  is  opened,  which  allows 
the  gas  to  flow  into  the  retort ;  and  it  then 
passes  m  the  direction  of  the  arrows,  and 
mingles  with  the  gas  that  is  evolved  from 
the  carbonaceous  matters  contained  in  the  retort:  whereby  a  compound  gas  is  formed 
possessing  a  much  higher  illuminating  power  than  could  have  been  obtS  had  tft 
Xr'"    °^i,'''''°  Pl^^«        i'lstead  of  at  the  time  of  the  generation  of  the  gas  in  tJe 


782 


COAL-GAS. 


The  sources  from  -which  the  patentees  prbpose  to  obtain  inflammable  gases,  to  be 
applied  as  above  indicated,  are  wood,  sawdust  in  a  damp  or  dry  state,  spent  tanner's 
bark,  and  other  like  substances  capable  of  yielding  ^  inflammable  gas.  These  sub- 
stances must  be  put  into  a  red-hot  retort,  and  distilled  like  coal.  The  resulting  gases 
may  be  either  purified  at  once,  or  passed  directly  to  the  retort  containing  the  coal  or 
other  carbonaceous  materials.  As  a  general  rule,  however,  these  gases  are  preferred 
to  be  stored  in  gasholders  for  use ;  as,  in  that  case,  a  more  uniform  and  constant 
supply  to  the  coal  retort  may  be  relied  on. 

Another  source  of  inflammable  gas  is  from  coal  of  an  inferior  description,  or  from 
peat.  These  substances  having  been  distilled  in  a  retort,  the  resulting  gas  can  be  then 
employed  as  above  indicated.  It  is  also  proposed  to  conduct  carbonic  oxide  gas  into 
retorts  containing  carbonaceous  matters  under  distillation.  This  gas  the  patentees 
obtain  from  carbonic  acid,  by  passing  the  latter  gas  (which  may  be  obtained  from  any 
convenient  source)  through  a  retort  or  furnace  containing  red-  or  white-hot  coke.  Or, 
they  utilise  a  portion  of  the  gases  generated  in  furnaces,  by  collecting  these  gases  and 
converting  the  carbonic  acid  they  contain  into  carbonic  oxide,  by  passing  them  through 
a  retort  or  furnace,  as  described  for  treating  carbonic  acid  ;  or  the  gases  may  be  con- 
ducted directly  into  retorts,  wherein  carburetted  hydrogen  is  being  generated,  for  the 
purpose  of  effecting  the  desired  combination.    See  Peat. 

From  the  foregoing  description,  it  will  be  understood,  that  the  object  of  this  part  of 
the  invention  is  to  obtain  gas  of  a  uniform  quality, — that  is,  possessing  a  definite 
amount  of  illuminating  power.  Now,  it  is  well  known  that  if  the  gas  be  too  rich  in 
carbon  it  will  burn  with  a  dull  flame,  and  give  off  a  large  amount  of  smoke  ;  and  that, 
if  deficient  in  carbon,  it  will  burn  with  a  blue  flame,  and  possess  very  little  illumi- 
nating power.  It  is  therefore  proposed  to  mix  the  rich  and  poor  gases,  obtained  as 
above  described,  in  such  proportions  as  will  be  needful  to  produce  a  highly  illuminating 
quality  of  gas.  As  the  proportions  will  depend  entirely  on  the  quality  of  the  gases  to 
be  combined,  no  rule  can  be  laid  down  for  the  amount  of  the  gas  required  to  be  passed 
into  the  retorts,  wherein  the  distillation  is  proceeding.  The  mode,  however,  in  which 
gas  burns  on  issuing  from  the  retort  will  be  a  suflBcient  test  for  the  workmen  in 
attendance. 

Wood  Gas. 

Attempts  were  first  made  in  France  towards  the  close  of  the  last  century  to 
manufacture  an  illuminating  gas  from  Avood.  The  Thermolamp  of  Lebon,  a  wood- 
gas  apparatus,  then  and  for  some  time  afterwards  excited  considerable  attention, 
especially  in  the  districts  of  Germany,  Sweden,  and  Russia  where  coals  are  scarce. 
This  mode  of  illumination  proved  however  to  be  a  complete  failure,  owing  to  the 
very  feeble  illuminating  power  of  the  gas  produced,  and  as  at  this  time  the  pro- 
duction of  gas  from  coal  was  rapidly  becoming  better  known,  anything  like  a 
regular  manufacture  of  wood-gas  never  in  any  case  gained  a  footing.  Subsequent 
trials  only  confirmed  the  failure  of  Lebon,  so  that  it  was  universally  considered  im- 
po'^sible  to  produce  a  practically  useful  gas  from  wood  by  the  usual  process  of  gas 
manufacture.  In  the  year  1849  Professor  Pettenkofer  of  Munich  had  occasion  to 
repeat  these  experiments,  and  he  found  that  the  gases  evolved  from  wood  at  the 
temperature  at  which  it  carbonises  consist  almost  entirely  of  carbonic  acid,  carbonic 
oxide,  and  light  cai-buretted  hydrogen ;  olefiantgas  and  the  illuminating  hydrocarbons 
being  entirely  absent.     Such  gas  was  therefore  totally  unfitted  for  illuminating 

^TheTemperature  of  boiling  quicksilver,  at  which  coal  is  not  in  the  slightest  degree 
decomposed,  is  quite  sufficient  to  carbonise  wood  completely  If  small  pieces  of 
wood  be  placed  in  a  glass  retort  half  filled  with  mercury  and  the  latter  he  heated  to 
boUing  a  black  lustrous  charcoal  is  left  in  the  retort,  whUst  gas  of  the  following  com- 
position  is  evolved : 

Carbonic  acid   ^'  ^ 

Carbonic  oxide  "^^  ^ 

Light  carburetted  hydrogen  '  " 

100  0 

If  however  the  gases  and  vapours  produced  by  the  above  experiment  be  Seated  to 

than  coal-gas.    Analyses  of  various  samples  of  such  superheated  gas  gave 
lowing  results :  — 
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Carbonic  acid  18  to  25  per  cent. 

Carbonic  oxide  .... 
Light  carburetted  hydrogen 
Hydrogen 
defiant  gas  and  "I 
hydrocarbons  J 

The  illuminating  value  of  the  hydrocarbons  was  found  to  be  one  half  greater  than 
that  of  an  equal  volume  of  defiant  gas. 

Varieties  of  wood  differing  so  much  in  character  as  pine  and  beech  were  found  to 
yield  equally  good  gas.  These  observations  prove  that  wood-gas  is  indubitably 
entitled  to  rank  amongst  illuminating  agents. 

With  regard  to  the  apparatus  employed  various  forms  have  been  contrived  so  as 
to  communicate  the  necessary  temperature  to  the  escaping  vapours :  it  has  been  how- 
ever at  length  found  that  the  ordinary  form  of  retort  furnishes  the  necessary 
conditions,  provided  it  be  not  filled  more  than  one  third  with  the  charge  of  wood. 
120  lbs.  of  the  latter,  thoroughly  dried,  constitutes  the  charge  for  one  retort.  In  1 J 
hours  the  distillation  is  complete,  the  result  being,  after  absorption  of  carbonic  acid, 
650  cubic  feet  of  gas,  which  is  perfectly  free  from  all  sulphur  and  ammonia  com- 
pounds, and  possesses,  according  to  the  numerous  experiments  of  Liebig  and 
Steinheil,  an  illuminating  power  greater  than  coal-gas  in  the  proportion  of  6  : 5 

The  following  analyses  show  the  composition  of  wood-gas  when  made  on  a  manu- 
facturing scale.  No.  1  is  a  sample  of  gas  before  purification  from  the  works  at  the 
Munich  Railway  Station,  and  No.  2  is  purified  gas,  as  supplied  to  the  town  of 
Bayreuth ;  — 

„   ,         ,  No- 1-     OlefiantGas.        No.  2.       Olefiant  Gas. 

Hydrocarbons-       -       -      6-91  =    974  7-70  =  11-93 

Light  carburetted  hydrogen  11-06         -       -  9-45 

Hydrogen       -       -       -    15  07         -       -  18-43 

Carbonic  oxide       -       -    40-59        -       -  61-79 

Carbonic  acid         -       -    2572        -       -  2-21 

Nitrogen        -       .       -     —  .       .  .^g 


99-35  100-00 


The  specific  gravity  of  the  purified  wood  gas  is  about  -700,  and  this,  coupled  with 
the  large  percentage  of  carbonic  oxide  which  it  contains,  renders  it  necessary  to 
employ  burners  with  much  larger  perforations  than  those  used  for  coal-gas  ;  in  fact 
if  wood-gas  be  consumed  at  the  rate  of  from  3  to  4  cubic  feet  per  hour  from  a  coal- 
gas  burner,  it  yields  scarcely  any  light  at  all,  whereas  if  consumed  from  a  fish-tail 
burner  with  wide  apertures,  its  illuminating  power  exceeds,  as  just  stated,  that  of  coal- 

Although  the  relative  cost  of  wood  and  coal  will  prevent  the  adoption  of  Professor 

Slip   if  '  ""^TT'  P'°''f-  ^«     '^^n  also  be  appUed  -^.hh 

like  results  to  peat,  there  is  a  high  probability  that  it  might  be  employed  with  grcc^ 

fhJtr  T  'vrr^^°A       '^P'^  ^'^°P''°°     ""^^y  German  and  SwisJ  towns  proves 
the  practicability  of  the  process  in  districts  where  wood  is  cheap.-E.  F  ^ 
COAL  NAPHTHA.    See  Naphtha  (Coal.)  ^ 

Ju'^  '^'®^'*1'  '°  from  its  ores,  is  therefore  verv 

K  1^n°^'  "'"P'^y^d  in  its  simple  state  in  any  of  the  artl^ 

but  Its  oxide  has  been  extensively  used  on  account  of  the  rich  blue  colour  which 

S  *°  S'^^^-r*^  f'"'^^  °f  P"^''^'^'"  stone-ware.  The  prTncTpal  ores  of 
cobalt  are  those  designated  by  mineralogists  under  the  names  of  arfenl  Jcobalt  l^A 
gray  cobalt    The  first  contains,  in  addition  to  cobalt,  some  arsenic  Tron  ltto,  a 

so  that  it  is  an  arreniuret    Othpr«  If     '  '  ^^  '^  '  ^^^P^^^^  0-5  ; 
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that  may  be  present ;  the  former  burning  away  in  sulphurous  acid  gas,  the  latter  being 
condensed  into  the  white  oxide,  or  arsenious  acid,  whence  chiefly  the  market  is  supplied 
with  this  article.  This  calcining  process  can  never  disengage  the  whole  of  tliese 
vohitile  ingredients,  and  there  is  therefore  a  point  beyond  which  it  is  useless  to  push 
it  ;  but  the  small  quantities  that  remain  are  not  injurious  to  the  subsequent  operations. 
The  roasted  ore  is  sifted  anew,  reduced  to  a  very  fine  powder,  and  then  mixed  with 
2  i>r  .'3  parts  of  very  pure  silicious  sand,  to  be  converted  into  what  is  called  ztijj're- 
With  this  product  glasses  are  generally  coloured  blue,  as  well  as  enamels  and  pottery 
glaze.  In  the  works  where  cobalt  ores  are  treated,  a  blue  glass  is  prepared  with  the 
zatfre,  which  is  well  known  under  the  name  of  smalt  or  azure  blue.  This  azure  is 
made  by  adding  to  the  zafFre  2  or  3  parts  of  potash,  according  to  its  richness  in  cobalt, 
and  melting  the  mixture  in  earthen  crucibles.  The  fused  mass  is  thrown  out  while 
hot  into  water;  and  is  afterwards  triturated  and  levigated  in  mills  mounted  for  the 
purpose.  There  remains  at  the  bottom  of  the  earthen  pot  a  metallic  lump,  which 
contains  a  little  cobalt,  much  nickel,  arsenic,  iron,  &c.    This  is  called  speiss. 

As  it  is  the  oxide  of  cobalt  which  has  the  colouring  quality,  the  calcination  serves 
the  purpose  of  oxidisement,  as  well  as  of  expelling  the  foreign  matters. 

A  finer  cobalt  oxide  is  procured  for  painting  upon  hard  porcelain,  by  boiling  the 
cobalt  ore  in  nitric  acid,  which  converts  the  arsenic  into  an  acid,  and  combines  it  with 
the  different  metals  present  in  the  mineral.  These  arseniates  being  unequally  soluble 
in  nitric  acid,  may  be  separated  in  succession  by  a  cautious  addition  of  carbonate  of 
goda  or  potash  ;  and  the  arseniate  of  cobalt,  as  the  most  soluble,  remains  uualfected. 
It  has  a  rose  colour  ;  and  is  easily  distinguishable,  whence  the  precipitation  may  be 
stopped  at  the  proper  point.  The  above  solution  should  be  much  diluted,  and  the 
alkali  should  be  cautiously  added  with  frequent  agitation. 

The  cobalt  ores  rich  in  nickel  were  formerly  exposed  to  slow  oxidisement  in  the 
air,  whereby  the  iron,  cobalt,  arsenic,  and  sulphur  get  oxygenated  by  the  atmospheric 
moisture,  but  the  nickel  continues  in  the  metallic  state.  This  action  of  the  weather 
was  not  extended  beyond  a  year,  otherwise  the  nickel  became  affected,  and  injured 
the  cobalt  blue.  For  a  description  of  the  mode  of  separating  nickel  from  cobalt  now 
adopted  in  this  country,  see  Nickel   Fig.  542  is  a  longitudinal  section  of  the  furnace 

employed  in  the  metallurgy  of  co- 
balt, and  fig.  543  a  horizontal 
section  upon  a  level  with  the  sole 
of  the  hearth.  It  is  constructed  for 
wood  fuel,  and  the  hearth  is  com- 
posed of  fire-bricks  or  tiles.  The 
vapours  and  gases  disengaged  in  the 
roasting,  pass  off  through  the  flues 
(I  a,  into  the  channels  b  b,  and  thence 
by  c  into  the  common  vent,  or 
poison  chamber.  The  flues  are 
cleared  out  by  means  of  opening-s 
left  at  suitable  situations  in  the 
brick -work  of  the  chimneys. 

The  azure  manufacture  is  carried 
on  chiefly  in  winter,  in  order  that 
the  external  cold  may  favour  the 
more  complete  condensation  of  the 
acids  of  arsenic.    From  3  to  5  cwt. 
of  Schlich  (pasty  ore)  are  roasted 
at  one  operation,  and  its  bed  is  laid 
from  5  to  6  inches  thick.  After  two 
hours  it  must  be  turned  over;  and 
33^za2Srf.       the  stirring  must  be  repeated  every 
^«         half  hour,  till  no  more  arsenic  is 
^^^W  observed  to  exhale.    The  process 
being  then  finished,  the  ore  must  be 


The  roasted  oar  must 


snmur  in  uerman,  anu  i.->  man  rr\        ,o,.;.jt;nQ  m-n 

F  S,  fine  ;  O  S,  ordinary  ;  and  M  S,  middling.    These  varieties  pio 
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mixtures  of  the  calcined  ores.  The  roasted  ore  is  ground  up  along  with  sand, 
elutriated,  and,  when  drj',  is  called  :a  ffre.  It  is  then  mixed  with  a  sufficient  quantity 
of  potash  for  converting  the  mixture  into  glass. 

Figs.  544  and  545  represent  a 
round  smalt  furnace,  in  two  vertical 
sections,  at  right  angles  to  each 
other.  The  fire-place  is  vaulted  or 
arched  ;  the  flame  orifice  a,  is  in  the 
middle  of  the  furnace  ;  b  is  the  feed 
hole  ;  c,  a  funnel  which  serves  as  an 
ash-pit,  and  to  supply  air;  d,  open- 
ings through  whicli  the  air  arrives 
at  the  fuel,  the  wood  being  placed 
upon  the  vault ;  e,  knee  holes  for 
taking  out  the  scorise  from  the  pot 
bottoms ;  /,  working  orifices,  with 
cast-iron  plates  g,  in  front  of  them. 
Under  these  are  the  additional  out- 
lets h.  The  smoke  and  flame  pass 
off  through  the  orifices  i,  which  ter- 
minate in  expanded  flues,  where  the 
sand  may  be  calcined  or  the  wood 
may  be  baked.  Eight  hours  are 
suSicient  for  one  vitrifying  opera- 
tion, during  which  the  glass  is 
stirred  about  several  times  in  the 
earthen  melting  pots. 

The  preparation  of  the  different 
shades  of  blue  glass  are  considered 
as  secrets  in  the  smelting  works; 
and  they  are  marked  with  the  fol- 
lowing letters : — F  F  F  C,  the  finest ; 
F  C,  fine  ;  M  C,  middling  ;  O  C, 
ordinary.  A  melting  fwnace,  con- 
taining 8  pots  of  glass,  produces  in 
24  hours,  from  24  cwts.  of  the  mix- 
ture, 19  cwts.  of  blue  glass,  and 
from  ^  to  f  cwt.  of  scoriae  or  speiss 
(speise).  The  composition  of  speiss 
according  to  Berthier,  is,— nickel,  48-9;  arsenic,  39-0;  sulphur,  7'8  :  copper,  1-6  • 
cobalt,  3-2  m  100.  Nickel,  arsenic,  and  sulphur  are  its  essential  constituents ;  the 
rest  are  accidental  and  often  absent.  The  freer  the  cobalt  ore  is  from  foreign 
metals,  the  finer  is  the  colour,  and  the  deeper  is  the  shade;  paler  tints  are  easily 
obtained  by  dilution  with  more  glass.    The  presence  of  nickel  gives  a  violet  tone 

Ihe  production  of  smalt  in  the  Prussian  states  amounted,  in  1830,  to  7452^-  cwts  • 
and,  in  Saxony,  to  9697  cwts,;  in  1825,  to  12,310  cwts.  ' 

The  following  is  one  process  for  making  smalt.  The  ore  of  cobalt  is  to  be  reduced 
to  very  fine  powder,  and  then  roasted  with  much  care.  One  part,  by  weight,  is  next 
to  be  introduced,  in  successive  small  portions,  into  an  iron  vessel,  iu  which  three 
parts  of  acid  su  phate  of  potash  has  been  previously  fused,  at  a  moderate  temperature, 
ihe  mixture  at  first  fluid,  soon  becomes  thick  and  firm,  when  the  fire  is  to  be  in- 
creased, unti  the  mass  is  in  perfect  fusion,  and  all  white  vapours  have  ceased  It  is 
wi^b  Z^ri^  *f  the  crucible  with  an  iron  ladle,  the  crucible  is  to  be  recharged 

TscLs     'rh''  /''f  ^''■'^  ll^e  operation  continued  as  before,  until  the  vessel  is 

useless     1  he  fused  mass  contains  sulphate  of  cobalt,  neutral  sulphate  of  potash  and 

ves:r':i?£rat;7'.'^"''"''fi°''''-  V^Wevis^i,  and  boiled'in  an  iron 

«r      i7  •  1,    T^-  '  ^"^^^"^  continues  rough  to  the  touch.    The  white 

Hp/5r''^«^'*'-''''''^"^'"^'^y^^^'°^e'i  to  separate  from  the  solution  either  bv 
deposition  or  filtration.  Carbonate  of  potash,  free  from  silica  is  thpn  t  L  5 
to  the  solution,  and  the  carbonate  of  cobalt  th  own  doTn     to  be  separated  and  w1 
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if  tliat  metal  exists  iu  the  ore,  but  it  is  easily  separated  by  the  known  metliods.  Some- 
times sulphuretted  hydrogen  will  produce  a  yellow  brown  precipitate  in  the  solution 
of  the  fused  mass  ;  this,  however,  contains  no  ar^-nic,  but  is  either  sulphuret  of 
antimony  or  bisnmth,  or  a  mixture  of  both. 

It  has  been  found  advantageous  to  add  to  the  fused  mass,  sulphate  of  iron,  calcined 
to  redness,  and  one-tenth  of  nitre  when  the  residue  is  arseniate  of  iron  and  contains 
no  arseniate  of  cobalt.  There  is  then  no  occasion  to  act  upon  the  residue  a  second 
time  for  the  cobalt  in  it. 

This  process  is  founded  on  the  circumstances  that  the  sulphate  of  cobalt  is  not 
decomposed  by  a  red  heat,  and  that  the  arseniates  of  iron  and  cobalt  are  insoluble 
in  all  neutral  liquids.  It  is  quite  evident  that,  to  obtain  a  perfect  result,  the  excess 
of  acid  in  the  bisulphate  of  potash  must  be  completely  driven  off  by  the  red  heat 
applied. 

202,580  lbs.  of  smalts  were  imported  into  the  United  Kingdom  in  1844,  and  125,653 
were  retained  for  home  consumption. 

In  1844,  474,656  lbs.  of  zafFres  were  imported,  and  481,936  are  stated  to  have  been 
retained  for  home  consumption. 

In  1856  we  imported  of  cobalt  ore,  428  tons,  and  of  oxide  of  cobalt,  34  tons. 

COBALT  BLUE,  or  THEN  ARB'S  BLUE  is  prepared  by  precipitating  a  solution 
of  stilphate  or  nitrate  of  cobalt  by  phosphate  of  potash,  and  adding  to  the  resulting 
gelatinous  deposit  from  three  to  four  times  its  volume  of  freshly  deposited  alumina, 
obtained  by  the  addition  of  carbonate  of  soda  to  a  solution  of  common  alum.  This 
mixture,  after  being  well  dried  and  calcined  in  a  crucible,  affords,  when  properly 
ground,  a  beautiful  blue  pigment. 

COCCULUS  INDICUS,  or  Indian  berry,  is  the  fruit  of  the  Menispermum  coc- 
cuius,  a  large  tree,  which  grows  upon  the  coasts  of  Malabar,  Ceylon,  &c.  The  fruit 
is  blackish,  and  of  the  size  of  a  large  pea.  It  owes  its  narcotic  and  poisonous  qualities 
to  the  vegeto-alkaline  chemical  principle  called  picrotoxia,  of  which  it  contains  about 
one-fiftieth  part  of  its  weight.  It  is  sometimes  thrown  into  waters  to  intoxicate  or 
kill  fishes  ;  and  it  is  said  to  have  been  employed  to  increase  the  inebriating  qualities 
of  ale  or  beer.  Its  use  for  this  purpose  is  prohibited  by  act  of  parliament,  under  a 
penalty  of  200Z.  upon  the  brewer,  and  500/.  upon  the  seller  of  the  drug. 

However,  Dr.  Pereira  states,  "  I  am  not  acquainted  with  any  ofiicial  returns  of  the 
quantity  annually  brought  over.  From  a  druggist's  private  books  I  find  tha.t  in  1834 
above  2500  bags  entered— and  this  probably  is  much  below  the  quantity  imported. 
The  greater  part  is  consumed  for  illegal  practices— principally  for  adulteratmg  beer 
and  ale."  Morrice,  in  his  treatise  on  brewing,  directs  that  in  the  manufacture  of 
porter,  three  pounds  of  cocculus  indicus  should  be  added  to  every  ten  quarterns  of 
malt  "  It  gives,"  says  he,  "  an  inebriating  quality  which  passes  for  strength  of 
liquor ;  "  and  he  adds,  "  that  it  prevents  the  second  fermentation  in  bottled  beer,  and 
consequently  the  bursting  of  the  bottles  in  warm  climates." 

The  Editor  of  this  work  had  a  fluid  extract,  the  name  of  which  was  unknown  to 
the  custom-house  officers,  submitted  to  him  some  years  since  This  was  an 
extract  of  this  deleterious  drug,  of  which  a  very  large  quantity  was  then  in  the  London 

"^"The  powder  of  the  berries  mixed  with  lard  is  used  to  destroy  pediculi :  hence  the 
Germans  call  those  gi-ains  Ldvsekorner,  or  lousegrains. 

COCHINEAL.  {  CochenUle,  Fr.;  Kochenaie,  Germ.)  Cochineal  was  taken  in  Europe 
for  a  seed,  but  was  proved  by  Leeuwenhoeck  to  be  an  insect,  the  female  of  that  species 
of  shield- louse,  or  coccus,  discovered  in  Mexico  so  long  ago  as  1518.  It  is  brought  to 
S  from  iTxico,  where  the  animal  lives  upon  the  cactus  opuntza  or  nopal  Two  sorts  of 
Ub  iioui  j.rj.cj>.iuu,  ""1-  V-    1   „„ii„^  v,,  tVio  Sn-inioh  name.  armM 


rochTneairre  gathered-the  -M,  from  the  woo^,  called  by  the  ^^^^  .-a 


'"'r^L  cXur  and  isrfTnfe^^^^^^  But  these  dis- 

Xttafestre";^^^^^^^ 

eas'?^  and  less  expensively;  partly  by  the  effect  of  its  down,  which  enables  it  better 
*°  SU^cThtiS  when  it  is  bred  upon  the  field  nopal  loses  in  part  the  tenacity 
-JnrtirthSr^M^^at^ 

bordering  on  purple.     Ibe  grey  is  owing  w  m^,  v  „,,rnip  shade  ar  ses  from 

and  of  which  a  little  adheres;  so  also  \''^?^y  f'^' ^^Jf,  I  '  with 
the  colour  extracted  by  the  water  in  which  they  were  kUled.   It  is 
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parallel  furrows  across  its  back,  which  are  intersected  in  the  middle  by  a  longitudinal 
one ;  hence,  when  viewed  by  a  magnifier,  or  even  a  sharp  naked  eye,  especially  after 
being  swollen  by  soaking  for  a  little  in  water,  it  is  easily  distinguished  from  the 
factitious,  smooth,  glistening,  black  grains,  of  no  value,  called  East  India  cochineal, 
with  which  it  is  often  shamefully  adulterated  by  certain  London  merchants.  The 
genuine  cochineal  has  the  shape  of  an  egg,  bisected  through  its  long  axis,  or  of  a 
tortoise,  being  rounded  like  a  shield  upon  the  back,  flat  upon  the  belly,  and  without 
wings. 

These  female  insects  are  gathered  off  the  leaves  of  the  nopal  plant  after  it  has 
ripened  its  fruit,  a  few  only  being  left  for  brood,  and  are  killed,  either  by  a  momentary 
immersion  in  boiling  water,  by  drying  upon  heated  plates,  or  in  ovens:  the  last  become 
of  an  ash-grey  colour,  constituting  the  silver  cochineal,  or  jaspeada  ;  the  second  are 
blackish,  called  negra,  and  are  most  esteemed,  being  probably  driest ;  the  first  are 
reddish  brown,  and  reckoned  inferior  to  the  other  two.  The  dry  cochineal  being 
sifted,  the  dust,  with  the  imperfect  insects  and  fragments  which  pass  through,  are  sold 
under  the  name  oi  graniUo.  Cochineal  keeps  for  a  long  time  in  a  dry  place.  Hellot 
says  that  he  has  tried  some  130  years  old,  which  produced  the  same  effect  as  new 
cochineal. 

We  are  indebted  to  MM.  Pelletier  and  Caventou  for  a  chemical  investigation  of 
cochineal,  in  which  its  colouring  matter  was  skilfully  eliminated. 

Purified  sulphuric  ether  acquired  by  digestion  with  it  a  golden-yellow  colour, 
amounting  according  to  Dr.  John  to  one-tenth  of  the  weight  of  the  insect.  This 
infusion  left,  on  evaporation,  a  fatty  wax  of  the  same  colour. 

Cochineal,  exhausted  by  ether,  was  treated  with  alcohol  at  40°  B.  After  30 
infusions  in  the  digester  of  M.  Chevreul,  the  cochineal  continued  to  retain  colour, 
although  the  alcohol  had  ceased  to  have  any  effect  on  it.  The  first  alcoholic  liquors 
were  of  a  red  verging  on  yellow.  On  cooling,  they  let  fall  a  granular  matter.  By 
spontaneous  evaporation,  this  matter,  of  a  fine  red  colour,  separated,  assuming  more 
of  the  crystalline  appearance.  These  species  of  crystals  dissolved  entirely  in  water, 
which  they  tinged  of  a  yellowish-red. 

This  matter  has  a  very  brilliant  purple-red  colour  ;  it  adheres  strongly  to  the  sides 
of  the  vessels  ;  it  has  a  granular  and  somewhat  crystalline  aspect,  very  different,  how- 
ever, from  those  compound  crystals  alluded  to  above  ;  it  is  not  altered  by  the  air,  nor 
does  it  sensibly  attract  moisture.  Exposed  to  the  action  of  heat,  it  melts  at  about  the 
fiftieth  degree  Centigrade  (122°  Fahr.).  At  a  higher  temperature  it  swells  up,  and 
IS  decomposed  with  the  production  of  carburetted  hydrogen,  much  oil,  and  a  small 
quantity  of  water,  very  slightly  acidulous.  No  trace  of  ammonia  was  found  in  these 
products.  ' 

The  colouring  principle  of  cochineal  is  very  soluble  in  water.  By  evaporation, 
the  liquid  assumes  the  appearance  of  syrup,  but  never  yields  crystals.  It  requires 
of  this  matter  a  proportion  almost  imponderable  to  give  a  perceptible  tinge  of  bright 
purplish  red  to  a  large  body  of  water.  Alcohol  dissolves  this  colouring  substance 
but,  as  we  have  already  stated,  the  more  highly  it  is  rectified  the  less  of  it  does  it 
dissolve.  Sulphuric  ether  does  not  dissolve  the  colouring  principle  of  cochineal  •  but 
weak  acids  do,  possibly  owing  to  their  water  of  dilution.  No  acid  precipitates  'it  in 
its  pure  state.  This  colouring  principle,  however,  appears  to  be  precipitable  by  all 
the  acids  when  it  is  accompanied  by  the  animal  matter  of  the  cochineal. 

The  affinity  of  alumina  for  the  colouring  matter  is  very  remarkable.  When  that 
earth,  newly  precipitated,  is  put  into  a  watery  solution  of  the  colouring  principle 
this  IS  immediately  seized  by  the  alumina.  The  water  becomes  colourless,  and  a  fine 
red  lake  is  obtained,  if  we  operate  at  the  temperature  of  the  atmosphere  ;  but  if  the 
liquor  iias  been  hot,  the  colour  passes  to  crimson,  and  the  shade  becomes  more  and 
threbiluSn^^''*''"*^"^^"*''^^^^"'^*^"''  temperature,  and  the  continuance  of 

actTon^  ^^tVI  upon  the  colouring  matter  of  cochineal  a  remarkable 

Houid     ?his  ^IT^,  f  "''"'"^^  "^^y  ''''"^'^^'^t  precipitate  in  the 

ThP      J      Pjecipitate  verges  on  crimson,  if  the  salt  contains  an  excess  of  acid 

scJrIe™if':lT*''  °^*'^P'°f«««  '^o  precipitate,  but  changes  the  colour  to 
thf.f  J  ;  gelatinous  alumina  he  now  added,  we  obtain  a  fine  red  precinitate 
which  does  not  pass  to  crimson  by  boiling.  precipitate, 

>,,J=°  tj^f  colouring  principle  the  name  carminic  acid  has  been  given  It  forms  th^ 
basis  of  the  beautiful  pigment  called  carmine.     A  very  complete  examihation^f  th! 
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remained,  amounting  to  about  one-tenth  of  the  matter  employed,  and  which  was  found 
to  bo  alumina.  Other  quantities  of  carmine  were  treated  with  a  solution  of  caustic 
potash  which  completely  dissolved  them,  with  the  exception  of  a  line  red  powder, 
not  acted  on  by  potash  and  concentrated  acid,  and  ^hich  was  recognised  to  be  red 
sulphuret  of  mercury,  or  vermilion.  This  matter,  evidently  foreign  to  the  carmiue, 
appears  to  have  been  added,  in  order  to  increase  its  weight. 

The  preceding  observations  and  experiments  seem  calculated  to  throw  some  light 
on  the  art  of  dyeing  scarlet  and  crimson.  The  former  is  effected  by  employing  a 
cochineal  bath,  to  which  there  have  been  added,  in  determinate  proportions,  acidulous 
tartrate  of  potash,  and  nitro-muriatic  deutoxide  of  tin.  The  effect  of  these  two  salts 
is  now  well  known.  The  former,  in  consequence  of  its  excess  of  acid,  tends  to 
redden  the  colour,  and  to  precipitate  it  along  with  the  animal  matter;  the  latter  acts 
in  the  same  manner,  at  first  by  its  excess  of  acid,  then  by  the  oxide  of  tin  which 
falls  down  also  with  the  carmine  and  animal  matter  and  is  fixed  on  the  wool,  with 
which  it  has  of  itself  a  strong  tendency  to  combine.  MM.  Pelletier  and  Caventou 
remark,  that  "  to  obtain  a  beautiful  shade,  the  muriate  of  tin  ought  to  be  entirely  at 
the  maximum  of  oxidisement  ;  and  it  is  in  reality  in  this  state  that  it  must  exist  in 
the  solution  of  tin  prepared  according  to  the  proportions  prescribed  in  M.  Berthollet's 
treatise  on  dyeing." 

We  hence  see  why,  in  dyeing  scarlet,  the  employment  of  alum  is  carefully  avoidi  d, 
as  this  salt  tends  to  convert  the  shade  to  a  crimson.  The  presence  of  an  alkali  would 
seem  less  to  be  feared.  The  alkali  would  occasion,  no  doubt,  a  crimson-coloured 
bath  ;  but  it  would  be  easy  in  this  case  to  restore  the  colour,  by  using  a  large  quantity 
of  tartar.  We  should,  therefore,  procure  the  advantage  of  having  a  bath  better 
charged  with  colouring  matter  and  animal  substance.  It  is  for  experience  on  the 
large  scale  to  determine  this  point.  As  to  the  earthy  salts,  they  must  be  carefully 
avoided. 

To  obtain  crimson,  it  is  suiBcient,  as  we  know,  to  add  alum  to  the  cochineal  bath, 
or  to  boil  the  scarlet  cloth  in  alum  water.  It  is  also  proper  to  diminish  the  dose  of 
the  salt  of  tin,  since  it  is  found  to  counteract  the  action  of  the  alum. 

The  alkalies  ought  to  be  rejected  as  a  means  of  changing  scarlet  to  crimson.  In 
fact,  crimsons  by  this  process  cannot  be  permanent  colours,  as  they  pass  into  red  by 
the  action  of  acids.  .  ,   ,  , 

According  to  M.  Von  Grotthuss,  carmine  may  be  deprived  of  its  golden  shade  by 
ammonia,  and  subsequent  treatment  with  acetic  acid  and  alcohol.  Since  this  fact 
was  made  known,  M.  Herschel,  colour  maker  at  Halle,  has  prepiired  a  most  beautiful 

carmine.  ,  .      .  .       i.   j  i 

The  officers  of  Her  Majesty's  Customs  detected  some  time  since  a  system  ot  adul- 
terating cochineal,  which  had  been  practised  for  many  years  upon  a  prodigious  scale 
•by  a  mercantile  house  in  London.  Dr.  Ure  stated  that  he  had  analysed  about  100 
•Siunples  of  such  cochineal,  from  which  it  appears  that  the  genuine  article  is  moistened 
with  gum  water,  agitated  in  a  box  or  leather  bag,  first,  with  sulphate  of  baryta  in 
fine  powder,  afterwards  with  bone  or  ivory  black,  to.  give  it  the  appearance  ot  negra 
cochineal,  and  then  dried.  By  this  means  about  12  per  cent,  of  worthless  heavy  spar 
is  sold  at  the  price  of  cochineal,  to  the  enrichment  of  the  sophisticators,  and  the  dis- 
grace and  injury  of  British  trade  and  manufactures.  ,  ,    ^  i  vi. 

The  snecific  gravity  of  genuine  cochineal  is  1-25;  that  of  the  cochineal  loaded  with 
the  barvtic  sulphate,  1-35.  This  was  taken  in  oil  of  turpentine,  and  reduced  to  water 
as  unity,  because  the  waxy  fat  of  the  insects  prevents  the  intimate  contact  of  the 
Ltter  liquid  with  them,  and  the  ready  expulsion  of  air  from  their  wrinkled  surface. 
They  a?e  not  at  all  acted  upon  by  the  oil,  but  are  rapidly  altered  by  water,  especially 
when  thev  have  been  gummed  and  barytified.  _        .  ■,  •  ^  t- 

HumboWt  states  that  so  long  ago  as  the  year  3  736,  there  was  imported  into  Europe 
from  South  America  cochineal  to  the  value  of  1 5  millions  of  francs  Its  high  price 
haTforTlongtime  induced  dyers  to  look  out  for  cheaper  substitutes  m  dyemg  red 
and  since  science  has  introduced  so  many  improvements  in  tinctorial  processes,  both 
madder  and  lac  have  been  made  to  supersede  cochineal  to  a  very  great  extent. 

Tn  order  to  ascertain  the  value  of  cochineal  for  dyeing  we  must  have  recourse  to 
oomnSve  experiments.    We  are  indebted  to  MM.  Robiquet  and  Anthon  for  two 

i  "/  ■fh  °S  °s'  o"^  a.  Antl  on  t  Landed  on  \o  properly  wl.icl.  ,1,0 

si'drr^r—^^^^^^^^^ 
r„arro;rrtp..;«r.s;°rnor;^^^^^ 
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first  place,  it  is  difficult  to  procure  perfectly  identical  solutions;  in  the  next  place,  it  is 
impossible  to  keep  them  a  long  time  without  alteration.  "We  know  that  chlorine 
dissolved  in  water  reacts,  even  in  difTused  liglit,  on  this  liquid;  decomposes  it,  appro- 
priates its  elements,  and  gives  rise  to  some  compounds  which  possess  an  action  quite 
different  from  that  of  the  chlorine  solution  in  its  primitive  state.  The  second  process 
seems  to  us  to  be  preferable,  as  the  proof  liquor  may  be  kept  a  long  while  without 
alteration.  A  graduated  tube  is  also  used;  each  division  represents  one-hundredth  of 
the  colouring  matter,  'f'hus  the  quantity  of  proof  liquor  added  exactly  represents 
the  quantity  in  hundredths  of  colouring  matter  contained  in  the  decoction  of  cochineal 
which  has  been  submitted  to  examination.  The  following  remarks  from  a  practical 
dyer  are  valuable. 

"  The  colouring  matter  of  cochineal  being  soluble  in  water,  I  have  used  this  solvent 
for  exhausting  the  different  kinds  which  I  have  submitted  to  examination  in  the 
colourimeter.  I  operated  in  the  following  manner:  —  I  took  a  grain  of  each  of  the 
cochineals  to  be  tried,  dried  at  1220  Fabr.;  I  submitted  them  five  consecutive  times  to 
the  action  of  200  grains  of  distilled  water  at  water-bath  heat,  each  time  for  an  hour  ; 
for  every  200  grains  of  distilled  water  I  added  two  drops  of  a  concentrated  solution  of 
acid  sulphate  of  alumina  and  of  potash.  This  addition  is  necessary  to  obtain  the 
decociions  of  the  different  cochineals  exactly  of  the  same  tint,  in  order  to  be  able  to 
compare  the  intensity  of  the  tints  in  the  colourimeter.  * 

"  In  order  to  estimate  a  cochineal  in  the  colourimeter,  two  solutions,  obtained  as 
described  above,  are  taken  ;  some  of  these  solutions  are  introduced  into  the  colouri- 
metric  tubes  as  far  as  zero  of  the  scale,  which  is  equivalent  to  100  parts  of  the  superior 
scale  ;  these  tubes  are  placed  in  the  box,  and  the  tint  of  the  liquids  enclosed  is  com- 
pared by  looking  at  the  two  tubes  through  the  eye-hole;  the  box  being  placed  so  that 
the  light  falls  exactly  on  the  extremity  where  the  tubes  are.  If  a  difference  of  tint 
is  observed  between  the  two  liquors,  water  is  added  to  the  darkest  (which  is  always 
that  of  the  cochineal  taken  as  type)  until  the  tubes  appear  of  the  same  tint.f 

"  The  number  of  parts  of  liquor  which  are  contained  in  the  tube  to  which  water  has 
been  added  is  then  read  off ;  this  number,  compared  with  the  volume  of  the  liquor 
contained  in  the  other  tube,  a  volume  which  has  not  been  changed,  and  is  equal  to 
100,  indicates  the  relation  between  the  colouring  power  and  the  relative  quality  of  the 
two  cochineals.  And  if,  for  example,  60  parts  of  water  must  be  added  to  the  liquor 
of  good  cochmeal,  to  bring  it  to  the  same  tint  as  the  other,  the  relation  of  volume 
of  the  liquids  contamed  in  the  tubes  will  be  in  the  case  as  160  is  to  100  and  the 
relative  quality  of  the  cochineals  will  be  represented  by  the  same  relation,  since  the 
quality  of  the  samples  tried  is  in  proportion  to  their  colouring  power."— (iVauie;-  ) 
In  1856  we  imported  cochineal  in  the  quantities  given  from  the  following  places  :  — 

Computed  real  value. 
-       -       -  -£10,752 


Holland  -  -  -  506 
France      -       -       -  421 


8,941 


Canary  Islands  -       -  6,432        -       -       .       .  iso'g;; 

-  36,'634 

-  9,906 
3,968 


Mexico     ...  1^724 

Central  America        -  466 

Peru-       -       -       -  187 

British  West  Indies    -  134  ...  o  85- 

Honduras  -       -       -  8,106  ...       I  i7g;9i; 

Other  parts       -       -  147  -       -       .       -     3  116 


18,123  £391,661 

1  "^^l  from  Guatemala  consist  principaUy  of  cochineal,  the  staple  and 

almost  the  only  article  of  exportation  for  a  number  of  years  past.  It  is  chieflv  nro 
duced  m  Old  Guatemala,  nine  leagues  distant  from  Guatemala,  and  also  in  iSelkn 
Sd  InJ^n'^^"''  ^TT'-  ■  °f  i«  «>ibje;t  to  so  many  ^cc  dente 

longer  t„„  b.  .ufferea  ,„  „(       cou^t^- «  S  ita 


pot 


3  E  3 


790 


COCOA-NUT  OIL. 


of  Tenei'ilfe,  aud  other  parts  of  tlic  world,  -where  it  is  now  begiuniug  to  be  cultivated 
with  success;  aud,  should  tliis  happen,  it  would,  tend  to  diminish  the  trade  of  this 
country  with  England.  The  following  is  a  statement  >5f  the  exports  of  cochineal  frun» 
this  colony;  — 

1851    1,231,610 

1852  -       -       -   567,000 

1853  -   312,700 

1854  -       -  ,-  1,757,300 

1855    1,204,510 

(  Consul's  Report ) 

COCK-METAL.  An  inferior  metal ;  a  mixture  of  copper  and  lead  used  for 
making  cocks.    See  Alloy. 

COCOA.  A  well  known  preparation  from  the  seeds  {nuclei  cacao")  of  the  Thco- 
hroma  cacao.  It  is  stated  to  be  made  from  the  fragments  of  the  seed  coats  mixed 
with  portions  of  the  kernels. 

COCOA-NUTS.  {Noix  de  Coco,Vv.;  Cocosnusz,  Germ.)  The  cocoa-nut  tree  (cocos 
vucifera')  is  a  native  of  tropical  climates.  It  is  one  of  the  most  important  and  va- 
luable of  the  palms.  Imports.  —  Number  of  Cocoa-nuts,  1,879,388;  computed  real 
value,  £11,903. 

COCO  A-N  UT  OIL  Cocoa-nut  oil  is  obtained  by  two  processes, — one  is  by  pressure, 
the  other  by  boiling  the  bruised  nut  and  skimming  off  the  oil  as  it  forms  on  the  surface. 

It  is  a  white  solid  having  a  peculiar  odour.  It  fuses  a  little  above  70°  Fahr. ;  becomes 
readily  rancid,  and  dissolves  easily  in  alcohol.  It  consists  of  a  solid  fat  called  cncin  or 
cocinine  (a  combination  of  glycerine  and  cocinic,  or  coco-stearic  acid),  C''"Ii-''0'  +  2H0; 
or,  according  to  Richardson,  C-'ir^Qs  ^  Aq,  and  of  a  liquid  fat  or  oleiue.  Cocoa-nut 
oil  is  used  in  the  manufacture  of  soap  and  candles. 

Mr.  Soames  obtained  a  patent  in  September,  1829,  for  making  stearine  and  elaine 
by  the  following  process :  — 

lie  takes  the  substance  called  cocoa-nut  oil,  in  the  state  of  lard,  in  which  it  is 
imported  into  this  country,  and  submits  it  to  a  strong  hydraulic  pressure,  having  made 
it  up  in  small  packages,  3  or  4  inches  wide,  2  feet  long,  and  1  or  1^  inch  thick. 
These  packages  are  formed  by  first  wrapping  up  the  said  substance  in  a  strong  linen 
cloth,  of  close  texture,  and  then  in  an  outward  wrapper  of  strong  sail  cloth.  The 
packages  are  to  be  placed  side  by  side,  in  single  rows,  between  the  plates  of  the  press, 
allowing  a  small  space  between  the  packages  for  the  escape  of  the  elaine. 

The  temperature  at  which  the  pressure  is  begun,  should  be  from  about  50°  to  55°,  or 
in  summer  as  nearly  at  this  pitch  as  can  be  obtained,  and  the  packages  of  the  said  sub- 
stance intended  for  pressure  should  be  exposed  for  several  hours  previously  to  about 
the  same  temperature.  When  the  packages  will  no  longer  yield  their  oil  or  elame 
freely  at  this  temperature,  it  is  to  be  gradually  raised ;  but  it  must  at  no  time  exceed 
65°,  and  the  lower  the  temperature  at  which  the  separation  can  be  effected,  the  better 
will  be  the  quality  of  the  oil  expressed.  ,        .„  . 

When  the  packages  are  sufficiently  pressed,  that  is,  when  they  will  give  out  no 
more  oil,  or  yield  it  only  in  drops  at  long  intervals,  the  residuum  m  them  is  to  be 
taken  out  and  cleansed  and  purified,  which  is  done  by  melting  it  m  a  well-tmncd 
copper  vessel,  which  is  fixed  in  an  outer  vessel,  havingavacant  space  between,  closed  at 
the  top,  into  which  steam  is  admitted,  and  the  heat  is  kept  up  moderately  for  a  sufficient 
time  to  allow  the  impurities  to  subside  ;  but  if  a  still  higher  degree  of  purity  is  required, 
it  is  necessary  to  pass  it  through  filters  of  thick  flannel  hned  with  blotting  paper. 

Having  been 
are  made  by  the  ( 

second  product,  as  foUo.-s:  that  is  to 
say?he  purifies  it  by  an  admixture,  according  to  the  degree  ot  its  ^^PP^^^^^i^f  •. 
from  1  to  2  uer  cent,  by  weight  of  the  sulphuric  acid  of  commerce  of  about  1  80 
Sfic  gravity!  diluted  w^ith  six  times  its  weight  of  water.  The  whole  is  then  to  be 
violentl/agi  ated  by  mechanical  means,  and  he  prefers  for  this  pur,K,se  the  use  of  a 
;  ssd  consiucted  o'n  the  principle  of  a  common  barrel  churm  ^  -ffi- 
an-itafed  it  will  have  a  dirty  whitish  appearance,  aud  is  then  to  be  drawn  ott  into 
Shervesle  in  which  it  is  to  be  allowed  to  settle,  and  any  scum  that  rises  is  to  be 
rlVtaSn  off    In  a  day  or  two  the  impurities  will  be  deposited  at  the  bot  om  of 

SLk  ^ss  t^^::":^^^^^^^  ^ 

qucruly  no  product  had  heretofore  been  obtained  thereby  from  th.it  substance  nt 


COFFEE. 


791 


being  manufactured  into  candles  in  the  ordinary  way,  or  for  being  refined  by  any  of 
the  usual  modes,  so  as  to  burn  in  ordinary  lamps,  both  -which  objects  are  attamed  by 
this  method  of  preparing  or  manufacturing  the  said  substance. 

Candles  well  made  from  the  above  material  are  a  very  superior  article.  The  light 
produced  is  more  brilliant  than  from  the  same  sized  candle  made  of  tallow;  the  flame  is 
perfectly  colourless,  and  the  wick  remains  free  from  cinder,  or  any  degree  of  foulness 
during  combustion.    See  Candles.    Elaine.  Stearine. 

COD.    A  fish  belonging  to  the  family  of  Gadidm. 

In  1854  it  was  calculated  that  the  take  in  Scotland  of  cod  and  ling  amounted  to 
3,523.269  individuals,  of  which  1,385,699  were  from  the  Shetland  Islands.  109,684 
cod  were  cured  dried,  and  6166  barrels  were  cured  in  pickle;  whilst  58,042  cod  were 
disposed  of  fresh,  making  a  total  of  167,726  cod  cured  or  fresh,  of  which  large  quantity 
19,557  cod  were  exported.  In  1852  no  less  than  102,659  tons  of  American  shipping 
were  employed  in  this  branch  of  trade,  and  the  aggregate  value  of  fish  exported  in  the 
same  year  amounted  to  4.53,610  dollars. —  {Baird,  Cyclopcedia  of  the  Natural  Sciences.') 

COD-LIVER  OIL.  The  oil  obtained  from  the  livers  of  several  varieties  of  the 
GadidcE  family ;  especially  from  the  torsk,  Brosmius  brosme.  It  is  administered 
medicinally  :  it  acts  mainly  as  a  nutritive  body,  and  the  old  idea  that  its  medicinal 
value  depended  on  the  iodine  it  contained  is  now  proved  to  be  false,  since  it  holds  no 
iodine  in  composition.  Since  the  demand  for  cod-liver  oil  has  been  large,  it  has  been 
extensively  adulterated  with  other  fish  oils. 

CODEINE  C™H2'3SIO'-i-2Aq.  An  alkaloid  contained  in  the  mother  liquid  of 
moi'phine.  It  is  a  powerful  and  interesting  base,  but  is  not  employed  to  any  great 
extent  in  medicine.  Its  administration  is  said  to  be  followed  in  some  cases  by  violent 
itching  of  the  skin.    It  has  been  chiefly  examined  by  Anderson. — C.  G.  W. 

CODILLA  OF  FLAX.  The  coarsest  parts  of  the  fibre  sorted  out  by  itself.  See 
Flax. 

COFFEE  Cafe,  Fr.  ;  Kaffee,  Germ.)  The  cofi"ee  is  the  seed  of  a  tree  of  the  family 
rubiacem,  and  belongs  to  the  Pevttindria  monogynia  of  Linnaeus.  There  are  several 
species  of  the  genus,  but  the  only  one  cultivated  is  the  Coffcea  Arabica,  a  native  of 
Upper  Ethiopia  and  Arabia  Felix.  It  rises  to  the  height  of  15  or  20  feet ;  its  trunk 
sends  forth  opposite  branches  in  pairs  above  and  at  right  angles  to  each  other;  the 
leaves  resemble  those  of  the  common  laurel,  although  not  so  dry  and  thick.  From 
the  angle  of  tlie  leaf-stalks  small  groups  of  white  flowers  issue,  which  are  like 
those  of  the  Spanish  jasmine.  These  flowers  fade  very  soon,  and  are  replaced  by  a 
kind  of  fruit  not  unlike  a  cheri-y,  which  contains  a  yellow  glairy  fluid,  enveloping  two 
small  seeds  or  berries  convex  upon  one  side,  flat  and  furrowed  upon  the  other  in 
the  direction  of  the  long  axis.  These  seeds  are  of  a  horny  or  cartilaginous  nature  ; 
they  are  glued  together,  each  being  surrounded  with  a  peculiar  coriaceous  membrane. 
They  constitute  the  coffee  of  commerce. 

It  was  not  till  towards  the  end  of  the  1 5th  century  that  the  cofl'ee  tree  began  to  be 
cultivated  in  Arabia.  Historians  usually  ascribe  the  discovery  of  the  use  of  coffee  as 
a  beverage  to  the  superior  of  a  monastery  there,  who,  desirous  of  preventing  the 
monks  from  sleeping  at  their  nocturnal  services,  made  them  drink  the  infusion  of 
coffee  upon  the  report  of  shepherds,  who  pretended  that  their  flocks  were  more  lively 
after  browsing  on  the  fruit  of  that  plant.  The  use  of  coffee  was  soon  rapidly  spread 
but  it  encountered  much  opposition  on  the  part  of  the  Turkish  government,  and  be- 
came the  occasion  of  public  assemblies.  Under  the  reign  of  Amurath  III  the  mufti 
procured  a  law  to  shut  all  the  coffee-houses,  and  this  act  of  suppression  was  renewed 
under  the  minority  of  Mahomet  IV.  It  was  not  till  1554,  under  Solyman  the  Great 
tnat  tUe  drinking  of  coffee  was  accredited  in  Constantinople  ;  and  a  century  elapsed 
betore  it  was  known  in  London  and  Paris.  Solyman  Aga  introduced  its  use  into  the 
latter  city  in  1669,  and  in  1672  an  Armenian  established  the  first  cafe  at  the  fair  of 
saint  (jcermain. 

.J^^^\''°^''^  became  somewhat  of  a  necessary  of  life  from  the  influence  of  habit 
fpT«T.  European  powers  who  had  colonies  between  the  tropics  pro- 

jected to  form  plantations  of  coffee  trees  in  them.  The  Dutch  were  the  first  who 
?n  17T4  thp  !         from  Moka  to  Batavia.  and  from  Batavia  to  Ams  rdam 

r^.ll  ':ates  ot  that  city  sent  a  root  to  Louis  XIV.  which  he  caused  to  be 

XSZ^  Manlnit  '"^"^       ''''''''  Frenrh  coffS 

The  mo.st  extensive  culture  of  coffee  is  still  in  Arabia  Felix,  and  principally  in  the 
kingdom  of  \emen,  towards  the  cantons  of  Aden  and  Mocha.    AlthoTgh  these  eo,  n 
tries  are  very  hot  in  the  plains,  they  possess  mountains  where  the  K  miW  C 
coffee  s  generally  grown  half-way  up  on  their  slopes.    When  cultivated  on  thp  l«wa! 
grounds  ,t  IS  always  surrounded  by  large  trees,  which  sheUer  it  from  the  loJr J 
and  prevent  Us  fruit  from  witherin'g  before  their  matllty!' '^The trvest  is  ^^^^^^^^^ 
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at  three  periods  :  the  most  considerable  occurs  in  May,  when  the  reapers  begin  by 
spreading  cloths  under  the  trees,  then  shaking  the  branches  strongly,  so  as  to  make 
tlie  fruit  drop,  wliich  they  collect,  and  expose  upon  «nats  to  dry.  'I'hey  then  pass 
over  the  dried  berries  a  very  heavy  roller,  to  break  the  envelopes,  which  are  after- 
wards winnowed  away  with  a  fan.  The  interior  bean  is  again  dried  before  being 
laid  up  in  store. 

In  Denierara,  Berbice,  and  some  of  our  West  India  islands,  where  much  good 
coffee  is  now  raised,  a  different  mode  of  treating  the  pulpy  fruit  and  curing  the  beans 
is  adopted.  When  the  cherry-looking  berry  has  assumed  a  deep-red  colour,  it  is 
gathered,  and  immediately  subjected  to  the  operations  of  a  mill  composed  of  two 
wooden  rollers,  furnished  -with,  iron  plates,  which  revolve  near  a  third  fixed  roller 
Called  the  chops.  The  berries  are  fed  into  a  hopper  above  the  rollers,  and  falling 
down  between  them  and  the  chops,  they  are  strijiped  of  their  outer  skins  and  pulp, 
while  the  twin  beans  are  separated  from  each  other.  These  beans  then  fall  upon  a 
sieve,  which  allows  the  skin  and  the  pulp  to  pass  through,  while  the  hard  beans  accu- 
mulate and  are  progressively  slid  over  the  edge  into  baskets.  They  are  next  steeped 
for  a  night  in  water,  thoroughly  washed  in  the  morning,  and  afterwards  dried  in  the 
sun.  They  are  now  ready  for  the  peeling  mill,  a  wooden  edge  wheel  turned  verti- 
cally by  a  horse  yoked  to  the  extremity  of  its  horizontal  axis.  In  travelling  over  the 
coffee,  it  bursts  and  detaches  the  coriaceous  or  parchment-like  skin  which  surrounds 
each  hemispherical  bean.  It  is  then  freed  from  the  membranes  by  a  winnowing 
machine,  in  which  four  pieces  of  tin  made  fast  to  an  axle  are  caused  to  revolve  with 
great  velocity.  Corn  fanners  would  answer  better  than  this  rude  instrument  of  negro 
invention.  The  coffee  is  finally  spread  upon  mats  or  tables,  picked  clean,  and  packed 
up  for  shipment. 

The  most  highly  esteemed  coffee  is  that  of  Mocha.  It  has  a  smaller  and  a  rounder 
bean ;  a  more  agreeable  taste  and  smell  than  any  other.  Its  colour  is  yellow.  Kext  to 
it  in  European  reputation  is  the  Martinique  and  Bourbon  coffees  ;  the  former  is  larger 
than  the  Arabian  and  more  oblong ;  it  is  rounded  at  the  ends ;  its  colour  is  greenish, 
and  it  preserves  almost  always  a  silver  gray  pellicle,  which  comes  off  in  the  roasting. 

The  Bourbon  coffee  approaches  nearest  to  the  Mocha,  from  which  it  originally 
sprung.  The  Saint  Domingo  coffee  has  its  two  extremities  pointed,  and  is  much  less 
esteemed  than  the  preceding. 

The  coffee  tree  flourishes  in  hilly  districts  where  its  root  can  be  kept  dry,  while  its 
leaves  are  refreshed  with  frequent  showers.  Rocky  ground,  with  rich  decomposed 
mould  in  the  fissures,  agrees  best  with  it.  Though  it  would  grow,  as  we  have  said,  to 
the  height  of  15  or  20  feet,  yet  it  is  usually  kept  down  by  pruning  to  that  of  5  feet  for 
increasing  the  production  of  the  fruit,  as  well  as  for  the  convenience  of  cropping.  It 
begins  to  yield  fruit  the  third  year,  but  is  not  in  full  bearing  till  the  fifth,  does  not  thrive 
beyond  the  twenty-fifth,  and  is  useless  in  general  at  the  thirtieth.  In  the  coffee  husbandry 
the  plants  should  be  placed  8  feet  apart,  as  the  trees  throw  out  extensive  horizontal 
branches,  and  in  holes  10  or  12  feet  deep  to  secure  a  constant  supply  of  moisture. 

Coffee  has  been  analysed  by  a  great  many  chemists,  with  considerable  diversity  of 
results.  The  best  analysis  perhaps  is  that  of  Schrader.  He  found  that  the  raw  beans 
distilled  with  water  in  a  retort  communicated  to  it  their  flavour  and  rendered  it  turbid, 
whence  they  seem  to  contain  some  volatile  oil.  On  reboiling  the  beans,  filtering,  and 
evaporating  the  liquor  to  a  syrup,  adding  a  little  alcohol  till  no  more  matter  was  pre- 
cipitated, and  then  evaporating  to  dryness,  he  obtained  17-58  per  cent,  of  a  yellowish- 
brown  transparent  extract,  which  constitutes  the  characteristic  part  of  coffee,  though 
it  is  not  in  that  state  the  pure  proximate  principle,  called  caffeine.  Its  most  remark- 
able reaction  is  its  producing,  with  both  the  protoxide  and  the  peroxide  salts  ofn  on,  a 
fine  grass  green  colour,  while  a  dark  green  precipitate  falls,  which  re-dissolves  when 
an  acid  is  poured  into  the  liquor.  It  produces  on  the  solution  of  the  salts  of  copper 
scarcely  any  effect,  till  an  alkali  be  added,  when  a  very  beautiful  green  colour  is  pro- 
duced which  may  be  employed  in  painting.  Coffee  beans  contain  also  a  resm,  and  a 
fatty  substance  somewhat  like  suet.  According  to  Robiquet,  ether  extracts  from  coffee 
beans  nearly  10  per  cent,  of  resin  and  fat,  but  he  probably  exaggerates  the  amount 
The  peculiar  substance  caffeine  contained  in  the  above  extract  is  crystallisable.  it 
is  remarkable  in  regard  to  composition,  that  after  urea  and  the  uric  acid,  it  'S  among 
organic  products  the  richest  in  azote.  It  was  dissolved  and  described  in  1820  by 
Runge.  It  does  not  possess  alkaline  properties.  Pfaff  obtained  only  90  grains  of 
caffeine  from  six  pounds  of  coffee  beans.  There  is  also  an  acid  m  raw  coffee  to  which 
the  name  of  catfeic  acid  has  been  given.  When  distilled  to  dryness  and  decomposed, 
it  has  the  smeli  of  roasted  coffee.    See  Caffeine.       ^       .        When  it  is  roasted 


this 


Coffee  undergoes  important  changes  in  the  process  of  roasting  When  it  is  ■'"'isted 
a  yellowish  brown  it  loses,  according  to  Cadet,  12i  per  cent,  of  its  ^^  ^'g  ^  " 

is  state  dillicult  to  grind.    When  roasted  to  a  chestnut  brown  it  loses  18  per  cuil., 
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and  when  it  becomes  entirely  blaek,  though  not  at  all  carbonised,  it  has  lost  23  per 
cent.  Schrader  has  analysed  roasted  cotfee  comparatively  with  raw  coffee,  and  he 
found  in  the  first  12i  per  cent,  of  an  extract  of  coffee  soluble  in  water  and  alcohol, 
which  possesses  nearly  the  properties  of  the  extract  of  the  raw  coffee,  although  it  has 
a  deeper  brown  colour,  and  softens  more  readily  in  the  air.  He  found  also  10  4  of  a 
blackish  brown  gum;  ^-7  of  an  oxygenated  extract,  or  rather  apothcme  soluble  in 
alcohol,  insoluble  in  water ;  2  of  a  fatty  substance  and  resin  ;  69  of  burnt  vegetable 
fibre,  insoluble.  On  distilling  roasted  coffee  with  water,  Schrader  obtained  a  product 
which  contained  the  aromatic  principle  of  coffee ;  it  reddened  litmus  paper,  and  ex- 
haled a  strong  and  agreeable  odour  of  roasted  coffee.  If  we  roast  coffee  in  a  retort, 
the  first  portions  of  the  aromatic  principle  of  coffee  condense  into  a  yellow  liquid  in 
the  receiver;  and  these  may  be  added  to  the  coffee  roasted  in  the  common  way,  from 
which  this  matter  has  been  expelled  and  dissipated  in  the  air. 

Chenevix  affirmed  that  by  the  roasting  of  coffee  a  certain  quantity  of  tannin  pos- 
sessing the  property  of  precipitating  gelatine  is  generated.  Cadet  made  the  same  ob- 
servation, and  found,  moi'eover,  that  the  tannin  was  most  abundant  in  the  lightly 
roasted  coffee,  and  that  there  was  nearly  none  of  it  in  coffee  highly  roasted.  Paysse 
and  Schrader,  on  the  contrary,  state  that  solution  of  gelatine  does  not  precipitate 
either  the  decoction  of  roasted  coffee  or  the  alcoholic  extract  of  this  coffee.  Rungo 
likewise  asserts  that  he  could  obtain  no  precipitate  with  gelatine ;  but  he  says  that 
albumen  precipitates  from  the  decoction  of  roasted  coffee  the  same  kind  of  tannin  as 
is  precipitated  from  raw  coffee  by  tlie  acetate  oflead,  and  set  free  from  the  lead  by 
sulphuretted  hydrogen.  With  these  results  my  own  experiments  agree.  Gelatine 
certainly  does  not  disturb  clear  infusion  of  roasted  coffee,  but  the  salts  of  iron 
blacken  it. 

Schrader  endeavoured  to  roast  separately  the  different  principles  of  coffee,  but  none 
of  them  exhaled  the  aromatic  odour  of  roasted  coffee  except  the  horny  fibrous  matter. 
He  therefore  concludes  that  this  substance  contributes  mainly  to  the  characteristic 
taste  of  roasted  coffee,  which  cannot  be  imitated  by  any  other  vegetable  matter,  and 
which,  as  we  have  seen,  should  be  ascribed  chiefly  to  the  altered  caffeic  acid.  Accord- 
ing to  Garot,  we  may  extract  the  caffeine  without  alteration  from  roasted  coffee  by 
precipitating  its  decoction  by  subacetate  of  lead,  treating  the  washed  precipitate  with 
sulphuretted  hydrogen,  and  evaporating  the  liquid  product  to  dryness. 

To  roast  coffee  rightly  we  should  keep  in  view  the  proper  objects  of  this  process 
which  are  to  develop  its  aroma,  and  destroy  its  toughness,  so  that  it  may  be  readily 
ground  to  powder.  Too  much  heat  destroys  those  principles  which  we  should  wish  to 
preserve,  and  substitutes  new  ones  which  have  nothing  in  common  with  the  first  but 
add  a  disagreeable  empyreumatic  taste  and  smell.  If,  on  the  other  hand,  the  rawness 
or  greenness  is  not  removed  by  an  adequate  heat,  it  masks  the  flavour  of  the  beau  and 
mjures  the  beverage  made  with  it.  When  well  roasted  in  the  sheet  iron  cylinder  set 
to  revolve  over  a  fire,  it  should  have  a  uniform  chocolate  colour,  a  point  readily  hit  by 
experienced  roasters,  who  now  manage  the  business  very  well  for  the  principal  coffee 
dealers  both  of  London  and  Paris,  so  far  as  my  judgment  can  determine.  The 


cleve  opment  of  the  proper  aroma  is  a  criterion  by  which  coffee  roasters  frequentlv 
legulate  their  operations.  When  it  loses  more  than  20  per  cent,  of  its  weiirht 
iWusion'         '°  ground  till  immediately  before 

o/ifnfl  l7'f      P™''''''  of  nutrition  have  given  fresh  interest  to  every  analysis 
of  articles  of  food     A  watery  infusion  of  coffee  is  used  in  almost  every  country  as  a 
beverage,  and  yet  it  is  uncertain  whether  it  is  an  article  of  nutrition  or  merely  J  con 
tZZ:       "V°"'-  of  the  raw  seed,  or  coffee  bean  as  it  is  called,  must 

lecede  the  determination  of  that  disputed  point.  Caffeine  is  the  principle  best  knmvn 
be  ng  most  easily  separated  from  the  other  substances,  resisting  most  powerful^ 
SanSs.'''^"''''"'  ^^^^--^"g-o'y^talline  state  is  discovefable  in  ve7y 

'I"^?*'  °^  ""^^^      =  '  ■  V<:9etab!efibrme,  which  is  the  largest  constituent 

2.  Falli/  matter:  the  beans  digested  in  ether  pIvp  ni,t  n  . 
wliichon  evaporation  becomes  butterv  with  pn  ]      jeHow-coloured  matter, 

10  per  cent,  of  the  beans  ^'  """^  ^^ff*^^.       amounts  io 
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3.  Caffeine :  the  ethereal  solution  contains  caffeine,  which  may  be  removed  by 
shaking  with  a  solution  of  water. 

4.  Legumine  :  in  addition  to  an  acid  which  agree»  in  its  properties  with  the  acid 
found  in  oak  and  cinchona,  we  find  in  the  coffee  beans  legumine  similar  to  that  of 
beans.  This  legumine  contains  sulphur,  which  is  the  cause  of  their  blackening  a 
silver  vessel  in  which  the  beans  may  be  boiled  with  an  alkali.  Legumine  and  caff'eine 
are  the  only  nitrogenous  constituents  of  coffee  beans,  consequently  the  only  substances 
which  could  be  nutritious,  but  they  are  not  soluble  in  hot  water  as  they  exist  in  roasted 
coffee,  and  therefore  it  may  be  reckoned  merely  an  exhilarating  beverage. 

Roasted  coffee  affords  a  much  richer  infusion  to  hot  water  containing  a  minute 
quantity  of  corbonate  of  soda,  and  improves  the  quality  of  the  coffee  on  the  stomach, 
by  neutralising  the  caffeic  acids. 

Coffee,  as  sold  in  the  shops  in  its  roasted  and  ground  state,  is  often  adulterated  with 
a  variety  of  substances,  but  chiefly  with  chicory.— See  Chicory. 

If  tannin  exists  in  roasted  coffee,  as  maintained  long  ago  by  Chenevix,  and  generally 
admitted  since,  it  must  be  very  different  from  the  tannin  present  in  tea,  catechu,  kino, 
oak  bark,  willow-bark,  and  other  astringent  vegetables  ;  for  it  is  not,  like  them,  pre- 
cipitated by  either  gelatine,  albumen,  or  sulphate  of  quinine.  "With  regard  to  the 
action  upon  the  animal  economy  of  coffee,  tea,  and  cocoa,  which  contain  one  common 
chemical  principle  called  caffeine  or  theine,  Liebig  has  lately  advanced  some  ingeni- 
ous views,  and  has,  in  particular,  endeavoured  to  show  that,  to  persons  of  sedentary 
habits  in  the  present  refined  state  of  society,  they  afford  eminently  useful  beverages, 
which  contribute  to  the  formation  of  the  characteristic  principle  of  bile.  This  im- 
portant secreted  fluid,  deemed  by  Liebig  to  be  subservient  to  the  function  of  respira- 
tion, requires  for  its  formation  much  azotised  matter,  and  that  in  a  state  of  combina- 
tion analogous  to  what  exists  in  caffeine.  The  quantity  of  this  principle  in  tea  and 
coffee  being  only  from  2  to  5  per  cent.,  might  lead  one  to  suppose  that  it  could  have 
little  effect  upon  the  system  even  of  regular  drinkers  of  their  infusions ;  but  if  the 
bile  contains  only  one-tenth  of  solid  matter,  called  choleic  acid,  which  contains  less 
than  4  per  cent,  of  azote,  then  it  may  be  shown  that  3  grains  of  caffeine  would  impart 
to  500  grains  of  bile  the  azote  which  occurs  in  that  crystalline  precipitate  of  bile 
called  taurine,  which  is  thrown  down  from  it  by  mineral  acids. 

One  atom  of  caffeine,  9  atoms  of  oxygen,  and  9  of  water,  being  added  together, 
produce  the  composition  of  2  atoms  of  taurine.  Now  this  is  a  very  simple  combina- 
tion for  the  living  organism  to  effect;  one  already  paralleled  in  the  generation  of 
hippuric  acid  in  urine,  by  the  introduction  of  benzoic  acid  into  the  stomach  ;  a  phy- 
siological discovery  made  by  my  son,  which  is  likely  to  lead  to  a  more  successful 
treatment  of  some  of  the  most  formidable  diseases  of  man,  particularly  gout  and 

gravel.  .„,...,  „ 

If  the  preceding  views  be  established,  they  will  justify  the  instmctive  love  ot  man- 
kind for  tea,  coffee,  and  cocoa.    See  Tea. 

Our  imports  of  coffee  in  1856  were  -       -       -    ■    -   59,992,116  hhds. 

Entered  for  home  consumption      -       -       -       -  34,995,944  hhds. 

Computed  real  value  of  total  imports      -       -       -  £1,498,108 

Coffee  Roasting  and  Grinding.    The  gratefulness  of  the  beverage  afforded  by 
this  seed  depends  upon  many  circumstances,  which  are  seldom  all  combmed.  The 
nature  of  the  soil,  the  climate",  seed,  mode  of  culture,  and  cure,  influence  greatly  the 
quality  of  the  fruit.    But  when  all  these  particulars  concur,  and  the  berry  is  of  the 
finest  sort,  and  most  highly  appreciated  by  the  importer,  it  may  be  ruined  m  the 
roastinff  •  for  if  some  berries  be  under  and  some  over  done,  the  whole  when  ground 
will  yield  an  unpalatable  infusion.    The  due  point  to  which  the  torrefaction  should 
be  carried  may  be  determined  partly  by  the  colour  and  partly  by  the  loss  of  weight 
which  points,  however,  are  different  for  each  sort  of  coffee.    But  perfect  equaluy  of 
nstulation  is  difficult  of  attainment  with  the  ordinary  cylindrical  machines.  Messrs. 
Law  of  London  and  Edinburgh,  had  long  been  dissatisfied  with  the  partial  manner 
in  which  the  cylinder  performed  its  duty,  as  it  generally  left  some  part  of  its  con- 
tents black,  some  dark  brown,  and  others  paler;  results  which  greatly  injure  the 
flavour  of  the  beverage  made  with  the  coffee.    Mr.  William  Law  overcame  these 
difficulties  by  his  invention  of  the  globular  roaster,  actuated  by  a  compound  motion  like 
?ift  of  01^^^^^^       This  roaster,  ^with  its  double  rotary  mot  on,  is  heated  not  over  an 
ODcn  fire  but  in  an  atmosphere  of  hot  air,  through  a  cast  metal  casing.    Ihe  g'obe  is 
so' mounted  as  to  revolve  horizontally,  and  also  from  time  ^'^^^^^^^^^^^ 
the  included  beans  are  tossed  about  and  intermingled  in      '^''^'^f  ^^^V^fi  '^s 
of  torrefaction  is  scarcely  possible.    The  position  of  the  E^^\^^J^9-^^l  tZ^ciZ 
turned  up  by  a  powerful  leverage  out  of  the  cast  iron  heater,  preparatory  to  its  beiug 
emptied  and  re-charged. 
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Messrs.  Dakin  and  Co.  have  patented 
another  kind  of  apparatus,  which  consists 
mainly  of  steam-chests,  upon  the  upper 
surface  of  which  the  coffee  is  roasted. 

The  coffee  when  equally  roasted  is 
finely  ground  in  a  mill  between  hori- 
zontal stones,  like  that  of  a  corn-mill, 
and  is  thereby  capable  of  giving  out  all 
its  virtues  to  either  boiling  or  cold 
water. 

COIR.  The  outer  coating  of  the 
cocoa-nut,  often  weighing  one  or  two 
pounds,  when  stripped  off  longitudi- 
nally, furnishes  the  fibres  called  by  the 
native  name  of  Coir,  and  used  for  small 
cables  and  rigging. 

In  England  these  fibres  are  used  in 
matting  and  for  coarse  brush  work.  In 
Price  and  Co.'s  works  they  are  advan- 
tageously employed,  placed  between  iron 
trays  and  on  the  surface  of  the  cocoa- 
nut  and  other  concrete  oils  and  fats,  and 
subjected  to  great  pressure ;  the  liquid 
oil  flows  out  leaving  solid  fats  behind. 
From  the  abundance,  cheapness,  and  du- 
rability of  this  substance  it  is  likely  to 
come  into  more  general  use,  and  it  is 
even  now  very  seriously  proposed,  as  a  material  for  constructing  Ocean  Telegraphs, 
from  its  lightness  and  power  of  resisting  sea-water.  The  qualities  of  coir  for  many 
purposes  have  been  established  for  ages  in  the  East  Indies,  Dr.  Gilchrist  thus  de- 
scribes the  properties  of  coir  ropes :—"  They  are  particularly  elastic  and  buoyant, 
floating  on  the  surface  of  the  sea ;  therefore,  when,  owing  to  the  strength  of  the  current, 
a  boat  misses  a  ship  it  is  usual  to  veer  out  a  quantitv  of  coir,  having  previously 
fastened  an  oar,  or  small  cask,  &c.,  to  its  end.  Thus  the  boat  may  be  easily  enabled  to 
haul  up  to  the  .ship's  stern.  Were  a  coir  hawser,"  he  adds,  "kept  on  board  every  ship 
in  the  British  Marine,  how  many  lives  would  probably  be  saved  ?  " 

It  is  stated  that  fresh  water  rots  coir  in  a  very  short  time,  coi-roding  it  in  a  sur- 
prising degree,  whereas  salt  water  absolutely  strengthens  it,  seeming  to  increase  the 
elasticity.  Coir  is  therefore  unfit  for  running  rigging,  especially  for  vessels  subject  to 
low  latitudes,  it  being  easily  snapped  in  frosty  weather. 

Nothing  can  equal  the  ease  wi.h  which  a  ship  rides  at  anchor,  when  her  cables  are 
of  coir.  As  the  surges  approach  the  bows,  the  vessel  gradually  recedes  in  consequence 
oi  the  cable  yielding  to  their  iorce ;  but  as  soon  as  they  have  passed,  it  contracts  again 
drawing  the  vessel  gradually  back  to  her  first  position:  the  lightness  of  the  material 
adds  to  this  effect,  for  the  cable  would  float  if  the  anchor  did  not  keep  it  down  At 
the  present  time  the  forces  exerted  upon  cables  and  the  angles  assumed  under  different 
circumstances,  in  paying  out  submarine  telegraphic  cables,  have  been  the  subject  of 
practical  attention  and  theoretical  investigation.  Some  of  the  greatest  authorities 
have  assumed  that  the  forces  exerted,  between  the  bottom  of  the  sea  and  the  ship's  stern 
had  reference  only  to  forms  or  waves  of  the  cables,  representing  some  curve  between 
the  vertical  and  horizontal  Ime,  but  always  concave  to  the  water  surface.  For  a  curve 
to  exist,  in  the  opposite  direction,  was  named  onlv  as  a  condition,  without  evidence  of 
any  practical  kind  to  show  that  it  really  existed,  or  called  for  any  attention  to  investi- 
gate It.  So  long  smce,  however,  as  182.5,  Dr.  Gilchrist,  among  others,  had  described  this 
very  opposite  curve  of  the  coir;  viz.  — of  being,  when  in  action  as  a  cable,  curved  with 
a  concavesurface  toward  the  bottom  of  the  sea;  a  fact  well  known  to  the  experienced 
onZ  IfttS  ™"  "  '°  the  natives  whoemploythese  coir  cables  so  ex'tensively 

"  A  hempen  cable  always  makes  a  curve  doivmvard.i ;  between  the  vessel  and  the 
anchor  but  a  coir  cable  makes  the  curve  rcp^aurds.  Therefore,  if  rrjht  line  were 
drawn  from  the  hawse-hole,  to  the  ring  of  the  anchor,  it  would  be  something  Uke  the 
s^gments.^"''  "^^^^  ''''  '^^^^^^  wouldform,  or  nearly  so.So  ellipdc 

In  the  employment  of  materials  for  ocean  telegraphs,  esneciallv  for  rl,.fln  cn„ 
purposes,  the  use  of  iron  and  the  proposal  for  usiug^oir  andTthe  L£  subs^^^^ 

^AlKTof  p'r'^'^'"?''^""  ^P"''™  of  as"heavy''  or  'MigKab  e^ 

Dr.  Allan,  of  Edinburgh,  proposes  the  abundant  use  of  coir  to  niake  a  liglT cable  sly 
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half  the  woiglit  of  the  lightest  hitherto  made,  the  Atlantic  cable.  He  states  that 
a  deep  sea  cable  iimy  be  compounded  to  -weigh  not  more  than  10  cwt.  per  mile  :  while 
the  cheapness,  durability  in  salt  water,  lightness,  and**abundant  supply,  will  give  it  ad- 
vantages over  gutta  percha  and  other  substances  used  to  form  the  bulk  of  the  lightest 
cables  hitherto  employed. 

When  cocoa-nuts  are  sawed  into  two  equal  parts  across  the  grain  of  the  coir  coating, 
they  form  excellent  table  brushes,  causing  wood  planks  to  assume  a  very  high  polish 
by  friction.  If  the  shell  should  be  left,  the  edges  should  be  perfectly  smooth,  and  then 
they  will  not  scratch.  It  is  a  good  mode  to  strip  off  the  coir,  and,  after  soaking  it  in 
water,  to  beat  it  with  a  heavy  wooden  mall  until  the  pieces  become  pliant,  wiien  they 
should  be  firmly  bound  together  with  an  iron  ring;  the  ends  being  levelled,  the  imple- 
ment is  fit  for  use  ;  a  little  bees'  wax,  rubbed  occasionally  upon  them,  adds  greatly  to 
the  lustre  of  the  furniture;  of  course  the  polish  is  mainly  due  to  strength  and  rapid 
action  producing  the  friction  upon  the  wood,  and  other  articles  of  furniture. 

In  India,  the  coarse  bark  of  the  nuts  is  extensively  used  to  cleanse  houses,  and  washing 
the  decks  of  vessels.  Coarse  stuff,  mattmg,  and  bagging  are  made  of  the  fibres,  as  well 
as  ropes,  sails,  and  cables. 

The  general  preparation  is  simple;  the  fibrous  husks  or  coats  which  envelope  the 
cocoa-nuts,  after  being  for  some  time  soaked  in  water,  become  soft;  they  are  then 
beaten  to  separate  other  substances  with  which  they  are  mixed,  which  fall  away  like 
saw-dust,  the  strings  or  fibres  being  left ;  this  is  spun  into  long  yarns,  woven  into  sail- 
cloth, and  twisted  into  cables,  even  for  large  vessels.  Cordage  thus  made  is  considered 
preferable,  in  many  respects,  to  that  brought  from  Europe,  especially  the  advantage  of 
floating  in  water. 

On  burning  the  ligneous  envelope  of  the  cocoa-nut  an  empyreumatic  oil  Is  obtained 
by  the  inhabitants  of  the  island  of  Sumatra,  and  used  by  them  for  staining  the  teeth  ; 
and  a  light  velvet-like  carbon  which  is  found  useful  in  painting. 

Imports. — Coir  rope,  twine,  and  strands:  — 
Russia  -       -       -  - 
Hanse  Towns 
British  E.  Indies  - 
Other  parts   .       -  - 


Cwts. 

Computed  real  value. 

884  - 

£994 

1,378  - 

1,550 

42,116  - 

-  ,  47,380 

952  - 

1,072 

45,330 

£50,966 

Tons. 

Computed  real  value 

21,988  - 

-    £  53,.')04 

Cordage 

COELE.  (Eng.  and  Fr. ;  Ahgescliwefelte,  Germ.)  It  is  necessary  to  distinguish 
between  what  is  called  gas-coke  and  oven-coke.  The  word  coke  applies,  properly, 
to  the  latter  alone;  for  in  a  manufacturing  sense,  the  former  is  merely  cinder.  The 
production  of  good  coke  requires  a  combination  of  qualities  in  coal  not  very  fre- 
quently met  with  ;  and  hence  first-rate  coking  coals  can  be  procured  only  from 
certain  districts.  The  essential  requisites  are,  first,  the  presence  of  very  little 
earthy  or  incombustible  ash  ;  and,  secondly,  the  more  or  less  infusibility  of  that  ash. 
The  presence  of  any  of  the  salts  of  lime  is  above  all  objectionable ;  after  which 
may  be  classed  silica  and  alumina ;  for  the  whole  of  these  have  a  strong  tendency 
to  produce  a  vitrification,  or  slag,  upon  the  bars  of  the  furnace  in  which  the  coke 
is  burnt ;  and  in  this  way  the  bars  are  speedily  corroded  or  burnt  out;  whilst  the 
resulting  clinker  impedes  or  destroys  the  draught,  by  fusing  over  the  interstices  of 
the  bars  or  air  passages.  Iron  pyrites  is  a  common  obstacle  to  the  coke  maker: 
but  it  is  found  in  practice,  that  a  protracted  application  of  heat  Id  the  oven 
dissipates  the  whole  of  the  sulphur  from  the  iron,  with  the  production  of  bisulphuret 
of  carbon  and  metallic  carburet  of  iron,  the  latter  of  which  alone  remains  in  the 
coke,  and,  unless  silica  be  present,  has  no  great  disposition  to  vitrify  after  oxidation. 
Where  the  iron  pyrites  exists  in  large  quantities  it  is  separated  by  the  coal  washing 
machines,  some  of  which  will  be  described  in  a  general  article. — See  Washing 
Machines.  One  object,  therefore,  gained  by  the  oven  coke  manufacturer  over  the 
o-as  maker,  is  the  expulsion  of  the  sulphuret  of  carbon,  and  consequent  purification 
of  the  residuary  coke,  Another,  and  a  still  more  important  consequence  of  a  long 
sustained  and  high  heat  is,  the  condensation  and  contraction  of  the  coke  into  a 
smaller  volume,  which,  therefore,  permits  the  introduction  of  a  much  greater  weight 
into  the  same  space;  an  advantage  of  vast  importance  in  blast  furnaces,  and  above 
all,  in  locomotive  engines,  as  the  repeated  introduction  of  fresh  charges  of  coal  fuel 
is  thus  prevented.  Part  of  this  condensation  is  due  to  the  weight  of  the  superincum- 
bent mass  of  coal  thrown  into  the  coke  oven,  by  which  (when  the  coal  first  begins 
to  cake  or  fuse  together)  the  particles  are  forced  towards  each  other,  and  the  caver- 
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nous  character  of  cinder  got  rid  of:  but  the  chief  contraction  arises,  as  vre  have  said, 
from  the  natural  quality  of  carbon,  -which,  like  alumina,  goes  on  contracting,  the 
longer  and  higher  the  heat  to  which  it  is  exposed.  Hence,  good  coke  cannot  be  made 
in  a  short  time,  and  that  used  in  locomotive  engines  is  commonly  from  48  to  96,  or 
even  120  hours  in  the  process  of  manufacture. 

The  prospects  of  improvement  in  coke-makiug  point  rather  to  alterations  in  the 
oven  than  in  the  process.  Formerly  it  was  not  thought  possible  to  utilise  the  heat 
evolved  by  the  gaseous  constituents  of  the  coal  ;  but  now,  as  an  example  of  the  in- 
correctness of  this  idea,  it  may  be  stated  that  at  the  Felling  Chemical  Works,  200 
tons  of  salt  per  week  are  made  by  the  waste  heat  alone,  and  it  is  also  employed  in 
partially  heating  the  blast  for  one  of  the  furnaces.  There  appears  no  valid  reason 
why  sets  of  coke  ovens  might  not  be  so  arranged  as  mutually  to  compensate  for  each, 
other,  and  produce  upon  one  particular  flue  a  constant  and  uniform  effect.  Contri- 
vances of  this  kind  have  been  projected, — but  hitherto,  we  may  suppose,  without 
uniform  success,  as  many  of  our  large  coke  makers  still  continue  the  old  mode  of 
working. 

The  following  figure,  .547.  represents  a  shachtofcn,  or  pit-kiln,  for  coking  coals  ia 
Germany,  a  is  the  lining  (chemise),  made  of 
fire  bricks ;  the  enclosing  walls  are  built  of  the 
same  material ;  b.  b,  is  a  cast-iron  ring  covered 
with  a  cast-iron  plate  c.  The  floor  of  the  kiln 
is  massive.  The  coals  are  introduced,  and  the 
coke  taken  out,  through  a  hole  in  the  side  d  ; 
during  the  process  it  is  bricked  up,  and  closed 
with  an  iron  door.  In  the  surrounding  walls 
are  4  horizontal  rows  of  flues  e,  e,  e,  e,  which 
are  usually  iron  pipes ;  the  lowest  row  is  upon 
a  level  with  the  floor  of  the  kiln  ;  and  the  others 
are  each  respectively  one  foot  and  a  half  higher 
than  the  preceding.  Near  the  top  of  the  shaft 
there  is  an  iron  pipe  /,  of  from  8  to  10  inches  in 
diameter,  which  allows  the  incoercible  vapours 
generated  in  the  coking  to  escape  into  the 
condenser,  which  consists  either  of  wood  or 
brick  chambers.  For  kindling  the  coal,  a  layer 
of  wood  is  first  placed  on  the  bottom  of  the  kiln. 

The  coking  of  small  coal  is  performed  upon  vaulted  hearths,  somewhat  like  bakers' 
ovens,  but  with  still  flatter  roofs.  Of  such  kilns,  several  are  placed  alongside  one 
another,  each  bemg  an  ellipse  deviating  little  from  a  circle,  so  that  the  mouth  may 
project  but  a  small  space.  The  dimensions  are  such,  that  from  10  to  12  cubic  feet 
of  coal-culm  may  be  spread  in  a  layer  6  inches  deep  upon  the  sole  of  the  furnace. 
Ihe  top  of  the  flat  arch  of  fire  brick  should  be  covered  with  a  stratum  of  loam  and 
sand. 

Figs.  548  and  549  represent  such  a  kiln  as  is 
mounted  at  Zabrze,  in  Upper  Silesia,  for  coking  small 
coal.  Fig.  548  is  the  ground  plau  ;  fg.  549  the  ver- 
tical  section  in  the  line  of  the  long  axis  of  fig.  548.  Wi 

a,  IS  the  sand-bed  of  the  hearth,  under  the  brick  sole  ; 

b,  IS  the  roof  of  large  fire-bricks ;  c,  the  covering  of 
loam  ;  d,  the  top  surface  of  sand ;  e,  the  orifice  in  the 
front  wall,  for  admission  of  the  culm,  and  removal  of 
the  coke,  over  the  sloping  stone  /.  The  flame  and 
vapours  pass  ofi'  above  this  orifice,  through  the  chimney 
marked  g,  or  through  the  aperture  h,  into  a  lateral 
chimney,  i,  is  a  bar  of  iron  laid  across  the  front  of 
the  door,  as  a  fulcrum  to  work  the  iron  rake  upon  A 
layer  of  coals  is  first  kindled  upon  the  hearth,  and 
when  this  is  in  brisk  ignition,  it  is  covered  with  the 
culm  m  successive  sprinklings.  When  the  coal  is  suffi- 
ciently coked.  It  is  raked  out,  and  quenched  with 
water. 


Fig.  550  represents  a  simple  coking  meiler,  or  mound         —  ■  .  - 
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figure  sho-ws  how  the  lumps  are  piled  up ;  the  wooden  stakes  are  lifted  out  when  the 
heap  is  finished,  in  order  to  introduce  kindlings  at  various  points ;  and  the  rest  of 


the  meiler  is  then  covered  with  slack  and  clay,  to  protect  it  from  the  rains.  A  jet  of 
smoke  and  flame  is  seen  issuing  from  its  left  end. 

An  excellent  range  of  furnaces  for  making  a  superior  article  of  coke,  for  the 
service  of  the  locomotive  engines  of  the  London  and  Birmingham  Railway  Company, 
has  been  erected  at  the  Camden  Town  station;  consisting  of  18  ovens  in  two  lines, 
the  whole  discharging  their  products  of  combustion  into  a  horizontal  flue,  which 
terminates  in  a  chimney-stalk,  115  feet  high.    Fig.  552  is  a  ground  plan  of  the  ellip- 

552 


21  { 
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tical  ovens,  each  being  12  feet  by  11  internally,  and  having  3  feet  thickness  of  walls. 
a,  a,  is  the  mouth,  3|  feet  wide  outside,  and  about  2|  feet  within,  b,  b,  are  the 
entrances  into  the  flue';  they  may  be  shut  more  or  less  completely  by  horizontal  slabs 
of  fire-brick,  resting  on  iron  frames,  pushed  in  from  behind,  to  modify  the  draught 
of  air  The  grooves  of  these  damper-slabs  admit  a  small  stream  of  air  to  complete 
the  combustion  of  the  volatilised  particles  of  soot.  By  this  means  the  smoke  is  well 
consumed.  The  flue  c,  c,  is  2^  feet  high,  by  21  Inches  wide.  The  chimney  d,  at 
the  level  of  the  flue,  is  11  feet  in  diameter  inside,  and  17  outside  ;  being  built  from 
an  elegant  design  of  Robert  Stephenson,  Esq.  e,  e,  are  the  keys  of  the  iron  hoops, 
which  bind  the  brickwork  of  the  oven.  Fig.  553  is  a  vertical  section  in  the  line  A,  b, 
of  fig.  552,  showing,  at  b,  b,  and  e,  e,  the  entrances  of  the  difi'erent  ovens  into  the 
horizontal  flue  ;  the  direction  of  the  draught  being  indicated  by  the  arrows.  /,  /  is 
a  bed  of  concrete,  upon  which  the  whole  furnace-range  is  built,  the  level  of  the 
ground  being  in  the  middle  of  that  bed.  g,  is  a  stiinchion  on  which  the  crane  is 
mounted  ;  /is  a  section  of  the  chimney  wall,  with  part  of  the  interior  to  the  left 
of  the  strong  line.  Fig.  554  is  a  front  elevation  of  two  of  these  elegant  coke 
ovens;  in  which  the  bLing  hoops  i,  ,  i,  are  shown;  k  h,  are  the  cast-iron 
doors,  strengthened  outside  with  diagonal  ridges  ;  each  door  bemg  5i-  fee  high,  by  4 
feet  wide,  and  lined  internally  with  fire-bricks.  They  are  raised  and  lowered  by 
means  of  chains  and  counterweights,  moved  by  the  crane  1.  . 

M  alternate  oven  is  charged,  between  8  and  10  o'clock  every  mornmg.  with 
•1+ tons  of  Jood  coals  A  wisp^^of  straw  is  thrown  in  on  the  top  of  the  heap,  which 
ii  rfirfbf  the  radiation  from^  the  dome  (which  is  in  a  state  of  dull  ign.t.on  from 
he  preceding  operation),  and  inflames  the  smoke  then  J'^S/^'" /„^^^"taT  tfie 
the  reaction  of  the  hot  sides  and  bottom  upon  the  body  of  the  fuel.  In  this  way  tl;e 
fmoke  2  consumed  ^'^^'^ 
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wise  be  most  abundant.  The  coking  process  is  in  no  respect  a  species  of  distillation,  but 
a  complete  combustion  of  the  volatile  principles  of  the  coal.  The  mass  of  coals  is  first 
kindled  at  the  surface,  where  it  is  supplied  with  abundance  of  atmospheric  oxygen ; 

because  the  doors  of  the  ovens  in  front,  and  the  throat-vents  behind, 
are  then  left  open.    The  consequence  is,  that  no  more  smoke  is  dis- 
charged from  the  top  of  the  chimney,  at  this  the  most  sooty  period 
of  the  process,  than  is  produced  by  an  ordinary  kitchen  fire.    In  these 
circumstances,  the  coal  gas,  or  other  gas,  supposed  to  be  generated  in 
tlie  slightly  heati  d  mass  beneath  cannot  escape  combustion  in  passing 
up  through  the  bright  open  flame  of  the  oven.    As  the  coking  of  the 
coal  advances  most  slowly  and  regularly  from  the  top  of  the  heap 
to  the  bottom,  only  one  layer  is  affected  at  a  time,  and  in  succes- 
sioa  downwards,  while  the  surface  is  always  covered  with  a  stratum 
of  red  hot  cinders,  ready  to  consume  every  particle  of  car- 
buretted  or  sulphuretted  hydrogen  gases  which  may  escape 
from  below.    The  greatest  mass,  when  calcined  in  this  down- 
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ward  order,  cannot  emit  into  the  atmosphere  any  more  of  the  above-mentioned  gases 
than  the  smallest  heap. 

The  coke  being  perfectly  freed  from  all  fuliginous  and  volatile  matters  by  a  cal- 
cination of  upwards  of  40  hours,  is  cooled  down  to  moderate  ignition  by  sliding  in 
the  dampers,  and  sliding  up  the  doors,  which  had  been  partially  closed  during  the 
latter  part  of  the  process.    It  is  now  observed  to  form  prismatic  concretions,  some- 
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what  l.ke  a- columnar  mass  of  basalt.  These  are  loosened  by  iron  bars,  lifted  out 
w^th\ ^T''^f  T'}  iron  shanks,  which  are  poised  upon  swing  ch^ns 
with  hooked  ends,  and  the  lumps  are  thrown  upon  the  pavement,  to  be  ex  ineuished 
by  spnnkhng  water  upon  them  from  the  rose  of  a  watering  can  ;  or  they  St  be 
transferred  mto  a  large  chest  of  sheet-iron  set  on  wheels  and  then  covered  ud 

totS^-rmi-abX^^^^^^^^^^  ^ig^-co^nstructedS  rnfsee. 

nefmiToTcot^^^^^^^^  I-l,  introduced  a 
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"  A  short  time  ago  a  plan  was  nicntioned  to  the  writer  as  having  heen  ussd  in 
Westphalia,  by  whicli  wood  was  charred  in  small  kilns :  as  the  form  of  kiln  described 
■was  ([uite  new  to  him,  it  led  him  to  some  reflection  as  to  the  principles  on  which  it 
acted,  which  were  found  to  be  so  simple  and  etJ'ectiye,  that  he  determined  to  apply 
them  on  a  large  scale  for  coking  coal.  The  result  has  been  that  in  the  course  of  a 
few  months  the  original  idea  has  been  so  satisfactorily  matured  and  developed,  that 
instead  of  coking  6  tons  of  coal  in  an  oven  costing  £80,  150  tons  of  coal  are  now 
being  coked  at  once  in  a  kiln  costing  less  than  the  former  single  oven. 

"  Fign.  !)!i5  and  556  are  a  side  elevation  and  plan  of  one  of  the  new  coking  kilns 
to  a  small  scale ;  Fig.  557  is  an  enlarged  transverse  section. 
555 
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"  D  B  are  the  walls  of  the  kiln,  which  are  provided  with  horizontal  fines,  e,  r, 
which  open  into  the  side  or  bottom  of  the  mass  of  coal.  Connected  with  each 
of  these  flues  are  the  vertical  chimneys,  g,  h.  The  dotted  lines  i  I,  fig.  556, 
represent  a  movable  railway,  by  which  the  coal  may  be  brought  mto  the  kiln  and 
the  coke  removed  from  it.  In  filling  the  kiln  with  coal,  care  is  taken  to  preserve 
transverse  passages  or  flues  for  the  air  and  gases  between  the  corresponding  flues 
E  F  in  the  opposite  walls.  This  is  efi-ected  by  building  or  constructing  the  passages 
at  the  time  with  the  larger  pieces  of  coal,  or  else  by  means  of  channels  or  flues  per- 
manently formed  in  the  bed  of  the  kiln.  When  the  coal  is  of  different  sizes,  it  is  also 
advantageous  to  let  the  size  of  the  pieces  diminish  towards  the  top  of  the  mass.  The 
surface  of  the  coal  when  filled  in  is  covered  with  small  coal,  ashes  and  other  suitable 

Wh;n  the  kiln  is  filled  the  openings  k  at  the  ends  are  built  up  with  bricks  as 
shown  dotted ;  the  kiln  is  not  covered  by  an  arch,  but  left  entirely  open  at  the  top 
The  apertures  of  the  flues  f  and  the  chimneys  g  are  then  closed,  as  shown  x^fig.  5o/, 
and  the  coal  is  ignited  through  the  flues  e  ;  the  air  then  enters  the  flues  e  and  passes 
through  the  coah  and  then  atcends  the  chimneys  H,  as  shown  by  the  arrows  \N  hen 
the  current  of  a  r  has  proceeded  in  this  direction  for  some  hours,  the  Apes  E  and 
chimneys  H  are  closed,  and  f  and  g  are  opened,  which  reverses  the  d>recUon  of  he 
cu™cnt  of  air  through  the  mass.  This  alternation  of  the  current  is  repeated  as  of  en 
as  may  be  required.  At  the  same  time  air  descends  through  the  upper  surface  of  the 
as  "i^y  i'^  "^"''^Jji;  i-  ^ell  ignited,  which  takes  place  in  from  24  to  36 
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easily  regulated  or  equalised  by  opeuiug  or  closing  wholly  or  partially  the  apertures 
of  the  flues  or  chimneys.  The  top  surface  of  the  coal  being  kept  cool  by  the  descend- 
ing current  of  air,  the  workman  is  enabled  to  walk  over  it  during  the  operation  ;  lie 
inserts  from  time  to  time  at  different  parts  of  the  surface  an  iron  bar,  which  is  easily 
pushed  down  until  it  reaches  the  mass  of  coke,  by  which  its  further  descent  is  pre- 
vented. In  this  way  the  workman  gauges  the  depth  at  which  the  coking  process  is 
taking  place,  and  if  he  finds  it  to  have  progressed  higher  at  one  part  than  at  another,  he 
closes  the  chimneys  communicating  with  that  part,  and  thus  retards  the  process  theie, 
This  gauging  of  the  surface  is  carried  on  without  difficulty  until  the  coking  process 
has  arrived  close  to  the  top.  The  gases  and  tarry  vapours  produced  by  the  distilla- 
lation  or  combustion  descend  through  the  interstices  of  the  incandescent  mass  below, 
and  there  deposit  a  portion  of  the  carbon  contained  in  them,  the  residual  gases  pass- 
ing up  the  chimneys.  The  coke  at  the  lower  part  of  the  kiln  is  effectually  protected 
from  the  action  of  the  a.r,  by  being  surrounded  and  enveloped  in  the  gases  and  vapours 
which  descend  through  It  and  are  non-supporters  of  combustion 

"When  the  mass  of  coal  has  been  coked  up  to  the  top,  which  takes  place  in  about 
seven  days,  it  is  quenched  with  water,  the  walls  closing  the  end  openings  k,  are  taken 
down,  and  the  coke  is  removed.  When  a  portion  has  been  removed,  a  movable  rail- 
"^^.r^l  1,  ^°     '°  facilitate  the  removal  of  the  remainder  of  the  coke 

Ihe  flues  E  and  f  may  enter  at  the  bottom  of  the  kiln,  or  at  the  sides  above  the 
bo  om,  as  in  fig.  557;  in  the  latter  case  the  space  below,  up  to  the  level  of  the 
JadiTpdl  .  'f^"'!^'"-^  ''"/"^•^  «o^'.^tich  becomes  coked  by  the 

tbP  ^,1  *  '  mcandescent  mass  above.    The  transverse  passages  through 

the  mass  are  then  constructed  upon  this  bed  of  small  coal  with  the  larger  lumps  of 
coal,  as  before  mentioned.    The  flues  and  chimneys  need  not  necessarily  be  horkonta 
and  vertical ;  and  instead  of  connecting  a  separate  chimney  with  each  transverse  flue 
flues  nnay  be  constructed  longitudinally  in  the  walls  of  the  kiln,  so  as  to  connic  t  wo 
more  of  the  transverse  flues,  which  are  then  regulated  by  dampers  convev  0^  *^! 
TeTll'f'"'Vl°'t  '""'"^  i°to  chimneys  of  any  conve JientTeightrthe  ^nl  *  e- 

fromZs  'm:m°oir'  °^        S^^^--  -  -e  induced  to  quote  yet  further 

th;SltinTo1Th:?oS"afwrhl'^^^^^  aporous  mass;  but  this  is  doneduring 

minute  bubbles  ;  but  the  pTacdca?3t  i  t^^         in  hberating  themselves  form  very 

surface  of  carbo  in  a  sm^sS^^^bf a  ef  u  ^rb? t™ast^°t1'°^  ^,  '^T 
coke  made  rapidly  has  larger  cores  and  k  i;o^hfo\.  ^  i  ,  ^  ^  general  rule, 
ingly  bears  less  blst,  and'cruEstoo  ^^^^1^^'  ' 

r^  i'S':^^:^^^^^^^  thus  expiated.    When  the 

heat  from  the  roof;  enough  air  Is' adminpH   n  ^^l  '"'"'^''^  "-adiated 

coal,  and  thus  a  high  tempfratuL  s  mZfntp^^  -Tr"""  l^l  «ff  ^7  the 

by  this  means  melttd  ;  an^t WporS Tit  whM  ""1  ^he  coal  is 

temperature,  can  of  themselves  form  I?  influence  of  a  high 

at  the  mome'nt  of  their  X  ldofsman  bubhl'rP°"°n''  ''"^  6'^^°  '""'•miS 
safe  from  waste,  unless  a  further  sTpp  y'of  ai^^  ^^'^"'^^         left  is  quit! 

this  stage  of  the  process,  the  coke  assumes  «  In  /°  ^l""^  ^''^^^^  t°  it-  At 

columnar  structure.  When  the  coke  f/lpft  f  P^^^'^gonal  or  five-sided  shape,  and 
formed,  it  becomes  harder  and  works  better  rm  berni'f  '°  r^T^  ^'''^  ^ 
furnace  and  decrepitate  on  exposure  to  the  blasl  ^      '  ''^"'^  '°  ""^^^^  the 

yielk  of^;^^^^^^^^^^^^  the  oven  the  better  the 

ovens.    This  fact  is  however  the  rS  of  \H     »  ^  "P       temperature  of  the 

coal  IS  melted  as  above  mentioLd  the  hwlt?  '°  chemists.    When  the 

carbon  for  each  two  atoms  o ' hydrolen  formirnr  T  »P  «toms 

-t^a  higher  temperature  than  the  ^ff^^^^^^i^l^^^;^^ 
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hydrogen  gas  is  exposed  to  a  bright  red  heat  it  is  decomposed,  forming  carburetted 
hydrogen  gas  (CIP),  and  depositing  one  atom,  or  one  half  of  its  carbon,  in  a  solid 
form.  Consequently  in  the  process  of  coiling,  if  the  o^en  is  in  good  working  order  and 
the  colie  hot  enough,  the  liberated  carbon  is  detained  in  its  passage  upwards,  and  either 
absorbed  by  the  coke,  or  crystallised  per  se  upon  it.  This  is  simply  illustrated  by 
passing  ordinary  illuminating  gas  through  a  tube  heated  to  a  bright  red  heat ;  the  tube 
will  soon  become  coated  internally  and  ultimately  filled  with  a  carbonaceous  deposit 
produced  by  the  decomposition  of  the  bicarburetted  hydrogen  contained  in  the  gas. 

"  It  is  found  that  some  coal  which  is  too  dry  or  not  sufficiently  bituminous  to  coke 
when  put  into  the  oven  by  itself  in  lumps,  will  coke  perfectly  if  crushed  small  and 
well  wetted  with  water  and  charged  in  this  state.  This  fact,  if  followed  out,  would  lead 
to  an  examination  of  the  chemical  nature  of  the  effect  produced  by  the  water,  and 
would  point  the  way  to  further  improvements." 

"  Charred  Coal,"  as  it  is  called,  must  be  regarded  as  a  species  of  coke.  It  has  been 
largely  employed  in  lieu  of  charcoal  in  the  manufacture  of  tin  plates.  This  prepara- 
tion is  also  a  discovery  of  Mr.  Ebenezer  Rogers,  who  thus  describes  its  manufacture: 
The  preparation  of  the  "  charred  coal "  is  simple.  The  coal  is  first  reduced  very 
small,  and  washed  by  any  of  the  ordinary  means  ;  it  is  then  spread  over  the  bottom 
of  a  reverberatory  furnace  to  a  depth  of  about  four  inches  ;  the  bottom  of  the  furnace 
is  first  raised  to  a  red  heat.  When  the  small  coal  is  thrown  over  the  bottom  a  great 
volume  of  gases  is  given  off,  and  much  ebullition  takes  place  :  this  ends  in  the  pro- 
duction of  a  light  spongy  mass,  which  is  turned  over  in  the  furnace  and  drawn  in  one 
hour  and  a  half.  To  completely  clear  off  the  sulphur,  water  is  now  freely  sprinkled 
over  the  mass  until  all  smell  of  the  sulphuretted  hydrogen  produced  ceases.  Charred 
coal  has  been  hitherto  produced  on  the  floor  of  a  coke  oven,  whilst  red  hot  after 
drawing  the  charge  of  coke.    See  Tin  Plate  Manufacture.  ^ 

A  process  has  for  some  time  been  gaining  ground  in  France  known  as  the  "  Sysleme 
Appolf  from  its  being  introduced  by  two  brothers  of  that  name.  The  coking 
furnaces  employed  are  vertical,  and  they  are  in  compartments.  The  authors  have 
published  a  description  of  their  process  and  a  statement  of  its  results,  "  Carbonisation 
Je  la  HouiUe  Systeme  Appolt,  decrit  par  les  Auteurs,  MM.  Appolt  Freres :  Pans, 
1858;  to  which  we  must  refer  ourreaders.      „    ^    ,  -n  ,i      i?-  a 

COLCOTH  AR  OF  VITRIOL  {Rouge  d'  Angleterre,  Fr.  ;  Mothcs  Eisenoxyd, 
Germ  \  the  antiquated  name  of  an  oxide  of  iron.  It  is  the  brown- red  peroxide  of 
iron  produced  by  calcining  sulphate  of  iron  with  a  strong  heat,  levigating  the  result- 
ing mass,  and  elutriating  it  into  an  impalpable  powder.  A  better  way  of  making  it,  so 
as  to  complete  the  separation  of  the  acid,  is  to  mix  100  parts  of  the  green  sulphate  of 
iron  with  42  of  common  salt,  to  calcine  the  mixture,  wash  away  the  resulting  su  phate 
of  soda,  and  levigate  the  residuum.  The  sulphuric  acid  in  this  case  expels  the 
chlorin;  of  the  salt  in  the  form  of  muriatic  acid  gas,  and  saturates  its  alkaline  base 
produced  by  the  chemical  reaction;  whence  an  ox.de  will  be  obtamed  free  from  acid, 
much  superior  to  what  is  commonly  found  in  the  shops.  The  bes  sort  Pohsl.mg 
powder  called  jeweller^s  rouge,  or  plate  powder,  is  the  precipitated  oxide  of  iron 
prepared  by  adding  solution  of  soda  to  solmion  of  copperas,  washing,  drying,  and 
cllcining  the  powder  m  shallow  vessels  with  a  gentle  heat,  tiU  it  assumes  a  deep 
brown-red  colour.  „  ^^^latile  base  discovered  by  Anderson  in  bone  oil.  and 
suWently  found  in  shale  naphtha,  in  the  basic  fluid  obtained  by  acting  on  c,n- 
chonlne  with  potash,  and  in  common  coal  naphtha.    Its  density  is  0-921,  and  Us 

It  could  be  dissoivea  m  emei.  _      "-vi  Minllie  ascertained,  after  many  trials, 

ZtTefolSn^"^^^^^^^^^^^^  -^'^P— ^ 

using  a  mixture  of  nitrate  of  potash  and  ^^^^^^^^f^^^^-^^^^^  of  M.  Miallie's  process 
pSr  the  '""7^;°-^^^^^  chemist,  that^otton 

^^>SS'Sosi^'\:^^^^^^  --^^"S  the  ahereaUolutmn  :  - 

Finely  powdered  nitrate  of  potash  -         -         -         *  _ 
Concentrated  sulphuric  acid        -         ^         "         "         _  g 

Mix  thTirwith  the  sulph;ic  acid'in  a  porcelain  vessel,  then  add  the  cotton,  and 
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agitate  the  mass  for  three  minutes  by  the  aid  of  two  glass  rods.  Wash  the  cotton,  -with- 
out first  pressing  it,  in  a  large  quantity  of  water,  and  when  all  acidity  is  removed 
(indicated  by  litmus  paper),  press  it  firmly  in  a  cloth.  Pull  it  out  into  a  loose 
mass,  and  dry  it  in  a  stove  at  a  moderate  heat. 

The  compound  thus  obtained  is  not  pure  falminating  cotton  ;  it  always  retains  a 
small  quantity  of  sulphuric  acid,  is  less  inflammable  than  gun  cotton,  and  it  leaves  a 
carbonaceous  residue  after  explosion.  It  has,  however,  in  a  remarkable  degree 
the  property  of  solubility  in  ether,  especially  when  mixed  with  a  little  alcohol,  and 
it  forms  therewith  a  very  adhesive  solution,  to  which  the  name  of  collodion  has  been 
applied. 

Preparation  of  Collodion, 

Parts  by  weight. 

Prepared  cotton    -  -  -  -  -  -  8 

Rectified  sulphuric  ether  ------  125 

Rectified  alcohol  -------8 

Put  the  cotton  with  the  ether  into  a  well-stopped  bottle,  and  shake  the  mixture  for 
some  minutes.  Then  add  the  alcohol  by  degrees,  and  continue  to  shake  until  the  whole 
of  the  liquid  acquires  a  syrupy  consistency.  It  may  be  then  passed  through  a  cloth, 
the  residue  strongly  pressed,  and  the  liquid  kept  in  a  well  secured  bottle. 

Collodion  thus  prepared  possesses  remarkable  adhesive  properties.  A  piece  of  linen 
or  cotton  cloth  covered  with  it  and  made  to  adhere  by  evaporation  to  the  palm  of  the 
hand,  will  support  a  weight  of  twenty  or  thirty  pounds.  Its  adhesi  ve  power  is  so  great 
that  the  cloth  will  commonly  be  torn  before  it  gives  way.  The  collodion  cannot  be 
regarded  as  a  perfect  solution  of  the  cotton.  It  contains  suspended  and  floating  in  it 
a  quantity  of  vegetable  fibre,  which  has  escaped  the  solvent  action  of  the  ether.  The 
liquid  portion  may  be  separated  from  these  fibres  by  a  filter,  but  it  is  doubtful  whether  this 
is  an  advantage.  In  the  evaporation  of  the  liquid  these  undissolved  fibres  by  felting  with 
each  other  appear  to  give  a  greater  degree  of  tenacity  and  resistance  to  the  dried  mass. 

For  the  application  of  collodion  to  photography,  see  Photography. 

COLOUK.  In  Physics,  a  property  of  light,  producing  peculiar  impressions  through 
the  eye,  to  which  we  give  the  substantive  term  Colour.  Every  surface,  dilFering 
in  its  mechanical  structure  or  chemical  character,  acts  difi'erently  towards  the  light 
falling  on  it,  and  according  to  the  amount  of  absorption,  or  reflection,  or  refraction°so 
is  the  colour  of  the  ray.  White  is  an  entire  reflection,  and  black  a  total  absorption, 
of  all  the  rays,  and  consequently  are  not  colours.  Water  Colours  will  be  distinctly 
named  under  their  several  heads.  The  following  valuable  table  has  been  corrected 
with  much  care,  after  a  very  extended  series  of  experiments. 


Table  of  Oil  Painters'  Colours,  with  Notices  of  their  Chemical  and  Artistical 
Properties,  by  William  Linton,  Associate  Juror  for  the  Examination  of  the 
Colours  sent  from  various  Parts  of  the  World  to  the  Great  Exhibition  of  1851. 


Colours. 

Chemical  nesit^ation 
and  Preparation. 

.Artistical  Properties  and 
Durability. 

Additional  Colours,— witli  Remarks. 

WHITES. 

Flake  White. 

1 

Carbonate  of  Lead, 
with  an  excess  ol' 
Oxide.    Plates  of 
le.id,  exposed  to 
the  action  of  vine- 
gar-steam in  beds 
of  fermenting  tan. 

The  best  White  extant 
for  Oil  or  Resin  vehicles 
when  pure,  which  is 
generally  ascertained 
by  its  exceeding  white- 
ness and  opacity.  Its 
usual  adulterations  are 
Sulphate  of  Earytes, 
Chalk,  Pipe-clay,  &c., 
all  of  which  are  partially 
transparent,  and  conse- 
(juently  appear  darker 
in  unctuous  or  resinous 
vehicles.  It  has  no  in- 
jurious action  upon 
Vegetable  and  other 
colours,  as  some  have 
conjectured.  It  is  per- 
fectly soluble  in  diluted 
Nitric  or  Acetic  Acid 
when  free  from  Pipe- 
clay or  Sulphate  of  Ba- 
rytes.  It  is  blackened 
by  the  foixl  gases  com- 
mon to  most  domeslic 
atmospheres,  and  is 
more  secure  in  a  rapidly 
drying  and  protective 
vehicle. 

p  5> 

There  are  other  Whites  of  Lead, 
varying  in  body  and  brilliancy, 
and  equally  obnoxious  to  the 
action  of  mephltic  vapours ;  as 
Krems,  Roman,  and  Venetian 
Whiles,  and  Sulphate  of  Lead, 
The  Whites  oi  Bismuth,  Pearl, 
and  Antimony  are  injured  by 
light  as  well  as  by  mephitic 
vapours.    Those  of  Zinc,  Tin, 
and  Barytes,  although  they  are 
comparatively  secure  against 
the  foul  gases,  are  too  feeble 
in  body  to  be  satisfactory  in 
unctuous  or  resinous  vehicles. 
Pattinson's  Oxichlorideof  Lead, 
a  denser  preparation,  forms  an 
admirable      substratum  for 
works  in  which  a  powerful 
impasto  is  desired. 
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Colours. 


Chemk'nl  DeslKnatioii 
and  I'reliftratlon. 


Slrotih'an 
Ytiloui. 


Cadmium 
Yellow. 


Yellozv,  Oxford, 
Roviaii,  Stone, 
Brown,Sienna, 
with  Orange, 
Puce,  Purple, 
and  other  In- 
dian and  Ame- 
rican Ochres. 


Jaune  de  Mars. 


Chromateof  Stron- 
tian.  A  Solution 
of  Chloride  of 
Strontian  added 
to  one  of  Chro- 
inate  of  Potash. 


Light  Red. 


Indian  Red. 


Vermilion. 


Madder  Lakes. 


Sulphuret  of  Cad- 
mium. A  com- 
bination of  Cad- 
mium and  Sul- 
phur. 


NativeEarths,  con- 
sisting of  Silica 
and  Alumina,  co- 
loured by  Oxide 
of  Iron. 


A  Chemical  Pre- 
paration with  si- 
milar properties. 


Artiutical  Pniiiertica  anil 
DuMlilllly. 


Of  a  pale  Canary  Colour, 
Uesisis  the  action  ot'tlii- 
foul  ^ases  and  light,  and 
Is  perfectly  durab.e. 


A  rich  and  brilliant 
Orange.  Resists  the 
action  of  the  foul  gases, 
light,&c.,and  is  perfectly 
durable.  A  good  subsii. 
tute,  like  Strontian 
Yellow,  for  Naples, 
Chrome,  and  other 
changeable  Mineral 
Yellows. 


All  permanent  Colours, 
whether  Native,  Arli- 
ficial,  or  Burnt.  The 
Oxides  of  Iron  are 
among  the  most  staple 
colours  of  the  palette. 
When  properly  washed 
and  prepared  for  oil 
painting,  they  are  inca- 
pable of  injuring  other 
colours,  and  may  be  said 
to  constitute  tlie  sound- 
est materials  with  which 
the  chemistry  of  nature 
has  furnished  the 
painter  for  the  imita- 
tion of  her  works. 


Palladium  Red, 


Yellow  Ochre, 
Burnt. 


A  Native  Iron 
Oxide. 


Bisulphuret  of 
Mercury.  Mer- 
cury and  Sulphur 
combined. 


Vegetable  dyes  on 
earthy  bases. 


Ammonio-perchlo- 
ride  of  Palladium. 


Sound,  useful,  and 
durable  colours. 


A  beautiful  colour,  ,ind 
of  an  excellent  body. 
Quite  permanent,  and 
not  affected  by  acids  or 
caustic  alkalies.  Va- 
porised by  a  red  heat,  if 
pure. 


Bich  and  beautiful 
colours. 


A  rich,  deep,  and 
beautiful  colour. 


Atlilitlonal  Colours,— with  R«marlts. 


riiereare other  Mineral  Yellows, 
but  they  are  all  more  or  h  ss 
objcctiiinatile.  The  Chromales 
of  Lead,  like  all  preparations 
of  tliat  inetal,  are  blackened  by 
the   foul  gases.     The  unind 
oxides  of  I, cad  and  Antimony 
fornish  Naples  Yellow,  a  colour 
readily  affected  by  Sulpliuret- 
ted  Hydrogen  and  other  foul 
gases,  as  well  as  by  light,  and 
by  a  moist  steel  spatula.  Tur- 
pith  Mineral  or  Subsulpliate  of 
Mercury  is  rapidly  blackened 
by  light,  and  by  the  foul  airs. 
Orpimetit,  or  King's  Yeliow 
(Arsenic    and     Sulphur),  is 
equally  destructible  j  also  Pa- 
IciLt   Yetluin  (Lead  and  .Salt 
heated  violently). 
The  Zinc   Yellows,   of  which 
many  have  been  published,  are 
too  deficient  in  body  for  oil. 
Chromate  of   Cadmium  .md 
Oxide  of  Uranium  are  feeble 
in  body  and  seriously  injured 
by  mei)hitic airs, and  Chrontate 
of  Mercury  and  Oxide  of  Ce- 
rium are  destn^yed  by  them. 
Madder  Yellow,  like  Madder 
Red,  is  dissipated    by  light. 
Chromate  of  Barytes  (Lemon 
Yellow)  is  too  feeljle  in  body  in 
Oil.    Massicot  blackens  with 
foul  air;  so  do  Chrome  Yellow, 
and    Chrome    Orange,  and 
Jaune  Mineral,  being  prepara- 
tions of  lead.    Besides  the  Eu- 
ropean Ochres,  may  be  noticed 
a  great  varirty,  of  almost  every 
conceivable    tint,    of  Red, 
Orange  yellow,  and  Purple, — 
from  Hindostan,  Canada,  and 
Trinidad,  wliich  were  in  the 
Great  Exhibition  of  1851.  They 
.ire  perfectly  durable. 
Palladium   Yellow    is  better 
avoided,  so   is    Golden  Sul- 
phuret  of  Antimony.  Chro- 
mate of  Tin  darkens  in  oil,  and 
Platinum  Yellow  is  wortliless. 
Gamboge  (vegetable)  bleaches 
in  the  light.    Brown-pink,  and 
others  of  the  same  class  are 
also  evanescent  in  their  layers. 
The  Vegetable  Yellows  are  not 
to  be  depended  upon.  They 
soon  disappear  when  applied  in 
delicate   tints  or   thin  glaz- 
ings, especially  if  subjected  to 
the  action  of  the  solar  rays. 


There  are  other  Mineral  Reds 
which  are  durable,  but  they  .ire 
of  inferior  quality,  and  are  not 
needed.  Native  Cinnabar  is  in- 
ferior in  every  respect  to  Ver- 
milion. Venetian  Red  is  an 
inferior  representative  of  In- 
dian Red,  and  Colcothar  a  still 
coarser  one.  i?ediend  blackens 
in  oil  ;  and  Iodide  of  Mercury 
has  no  claim  to  durability.  Red 
Precipitate  is  worthless.  Phos- 
phate of  Cobalt  (a  Pink  Sili- 
cate) wants  body,  and  darkens 
in  oil.  Mineral  Lake  (Tin  arid 
Chromium)  is  too  feeble  in 
body.  Lilac  and  Crimson  Sili- 
cates, from  Gold,  liave  not  body 
enough  for  oil  painting. 

Among  Vegetable  Reds,  the 
Madders  have  tlie  best  rcputa- 
tation  for  standing.  All  vegrt- 
able  colours,  liowever,  slunild 
be  looked  upon  with  suspicion 
when  used  in  thin  glazings. 
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Colours. 

Cliiiiiiinil  nr>igiialion 
anil  l'rf])arution. 

.f\rtislical  I'roiicnie!.  and 
L^urability. 

Additional  Colours,— wirh  Remarks. 

Ultramarine^ 
Native, 

UUrnniarine, 
Arlijicial, 

A  compound  of  Si. 
licate  of  Alumina 
and    Silicate  of 
Siida.  witli  Sul- 
pliuretofSodium : 
tlie  colour  is  ow- 
ing to  the  reaction 
of  the  latter  on  the 
two  former  con- 
stituents. 
The  Nati\'e  is  pre- 
pared from  Lapis 
lazuli. 

A    brilliant  purplish- 
blue.   None  of  the  me- 
phitic  gases  or  light  do 
it  any  injury.  Acids  will 
remove  its  colour.  It  is 
perfectly  durable  for  the 
painter.    The  artificial 
preparation  by  Zuber, 
of  Alsace  (in  the  Great 
Exhibicion  of  1851),  is 
of  a  less  purple  hue,  and 
better    fitted    for  the 
aerial  tints    of  land- 
scape. 

There  are  other  Mineral  Blues, 
but  they  are  better  avoided. 
The  Silicate    of  Cobalt  and 
Potassamake  Cobalt  Blue;  and 
the  Oxide  of  Cobalt  and  Po- 
tassa  make  Smalt :  both  feeble 
pigments.  Verditer  and  all  the 
Copper  Blues  turn  Green,  and 
darken  in  oil,    A  Blue  Frit,  a 
Sillcateof  Copper  (Alexandrian 
Blue),  brought  by  Mr.  Layard 
from  Nineveh,  which  has  re- 
tained its  colour  for  probably 
"(000  years,  turned  black  when 
mixed  with  oU.    The  perma- 
nence   of    Vitreous  (called 
Silica)  colours,  when  levigated 
lor  pigments,  is  a  delusion. 

Thev   are   Qiihipff    Vr.  ^11  t\,a 
A  iicj   die   suuject   to  ail  rne 

changes  and  affinities  of  the 

substances     which  compose 

them.    Prussian  Blue  is  liable 

to  change.  Indigo  fades  in  the 

light. 

Chromium 
Green. 

Sesquioxide  of 
Cliromium. 

When  Chromate 
of  IVIercury  (the 
Orange  precipi- 
tate on  mixing 
Nitrate  of  Mer- 

mate  of  Potash)  is 
strongly  ignited, 
Oxide  of  Cliro- 
mium remains  in 
a  powder. 

An  opaque  light  Green, 
nf  a  full  body,  and  per- 
manent in  all  respects. 
It  is  the  colouring  mat- 
ter of  emeralds. 

There  are  other  Mineral  Greens, 
Those  from  the.Artificial  Ultra, 
marine  process,  though  dura- 
ble, are  wanting  in  body  and 
richness.      The  Phosphates, 
Catbonates  (Malachite),  Disul- 
phates,  and  Acetates  of  Copper, 
with    Mineral,  Verditer.  and 
Verdigris  Greens,are blackened 
by  foul  gases,  and  deoxidised 
or  darkened  by  oil.  Nickel 
Green  also  darkens  andblackens 
in  oil.    Scheele's  Green  (Vert 
Metis),   Arsenite  of  Copper, 
darkens  m  oil  and  foul  air. 
Zinc  or  Cobalt  Green  (liin- 
man's   Green)  is  permanent, 
but  inferior  in  body  and  colour 
to  the  Green  of  Chromium. 

Terre  Verte. 

Silicate  of  Prot- 
oxide   of  Iron, 
with  Water,  Po- 
tassa,  and  Mag- 
nesia.   A  Native 
Mineral. 

A  delicate  neutral  Green. 
Quite  permanent.  Like 
Ultramarine,  its  col.iur 
is  destroyed  by  acids. 

Vandyke,  Cap- 
pah,  liuheiis, 
Cassr/.mdCo- 
lugne  Browns. 

Decomposed  Ve- 
getable, with  lii- 
luniinous  Matter. 

The  best   when  deep 
rich,  and  transparent.' 

There  are  other  Browns,  but 
many  of  them  are  less  durable 
Madder  Brown,  like  all  the 
other  Madders,  is  liable  to  fade 
Ivory  and  Bone  Browns  are  not 
so  permanent  as  the  blacks  of 
those   substances.  Catechu 
Brown,  rich  and  transparent 
is  subject  to  fly  when  laid  on 
thinly.    Manganese  Brown  is 
semi.opaque,  but  a  good  drier 
1  russian  Brown  (Ferrocvanide 
of  Copper)  is  affected  by  foul 
gas,  and  destroyed  by  Alkalies. 
Calcined  Prussian  Blue  is  a  tine 
Brown,  but  troublesome  to  pre- 
pare.   The  peaty  Browns,  pro- 
uaiiiy    irom    their  vegetable 
colouring  matter,  have  a  slight 
tendency  to  become  paler  when 
used  very  thinly,  and  exposed 
to  strong  light. 

Terre  Verte 
Brown. 

Terre  Verte. 
Burnt. 

A  quiet  beautiful  colour. 

1  BUOWNS. 

Umber. 

An  Iron  Ore  with 
Manganese. 

An  useful  colour  both 
Raw  and  Burnt. 

Mummt/, 

White  Pitch  and 
Myrrh,  combined 
with  Animal  Mat- 
ter. 

Rich  transparent  Brown. 

Asphatlum. 

Bitumen.    A  Mi- 
neral   Pitch  or 
Resin  found  dilat- 
ing on  the  Dead 
Sea ;    ;ilso  idler 
the  distillation  ol 
Natural  Najditha. 

Asphaltum  is  liable  to 
'  rack  except  when  in 
an   unctuous  or  waxy 
vehicltj 

Ivory  Black. 

Burnt  Ivory. 

Of  a  Brownish-black 
tint,  quite  permanent 

^^uX          °"'er  permanent 
Blacks,  as  Bone-black  (Burnt 
Bones   Lamp-black  (pu  e  Car. 
boil),  the  Soot  of  BuTnt  Res[„ 

bliek  yT,""""-  M-'-'ganese- 
idaek,  a  native  product  and  .. 
good  drier  (Peroxide  of  Ma„'' 
ganpse).    There       ni.„  u!  , 
r\  I           A  nere  are  also  Black 
Oc^hres,  native  earths,  but  thev 
are  not  required.  ' 

BLACKS. 

Bhic-black. 

BurntVine  Twigs, 
&c.  Common 
Blacks  mixed 
with  insecure 
Blues  are  some- 
times substitnted 
by  empirics.  The 
Hlue-black  of  the 
ancients  was 
made    with  the 
lees  of  wine 

Of  a  Bluish,  black  tint, 
nerfertlv  rliir-iiti.. 
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COLOURING  MATTERS.  The  colour  of  any  object,  either  natural  or  artificial, 
owes  its  origin  to  the  effect  produced  on  it  by  the  rays  of  light.  This  effect  is  either  due 
to  the  mass  or  substance  of  the  body  itself,  as  may  be  %een  in  the  colours  of  metals  and 
many  shells,  or  it  arises  from  the  presence  of  some  foreign  substance  or  substances 
rot  absolutely  essential  to  it,  and  -which  may  in  many  cases  be  separated  and  removed 
from  it.  It  is  in  speaking  of  these  foreign  substances  which  are  often  found  colouring 
natural  objects,  or  which  are  employed  in  the  arts  for  the  purpose  of  imparting  colours 
to  various  materials,  that  we  generally  make  use  of  the  term  colouring  matter. 
By  chemists,  however,  the  term  is  only  applied  to  organic  bodies  and  not  to  mineral 
substances,  such  as  oxide  of  iron,  cinnabar,  ultramarine,  &c.,  which,  though  they  are 
employed  as  pigments  in  the  arts,  differ  very  widely  in  their  properties  from  one 
another  and  from  colouring  matters  in  the  narrower  sense  of  the  word.  Colouring 
matters  may  be  defined  to  be  substances  produced  in  animal  or  vegetable  organisms, 
or  easily  formed  there  by  processes  occurring  in  nature  (such  as  oxidation  or  fermen- 
tation), and  which  are  either  themselves  coloured  or  give  coloured  compounds  with 
bases  or  with  animal  or  vegetable  fibre.  According  to  this  definition,  bodies  like 
carbazotic  acid  and  murexide,  which  are  formed  by  complicated  processes  such  as 
never  occur  in  nature,  are  excluded,  though  they  resemble  true  colouring  matters  m 
many  of  their  properties,  such  as  that  of  giving  intensely  coloured  compound 
bases.  Whether,  however,  even  after  accepting  the  above  definition,  colouring 
matters  can  be  considered  as  constituting  a  natural  class  of  organic  bodies,  such  as 
the  fats,  resins,  &c.,  must  still  remain  doubtful,  though  modern  research  tends  to  prove 
that  these  substances  are  related  to  one  another  by  other  properties  besides  the  acci- 
dental one  of  colour,  and  will  probably  be  found  eventually  to  belong  in  reality  to  one 

natural  class.  ,       .    ,  j  i.   i  i 

Colouring  matters  occur  in  all  the  organs  of  plants,  in  the  root,  wood,  bark,  leaves, 
flowers  and  fruit;  in  the  skin,  hair,  feathers,  blood,  and  various  secretions  of  animals; 
in  insects,  for  example,  in  various  species  of  coccus ;  and  in  mollusca,  such  as  the 
murex.  Indeed  there  are  very  few  plants  or  animals  whose  organs  do  not  produce 
some  kind  of  colouring  matter.  It  is  remarkable,  however,  that  the  colours  which  are 
most  frequently  presented  to  our  view,  such  as  those  of  the  leaves  and  flowers  of 
plants  and  the  blood  of  animals,  are  produced  by  colouring  matters  J'^^  which  we  are 
but  very  little  acquainted,  the  colouring  matters  used  in  the  arts,  and  which  have  been 
examined  with  most  care,  being  derived  chiefly  from  less  conspicuous  organs,  such  as 
the  roots  and  stems  of  plants!  In  almost  all  cases  the  preparation  of  colouring 
matters  in  a  state  of  purity  presents  great  difiicuities,  so  that  it  may  even  be  said  that 

^7omTcl\'rg"ma\"^^^^^^^ 

others  to  resins.    Hence  they  have  been  divided  into  ^■■^^ract.^e  .ni^^^^^^^^ 
matters.    These  resemblances  are  however  of  no  great  importance     Th^  Prmc^^ 
colouring  matters  possess  such  peculiar  properties  that  they  must  be  considered  as 

rt^rtL^  ^Wnt.  physical 
divided  into  three  principal  classes ;  viz.,  the  red,  yellow,       ^1^^^' i^^^^'^'J^^^^^ 

easily  be  seen  in  the  petals  of  some  ''^J^t'^'^^^  H  Jt^^^^^^^^  a  colourfng 

coloured  variety  of  the  Trop^°^''rnrnaj"she  tre^^^^^^  '  ^^b 

matter  is  extracted  which  imparts  to  the  yellow^olouring 
appear  yellow,  and  if  they  be  treated  ^it\bo  ing  ^irits  ™  ^  ^^^i^^,;  „,atter 
matter  is  extracted,  and  they  then  become  '^'^.^^^''.^^^^  in  greater  abun- 

is  absent  the  flowers  are  J^llo^v ;  when,  on  the  contrary  i  is  pre^^  plfenomena  are 
dance,  they  assume  ^f^'^^^^f^^'f^^^  boiling 
observed  in  treating  the  petals  °*  ^^\°™„io^ring  matters  exhibit,  when  in  an 
water  and  spirits  of  wine.  ^''Zr/nTour  frZ  w  they  do  when  they  enter 
uncombined  state,  an  entirely  different  ^P'^'^^*;""' Ji^^iL  for  instance,  is,  when 
into  a  state  of  combination.    The  colourmg^r^^^^^^^^^^^  compounds 

uncombined,  red,       ^•^^"■^PO""^'/''^^^^^ ''^  itself  is  reddish-yellow, 

of  alizarine  are  of  a  rich  ^'^l^t  colour,  ^hde  ^'^^^^^^^     alkalies,  and  the  blue 

Many  yellow  colouring  matters  become  brown  by  the  action  ^ 

.  Another  green  colouring  n^Uer  derWcd.rr,«n  ^^^^^^^J^'^^^-  ^ 
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colourlno-  matters  of  flowers  generally  turn  green  when  exposed  to  the  same  influence. 
The  classification  of  colouring  matters,  according  to  colour,  is  therefore  purely  arti- 
ficial. The  terms  rod,  yellow,  and  blue  colouring  matter,  merely  signify  that  the 
substance  itself  possesses  one  of  these  colours,  or  that  most  of  its  compounds  are  re- 
spectively red,  yellow,  or  blue.  In  almost  all  cases,  even  when  the  colour  is  not  entirely 
ci'anged  by  combination  wilh  other  bodies,  its  intensity  is  much  increased  thereby, 
substances  of  a  pale  yellow  colour  becoming  of  a  deep  yellow,  and  so  on. 

Colouring  matters  consist,  like  most  other  organic  substances,  either  of  carbon, 
hydrogen,  and  oxygen,  or  of  those  elements  in  addition  to  nitrogen.  The  exact  relative 
proportions  of  these  constituents,  however,  is  known  in  very  few  cases,  and  in  still  fewer 
instances  have  the  chemical  formulas  of  the  compounds  been  established  with  any  ap- 
proach to  certainty.  This  proceeds  on  the  one  hand  from  the  small  quantities  of  these 
substances  usually  present  in  the  organs  of  plants  and  animals,  and  the  difficulty  of  ob- 
taining sufficient  quantities  for  examination  in  a  state  of  purity,  and  on  the  other  hand 
from  the  circumstance  of  their  possessing  a  very  complex  chemical  constitution  and 
high  atomic  weight. 

Only  a  small  number  of  colouring  matters  are  capable  of  assuming  a  crystalline 
form;  the  greater  number,  especially  the  so-called  resinous  ones,  being  perfectly  amor- 
phous. Among  those  which  have  been  obtained  in  a  crystalline  form,  may  be  mentioned 
aHzarine,  indigo-blue,  quercitrine,  morine,  luteoline,  chrysophan,  and  rutine.  It  is  pro- 
bable, however,  that  when  improved  methods  have  been  discovered  of  preparing 
colouring  matters,  and  of  separating  them  from  the  impurities  with  which  they  are 
so  often  associated,  many  which  are  now  supposed  to  be  amorphous  ■will  be  found  to 
be  capable  of  crystallising. 

Very  little  is  known  concerning  the  action  of  light  on  colouring  matters  and  their 
compounds.  It  is  well  known  that  these  bodies  when  exposed  to  the  rays  of  the  sun, 
especially  when  deposited  in  thin  layers  on  or  in  fabrics  made  of  animal  or  vegetable 
materials,  lose  much  of  the  intensity  of  their  colour,  and  sometimes  even  disappear 
entirely,  that  is,  they  are  converted  into  colourless  bodies.  But  whether  this  process 
depends  on  a  physical  action  induced  by  the  light,  or  whether,  as  is  more  probable,  it 
consists  in  promoting  the  decomposing  action  of  oxygen  and  moisture  on  them,  is 
uncertain.  The  most  stable  colouring  matters,  such  as  indigo-blue  and  alizarine  in 
its  compounds,  are  not  insensible  to  the  action  of  light.  Others,  such  as  carthamine 
from  safflower,  disappear  rapidly  when  exposed  to  its  influence.  Colours  produced  by 
a  mixture  of  two  colouring  matters  are  often  found  to  resist  the  action  of  light  better 
than  those  obtained  from  one  alone.  In  one  case,  viz.,  that  of  Tyrian  purple,  the  action 
of  light  seems  to  be  absolutely  essential  to  the  formation  of  the  colouring  matter.  The 
leaves  of  plants  also  remain  colourless  if  the  plants  are  grown  in  darkness,  though  in 
this  case  the  formation  of  the  green  colouring  matter  is  probably  not  due  to  the  direct 
chemical  action  of  the  light. 

The  action  of  heat  on  colouring  matters  varies  very  much  according  to  the  nature 
of  the  latter  and  the  method  of  applying  the  heat.  A  moderate  degree  of  heat  often 
changes  the  hue  of  a  colouring  matter  and  its  compounds,  the  original  colour  being 
restored  on  cooling,  an  effect  which  is  probably  due  to  physical  causes.  Sometimes 
this  effect  is,  without  doubt  owing  to  the  loss  of  water.  Alizarine,  for  instance,  crys- 
tallised from  alcohol,  when  heated  to  2 12°  F.  loses  its  water  of  crystallisation,  its  colour 
changing  at  the  same  time  from  reddish-yellow  to  red.  At  a  still  higher  temperature 
most  colouring  matters  are  entirely  decomposed,  the  products  of  decomposition  being 
those  usually  afforded  by  organic  matters,  such  as  water,  carbonic  acid,  carburetted 
hydrogen,  empyreumatic  oils,  and,  if  the  substance  contains  nitrogen,  ammonia,  or 
organic  bases  such  as  aniline.  A  few  colouring  matters,  as  for  example  alizarine 
rubiacine,  indigo-blue,  and  indigo-red,  if  carefully  heated,  may  be  volatili.sed  without 
change,  and  yield  beautifully  crystaUised  sublimates,  though  a  portion  of  the  substance 
IS  sometimes  decomposed,  giving  carbon  and  empyreumatic  products. 

Colouring  matters,  like  most  other  organic  substances,  undergo  decomposition  with 
more  or  less  facility  when  exposed  to  the  action  of  oxygen  ;  and  the  process  may  indeed 
be  more  easily  traced,  in  their  case,  as  it  is  always  accompanied  by  a  change  of  hue' 
Its  effects  may  be  daily  observed  in  the  colours  of  natural  objects  belongfnff  to  the 
oi-ganic  world.  Flowers,  in  many  cases,  lose  a  portion  of  their  colour  befwe  fading 
The  leaves  of  plants,  before  they  tail,  lose  their  green  colour  and  become  red  or  vellowi 
Ihe  colour  of  venous  blood  changes,  when  exposed  to  the  air,  from  dark  red  to  lieht 
red.  When  exposed  to  the  action  of  oxygen,  blue  and  red  colouring  matters  ffenerall  v 
become  yellow  or  brown  ;  but  the  process  seldom  ends  here :  it  continues  until  the  colour 
IS  quite  destroyed  ;  that  is,  until  the  substance  is  converted  into  a  colourless  compound 
This  may  be  easily  seen  when  a  fabric,  dyed  of  some  fugitive  colour,  is  exposed  to  the 
air.  The  intensity  of  the  colour  diminishes,  in  the  first  instance;  i  then  changes  in 
hue,  and,  finally,  disappears  entirely.    Indeed,  the  whole  process  of  bleaching  in  the 
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air  depends  on  the  concurrent  action  of  oxygen,  light,  and  moisture.  The  precise 
nature  of  the  chemical  changes  which  colouring  matters  undergo,  during  this  process 
of  oxidation,  is  unknown.  No  doubt,  it  consists,  genarally  speaking,  in  the  removal 
of  a  portion  of  their  carbon  and  hydrogen,  in  the  shape  of  carbonic  acid  and  water, 
and  the  conversion  of  the  chief  mass  of  the  substance  into  a  more  stable  compound] 
capable  of  resisting  the  further  action  of  oxygen.  But  this  statement  conveys  very 
little  information  to  the  chemist,  who,  in  order  to  ascertain  the  nature  of  a  process  of 
decomposition,  requires  to  know  exactly  all  its  products,  and  to  compare  their  composi- 
tion with  that  of  the  substances  from  which  they  are  derived.  The  indeterminate 
and  uninteresting  nature  of  the  bodies  into  which  most  colouring  matters  are  converted 
by  oxidation,  has  probably  deterred  chemists  from  their  examination.  The  action  of 
oxygen  on  colouring  matters  varies  according  to  their  nature  and  the  manner  in 
which  the  oxygen  is  applied,  and  it  is  the  degree  of  resistance  which  they  are  capable 
of  opposing  to  its  action  that  chiefly  determines  the  stability  of  the  colours  produced  by 
their  means  in  the  arts.  Indigo-blue  shows  no  tendency  to  be  decomposed  by  gaseous 
oxygen  at  ordinary  temperatures;  it  is  only  when  the  latter  is  presented  in  a  con- 
centrated form,  as  in  nitric  or  chromic  acid,  or  in  a  nascent  state,  as  in  a  solution  of 
ferridcyanide  of  potassium  containing  caustic  potash,  that  it  undergoes  decomposition. 
"When,  however,  indigo-blue  enters  into  combination  with  sulphuric  acid,  it  is  decom- 
posed by  means  of  oxygen  with  as  much  facility  as  some  of  the  least  stable  of  this 
class  of  bodies.  Some  colouring  matters  are  capable  of  resisting  the  action  of  oxygen 
even  in  its  most  concentrated  form.  Of  this  kind  are  rubianine  and  rubiacine,  wliich, 
when  treated  with  boiling  nitric  acid,  merely  dissolve  in  the  liquid  and  crystallise  out 
again,  when  the  latter  is  allowed  to  cool.  The  action  of  atmospheric  oxygen  on 
colouring  matters  is  generally  promoted  by  alkalies,  and  retarded  in  the  presence  of 
acids.  A  watery  solution  of  hematine,  when  mixed  with  an  excess  of  caustic  alkali, 
becomes  of  a  beautiful  purple ;  but  the  colour,  when  exposed  to  the  air,  almost  im- 
mediately turns  brown,  the  hematine  being  then  completely  changed.  It  is  almost 
needless  to  observe,  that  the  bodies  into  which  colouring  matters  are  converted  by 
oxidation,  are  incapable,  under  any  circumstances,  of  returning  to  their  original  state. 

The  action  of  reducing  agents,  that  is  of  bodies  having  a  great  affinity  for  oxygen, 
on  some  colouring  matters,  is  very  peculiar.  If  indigo-blue,  suspended  in  water,  be 
placed  in  contact  with  protoxide  of  iron,  protoxide  of  tin,  or  an  alkaline  sulphuret, 
sulphite  or  phosphite,  or  grape  sugar,  or,  in  short,  any  easily  oxidisable  body,  an 
excess  of  some  alkali  or  alkaline  earth  being  present  at  the  same  time,  it  dissolves, 
forming  a  pale  yellow  solution  without  a  trace  of  blue.  This  solution  contains,  in 
combination  with  the  alkali  or  alkaline  earth,  a  perfectly  white  substance,  to  which 
the  name  of  reduced  indigo  has  been  applied.  When  an  excess  of  acid  is  added  to  the 
solution,  it  is  precipitated  in  white  flocks.  By  exposure  to  the  air,  either  by  itself  or 
in  a  state  of  solution,  reduced  indigo  rapidly  attracts  oxygen,  and  is  reconverted  into 
indigo-blue.  Hence  the  surface  of  the  solutions,  if  left  to  stand  in  uncovered  vessels, 
becomes  covered  with  a  blue  film  of  regenerated  indigo-blue.  It  was  for  a  long  time 
supposed  that  reduced  indigo  was  simply  deoxidised  indigo-blue,  and  that  the  process 
consisted  merely  in  the  indigo-blue  parting  with  a  portion  of  its  oxygen,  which  was 
taken  up  again  on  exposure  to  the  air.  It  has,  however,  been  discovered  that  in  every 
case  water  is  decomposed  during  the  process  of  reduction  which  indigo-blue  undergoes, 
the  oxygen  of  the  water  combining  with  the  reducing  agent,  and  the  hydrogen  uniting 
with  the  indigo-blue,  water  being  again  formed  when  reduced  indigo  comes  in  contact 
with  oxygen.  Reduced  indigo  is  therefore  not  a  body  containing  less  oxygen  than 
indigo-blue,  but  is  a  compound  of  the  latter  with  hydrogen.  There  are  several  red 
colouring  matters  which  possess  the  same  property,  that  of  being  converted  into  colour- 
less compounds  by  the  simultaneous  action  of  reducing  agents  and  alkalies,  and  of 
returning  to  their  original  state  when  exposed  to  the  action  of  oxygen.  There  can  be 
little  doubt  that  the  process  consists,  in  all  cases,  in  the  colouring  matter  combinmg  with 
hydroo-en  and  parting  with  it  again  when  the  hydruret  comes  m  contact  with  oxygen. 

The  action  of  chlorine  on  colouring  matters  is  very  similar  to  that  of  oxygen,  though, 
in  general,  chlorine  acts  more  energetically.  The  first  effect  produced  by  chlorme, 
whether  it  be  applied  as  free  chlorine,  or  in  a  state  of  combination  with  an  alkali,  or 
alkaline  earth  as  an  h^  pochlorite,  usually  consists  in  a  change  of  colour.  Blue  and 
red  colouring  matters  generally  become  yellow.  By  the  continued  action  of  chlorine 
a'l  trace  of  colour  disappears,  and  the  final  result  is  the  formation  of  a  perfectly  white 
substance,  which  is  usually  more  easily  soluble  in  water  and  other  menstrua  than  that 
from  which  it  was  formed.  Since  it  is  most  commonly  by  means  of  chlorine  or  its 
compounds  that  colouring  matters  are  destroyed  or  got  rid  of  in  the  arts  as  m  bleaching 
fabrics  and  discharging  colours,  the  process  of  decomposition  which  they  undeijo  b> 
means  of  chlorine  has  attracted  a  good  deal  of  attention,  and  the  na  ure  ot  the  cheuiical 
changes,  which  take  place  in  the  course  of  it,  has  often  been  made  a  subject  of  dispute, 
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though  the  matter  is  one  possessing  more  of  a  theoretical  than  a  practical  interest.  It 
is  a  well  known  fact  that  many  organic  bodies  are  decomposed  when  they  are  brought 
into  contact,  in  a  dry  state,  with  dry  chlorine  gas.  The  decomposition  consists  in  the 
elimination  of  a  portion  of  the  hydrogen  of  the  substance  and  its  substitution  by 
chlorine.  When  water  is  present  at  the  same  time,  the  decomposition  is,  however,  not 
so  simple.  It  is  well  known  that  chlorine  decomposes  water,  combining  -witii  the 
hydrogen  of  the  latter  and  setting  its  oxygen  at  liberty,  and  it  has  been  asserted,  that  in 
the  bleaching  of  colouring  matters  by  means  of  chlorine  when  moisture  is  usually 
present,  this  always  takes  place  in  the  first  instance,  and  that  it  is  in  fact  the  oxygen 
which  elfects  their  destruction,  not  the  chlorine.  This  appears,  indeed,  to  be  the  case 
occasionally.  Rubian,  for  instance,  the  body  from  which  alizarine  is  derived,  gives, 
when  decomposed  with  chloride  of  lime,  phthalic  acid,  a  beautifully  crystallised  sub- 
stance, containing  no  chlorine,  which  is  also  produced  by  the  action  of  nitric  acid  on 
rubian,  and  is,  therefore,  truly  a  product  of  oxidation.  In  many  cases,  however,  it  is 
certain  that  the  chlorine  itself  also  enters  into  the  composition  of  the  new  bodies 
produced  by  its  action  on  colouring  matters.  When,  for  instance,  chlorine  acts  on 
indigo-blue,  chlorisatine  is  formed,  which  is  indigo-blue,  in  which  one  atom  of 
hydrogen  is  replaced  by  one  of  chlorine,  plus  two  atoms  of  oxygen,  the  latter  being 
derived  from  the  decomposition  of  water. 

The  behaviour  of  colouring  matters  towards  water  and  other  solvents  is  very  various. 
Some  colouring  matters,  such  as  those  of  logwood  and  brazilwood,  are  very  easily 
soluble  in  water.  Others,  such  as  the  colouring  matters  of  madder  and  quercitron  bark, 
are  only  sparingly  soluble  in  water.  Many,  especially  the  so-called  resinous  ones,  are 
insoluble  in  water,  but  more  or  less  soluble  in  alcohol  and  ether,  or  alkaline  liquids.  A 
few,  such  as  indigo-blue,  are  almost  insoluble  in  all  menstrua,  and  can  only  be  made 
to  dissolve  by  converting  them,  by  means  of  reducing  agents,  into  other  bodies  soluble 
in  alkalies.  Those  which  are  soluble  in  water,  are,  generally  speaking,  of  the  greatest 
importance  in  the  arts,  since  they  admit  of  more  ready  application,  when  they  possess 
this  property. 

The  behaviour  of  colouring  matters  towards  acids,  is  often  very  characteristic.  Most 
colouring  matters  are  completely  decomposed  by  nitric,  chloric,  manganic,  and  chromic 
acids  in  consequence  of  the  large  proportion  of  oxygen  which  these  acids  contain  With 
many  colouring  matters  the  decomposition  takes  place  even  at  the  ordinary  temperature  ; 
with  others,  it  only  commences  when  the  acid  is  warmed,  especially  if  the  latter  be 
applied  in  a  state  of  considerable  dilution.  Concentrated  sulphuric  acid  also  destroys 
most  colouring  matters,  especially  if  the  acid  be  heated.  It  seems  to  act  by  depriving 
them  of  the  elements  of  water,  and  thereby  converting  them  into  substances  containing 
more  carbon  than  before,  as  maybe  inferred  from  the  dark  almost  black  colour 
which  they  acquire.  At  the  same  time  the  acid  generally  loses  a  portion  of  its 
oxygen,  since  sulphurous  acid  is  almost  always  evolved  on  heating.  Some  colouring 
matters  such  as  alizarme,  are  not  decomposed  by  concentrated  sulphuric  acid  even 
when  the  latter  is  ranged  to  the  boiling  point ;  they  merely  dissolve,  forming  solutions 
of  various  colours,  from  which  they  are  precipitated  unchanged,  on  the  addition  of 
watei,  when  hey  are  insoluble  or  not  easily  soluble  in  the  latter.  Others,  again  like 
indigo-blue,  dissolve  m  concentrated  or  fuming  sulphuric  acid,  without  herng  decom- 
posed, and  at  the  same  time  enter  into  combination  with  the  acid,  forming  true  double 
ac  ds,  which  are  easily  soluble  in  water  and  combine  as  such  with  bases.  Many 
colouring  matters  undergo  a  change  of  colour  when  exposed  to  the  action  of  acidV  the 
original  colour  being  restored  by  the  addition  of  an  excess  of  alkali,  and  this  property 

made  use  of  for  the  detection  of  acids  and  alkalies.  The  colour  of  an  TnSn  of 
litmu  .  for  instance,  is  changed  by  acids  from  blue  to  red,  and  the  blue  colour  "s  re  °o'-ed 
by  alka  les.  An  mfusion  of  the  petals  of  the  purple  dahlia  or  of  the  violet  becomes 
red  on  the  addition  of  acids,  and  this  red  coloui'  changes  again  to  pu.-ple  or  blue  with 

ittT'J,l  T''  "^-f'"'}  '"^'^•"^  S'-^^"-  The  yellow  colour^frutbe  becomes 
deeper  with  strong  acids.  In  most  cases,  this  alteration  of  colour  depends  on  a  verv 
simple  chemical  change.     Litmus,  for  example,  in  the  slate  in  whirh  ?f  Z 

by  adding  acid  to  the  waterv  solution  «  nm-tw^n  K.f  tu       i      °^^°'^S  acid.  Hence, 
precipitatfd.    It  is  very  iT^o^tTeo^ZTml^^^^^^^^ 

combination  with  acids.     Indeed  onlv  one  vir  ww      -     ^  '°  i^to 

part  of  a  true  base,  and  forming  IfinUe  compounds  wUr.cid:  "T''^' 

sulphurous  and  hydrosulphuric  Lids,  do  ^^^^^^l!; ^i^,  Srso^mSii.r^ 
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matters  and  form  -with  them  compounds,  in  wliich  tlie  colour  is  completely  disguised, 
and  apparently  destroyed.  If  a  red  rose  be  suspended  in  an  atmosphere  of  sulphurous 
acid  it  becomes  white,  but  the  red  colour  may  be  restored  by  neutralising  the  acid  with 
some  alkali.  On  this  property  of  sulphurous  acid  depends  the  process  of  bleaching 
woollen  fabrics  by  means  of  burning  sulphur.  In  this  case  the  colouring  matter  is  not 
destroyed  but  only  disguised  by  its  combination  with  the  acid. 

Most  colouring  matters  are  capable  of  combining  with  bases.  Indeed,  their  affinity 
for  the  latter,  is  generally  so  marked  that  they  may  be  considered  as  belonging  to  the 
class  of  weak  acids.  Like  all  other  weak  acids  they  form,  with  bases,  compounds  of  a 
very  indefinite  composition,  so  much  so  that  the  same  compound,  prepared  on  two 
ditferent  occasions,  is  often  found  to  be  differently  constituted.  Hence  the  great 
difficulty  experienced  by  chemists  in  determining  the  atomic  weight  of  colouring  matters. 
There  are  very  few  of  the  latter  for  which  several  formulae,  all  equally  probable,  may 
not  be  given,  if  the  compounds  with  bases  be  employed  for  their  determination.  The 
compounds  of  colouring  matters  with  bases  hardly  ever  crystallise.  Those  with  alkalies 
are  mostly  soluble  in  water  and  amorphous ;  those  with  the  alkaline  earths,  lime  and 
baryta,  are  sometimes  soluble,  sometimes  insoluble ;  those  with  the  earths  and  metallic 
oxides  are  almost  always  insoluble  in  water.  The  compounds  with  alkalies  are  obtained 
by  dissolving  the  colouring  matter  in  water  to  which  a  little  alkali  is  added,  and 
evaporating  to  dryness,  an  operation  which  must  be  carefully  conducted  if  the  colouring 
matter  is  one  easily  affected  by  oxygen.  The  insoluble  compounds,  with  earths  and 
metallic  oxides,  are  obtained  either  by  double  decompositiim  of  a  soluble  compound 
with  a  soluble  salt  of  the  respective  base,  or  by  adding  to  a  solution  of  the  colouring 
matter,  in  water  or  any  other  menstruum,  a  salt  of  the  base  containing  some  weak  acid, 
such  as  acetic  acid.  It  is  remarkable  that  of  all  bases  none  show  so  much  affinity  for 
colouring  matters  as  alumina,  peroxide  of  iron,  and  peroxide  of  tin,  bodies  which  occupy 
an  intermediate  position  between  acids  and  bases.  If  a  solution  of  any  colouring  matter 
be  agitated  with  a  sufficient  quantity  of  the  hydrates  of  any  of  these  bases,  the  solution 
becomes  decolourised,  the  whole  of  the  colouring  matter  combining  with  the  base  and 
forming  a  coloured  compound.  It  is  accordingly  these  bases  that  are  chiefly  employed 
in  dyeing,  for  the  purpose  of  fixing  colouring  matters  on  particular  portions  of  the 
fabric  to  be  dyed.  When  used  for  this  purpose  they  are  called  mordants.  Their 
compounds  with  colouring  matters  are  denominated  lakes,  and  are  employed  as  pigments 
by  painters  The  colours  of  the  compounds  usually  differ,  either  in  kind  or  degree, 
from  those  of  the  colouring  matters  themselves.  Red  colouring  matters  often  form 
blue  compounds,  yellow  ones  sometimes  give  red  or  purple  compounds.  The  compounds 
with  peroxide  of  iron  are  usually  distinguished  by  the  intensity  of  their  colour.  When 
a  colouring  matter  gives  with  alumina  and  oxide  of  tin  red  compounds,  its  compound 
with  peroxide  of  iron  is  usually  purple  or  black ;  and  when  the  former  are  yellow,  the 
latter  is  commonly  olive  or  brown.  Almost  all  the  compounds  of  colouring  matters 
with  bases  are  decomposed  by  strong  acids,  such  as  sulphuric,  muriatic,  nitric,  oxahc, 
and  tartaric  acids,  and  even  acetic  acid  is  not  without  efiFect  on  some  of  these  cornpounds. 
The  compounds  with  earths  and  metallic  oxides  are  also  decomposed,  sometimes,  by 
alkalies.  A  solution  of  soap  is  sufficient  to  produce  this  effect  in  many  cases,  and  dyes 
are  therefore  often  tested  by  means  of  a  solution  of  soap  in  order  to  ascertain  the  degree 
of  permanence  which  they  possess.  .   ,  ,  • 

No  property  is  so  characteristic  of  colouring  matters,  as  a  class,  as  their  behaviour 
towards  bodies  of  a  porous  nature,  such  as  charcoal.  If  a  watery  solution  of  a  colouring 
matter  be  agitated  with  charcoal,  animal  charcoal  being  best  adapted  for  the  purpose, 
the  colouring  matter  is  in  general  entirely  removed  from  the  solution  and  absorbed  by 
the  charcoal.  The  combination  which  takes  place  under  these  circumstances  is  probably 
not  due  to  any  chemical  affinity,  but  is  rather  an  effect  of  the  so-called  attraction  of 
surface  which  we  often  see  exerted  by  bodies  of  a  porous  nature,  such  as  charcoal  and 
spongy' platinum,  and  which  enables  the  latter  to  absorb  such  large  quantities  of  gases 
of  various  kinds.  That  the  compound  is  indeed  more  of  a  physical  than  a  chemical 
nature  seems  to  be  proved  by  the  circumstance  that  sometimes  the  colourmg  mattens 
separated  from  its  combination  with  the  charcoal  by  means  of  boiling  alcohol,  an  agent 
which  can  hardly  be  supposed  to  exert  a  stronger  chemical  affinity  than  water.  It  is 
this  property  of  colouring  matters  which  is  made  use  of  by  chemists  to  decolourise 
solutions,  and  by  sugar  manufacturers  to  purify  their  sugar  The  attraction  nianifesfed 
by  colouring  matters  for  animal  or  vegetable  fibre  is  probfibly  also  a  phenmi  eimn  of 
the  same  nature,  caused  by  the  porous  condition  of  the  latter,  and  the  powerful  affinity 
of  thno-cau"d  mordants  for  colouring  matters,  may,  perhaps,  be  in  part  accounted  for 
by  their  state  of  mechanical  division  bdng  different  from  that  of  other  bases  CcA^g 
matters,  however,  vary  much  from  one  another  in  their  behaviour 
vegetable  fibre.  Some,  such  as  indigo-bh.e,  and  the  colouring  matters  of  s affio  m  r  a  d 
turmeric,  are  capable  of  combining  directly  with  the  latter  and  imparting  to  them 
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colours  of  great  intensity.  Others  are  only  slightly  attracted  by  them  and  consequently 
impart  only  feeble  tints  ;  they  therefore  require,  when  they  are  employed  in  the  arts 
for  the  purpose  of  dyeing,  the  interposition  of  an  earthy  or  metallic  base.  To  the  first 
class  Bancroft  applied  the  term  substantive  colouring  matters,  to  the  second  that  of 
adjective  colouring  matters.  '     _  «    ,  • 

One  of  the  most  interesting  questions  connected  "with  the  history  of  colouring  matters 
is  that  in  regard  to  the  original  state  in  which  these  substances  exist  in  the  animal  and 
vegetable  organisms  from  which  they  are  derived.  It  has  been  known  for  a  long  time 
that  many  dye-stuffs,  such  as  indigo  and  archil,  do  not  exist  ready  formed  in  the  plants 
from  which  they  are  obtained,  and  that  a  long  and  often  difficult  process  of  preparation 
is  required  in  order  to  eliminate  them.  The  plants  which  yield  indigo  exhibit,  while 
they  are  growing,  no  trace  of  blue  colour.  The  colouring  matter  only  makes  its 
appearance  after  the  juice  of  the  plant  has  undergone  a  process  of  fermentation.  The 
lichens  employed  in  the  preparation  of  archil  and  litmus  are  colourless,  or  at  most  light 
brown,  but  by  steeping  them  in  liquids  containing  ammonia  and  lime  a  colouring  matter 
of  an  intense  red  is  gradually  generated,  which  remains  dissolved  in  the  alkaline  liquid. 
Other  phenomena  of  a  similar  nature  might  be  mentioned,  as  for  instance  the  formation 
of  the  so-called  Tyrian  purple  from  the  juice  of  a  shell -fish,  and  new  ones  are  from 
time  to  time  being  discovered.  In  order  to  explain  these  phenomena  various  hypotheses 
have  been  resorted  to.  It  was  supposed,  for  instance,  that  the  indigoferse  contained 
white  or  reduced  indigo,  and  hence  were  devoid  of  colour,  and  that  the  process  of 
preparing  indigo-blue  consisted  simply  in  oxidising  the  white  indigo,  which  was  for 
this  reason  denominated  indigogene,  by  some  chemists.  The  same  assumption  was 
made  in  regard  to  other  colouring  matters,  all  of  which  were  supposed  to  exist  originally 
in  a  de-oxidised  and  colourless  state.  In  regard  to  indigo,  however,  the  hypothesis  is 
disproved  at  once  by  the  fact  that  reduced  indigo  is  only  soluble  in  alkaline  liquids, 
and  that  the  juice  of  the  indigo  bearing  plants  is  always  acid.  In  regard  to  the  other 
colouring  matters  it  seems  also  to  be  quite  untenable.  The  first  person  to  throw  some 
light  on  this  obscure  department  of  organic  chemistry  was  Robiquet.  This  distinguished 
chemist  succeeded  in  obtaining  from  lichens  in  their  colourless  state  a  beautifully 
crystallised,  colourless  substance  soluble  in  water,  having  a  sweet  taste,  and  consisting 
of  carbon,  hydrogen,  and  oxygen.  This  substance  he  denominated  orcine.  By  the 
combined  action  of  ammonia  and  oxygen,  he  found  it  to  be  converted  into  a  red 
colouring  matter,  containing  nitrogen,  and  insoluble  in  water,  which  was  in  fact 
identical  with  the  colouring  matter  of  archil.  This  beautiful  discovery  furnished 
chemists  with  a  simple  explanation  for  the  curious  phenomena  observed  in  the  forma- 
tion of  this  and  other  colouring  matters,  and  it  was  soon  followed  by  others.  Heeren 
and  Kane  obtained  from  various  lichens  other  colourless  substances  of  similar  pro- 
perties, and  it  was  shown  by  Schunck  that  orcine  is  not  even  the  first  link  in  the 
chain,  but  is  itself  formed  from  another  body,  lecanorine,  which,  by  the  action  of 
alkalies,  yields  orcine  and  carbonic  acid,  just  as  sugar  by  fermentation  gives  alcohol 
and  carbonic  acid.  In  like  manner,  it  was  discovered  by  Erdmann  that  the  colouring 
matter  of  logwood  is  formed  by  the  simultaneous  action  of  oxygen  and  alkalies  from 
a  crystallised  colourless  substance,  hamatoxyline,  which  is  the  original  substance  exist- 
ing in  the  wood  of  the  tree,  and  is  like  the  others,  not  itself,  strictly  speaking,  a 
colouring  matter,  but  a  substance  which  gives  rise  to  the  formation  of  one. 

There  is,  however,  another  class  of  phenomena  connected  with  the  formation  of 
colouring  matters,  entirely  different  from  that  just  referred  to.  It  was  discovered  by 
Robiquet  that  if  madder  be  treated  for  some  time  with  sulphuric  acid,  and  the  acid  be 
afterwards  completely  removed,  the  madder  is  found  to  have  acquired  a  much  greater 
tinctorial  power  than  before.  This  fact  was  explained  by  some  chemists  by  supposing 
that  the  sulphuric  acid  had  combined  with  or  destroyed  some  substance  or  substances, 
contained  in  the  madder  which  had  previously  hindered  the  colouring  matter  from 
exerting  its  full  power  in  dyeing,  such  as  lime,  sugar,  woody  fibre,  &c.  By  others  it 
was  suspected  that  an  actual  formation  of  colouring  matter  took  place  during  the 
process,  and  this  suspicion  has  been  verified  by  recent  researches.  Schunck  suc- 
ceeded in  preparmg  from  madder  a  substance  resembling  gum,  very  soluble  in  water 
amorphous,  andhavinga  very  bitter  taste,  like  madder  itself,  and  to  which  he  eave 
the  name  of  rubian.  This  substance,  though  not  colourless,  is  incapable  of  combininc 
with  mordants,  like  most  colouring  matters.  When,  however,  it  is  acted  on  by  strone 
acids,  such  as  sulphuric  or  muriatic  acid,  it  is  completely  decomposed,  and  gives  rise 
to  a  number  of  products,  the  most  important  of  which  is  alizarine,  one  of  the  colouring 
matters  ot  madder  itself.  Among  the  other  products  are  a  yellow  ,;rystallised  co  ourinf 
matter,  ruhwmne.  two  amorphous  red  colouring  matters  resembling  resins,  ruhiretine  TA 
veranune.  and  lastly,  grape  sugar.  When  subjected  to  fermentatL,  the  saine  products 
are  formed,  with  he  exception  of  nibianine,  which  is  replaced  b^  a  yellow  colour- 
mg  matter  of  similar  properties.    This  process  of  decomposition  evMen^ly  bllongs  [o 
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that  numerous  class  called  by  mmc  chemists  "catalytic,"  in  T^'hich  the  decomposing 
agent  does  not  act,  as  far  as  we  know,  in  virtue  of  its  ciieniical  allinities  It  is  evident" 
then,  that  when  madder  is  acted  ou  by  sulphuric  acid  an  actual  formation  of  colouring 
matter  takes  place,  and  it  is  even  probable  that  the  whole  of  the  colouriuK  matter 
found  in  madder  in  its  usual  slate  was  originally  formed  from  rubian  by  a  process  of 
slow  fermentation,  the  portion  of  the  latter  still  remaining  undecomposed  being  that 
which  is  acted  on  when  acids  are  applied  to  madder.  From  the  Jsatin  thwtoria  or 
common  woad  plant,  Schunck,  in  like  manner,  extracted  an  amorphous  substance 
easily  soluble  in  water,  called  by  him  indican,  and  which,  by  the  action  of  strong 
acids  IS  decomposed  into  indigo-blue,  indigo-red,  sugar,  and  other  products,  amon- 
which  are  also  several  resinous  colouring  matters.  Looking  at  them  from  this  poin°t 
of  view,  colouring  matters  may  be  divided  into  two  classes,  viz.,  first,  such  as  are 
formed  from  other  substances,  not  themselves  colouring  matters,  by  the  action  of 
o.\ygen  and  alkalies;  and,  secondly,  such  as  are  formed  from  other  substances  by 
means  either  of  ferments  or  strong  acids,  without  the  intervention  of  oxygen.  To  the 
first  class  belong  the  colouring  matters  of  archil,  litmus,  and  logwood ;  they  yield 
comparatively  fugitive  dyes,  and  are  usually  decomposed  by  allowing  the  very  process 
to  which  they  owe  their  formation  to  continue.  To  the  second  class  belong  indigo- 
blue,  indigo-red,  and  alizarine,  bodies  which  show  a  remarkable  degree  of  stability 
for  organic  compounds.  More  extended  research  will  probably  show  that  many  other 
colouring  matters  are  formed  either  in  one  manner  or  the  o'her,  which  will  probably 
afford  us  the  means  of  arriving  at  a  rational  mode  of  classifying  these  bodies,  and  of 
distinguishing  them  as  a  class  from  others. — E.  S. 

COLOPHANY.  Black  resin,  the  solid  residuum  of  the  distillation  of  turpentine, 
when  all  the  oil  has  been  worked  off. 

COLUMBIUM.  A  peculiar  metal  extracted  from  a  rare  mineral  brought  from 
Haddam  in  Connecticut.  It  is  also  called  Tantalium,  from  the  mineral  tantuUte  and 
yitrotantalite,  found  in  Sweden.  It  has  hitherto  no  application  to  the  arts.  It  com- 
bines with  two  successive  doses  of  oxygen  ;  by  the  second  it  becomes  an  acid. 

COLZA,  is  a  variety  of  cabbage,  —  the  Brassica  oleracea. — whose  seeds  afford  by 
pressure  an  oil  much  employed  in  France  and  Belgium  for  burning  in  lamps,  and  for 
many  other  purposes.  This  plant  requires  a  rich  but  light  soil ;  it  does  not  succeed 
upon  either  sandy  or  clay  lands.  The  gi'ound  for  it  must  be  deeply  ploughed  and  well 
dunged.  It  should  be  sown  in  July,  and  be  afterwards  replanted  iu  a  richly  manured 
field.  In  October  it  is  to  be  planted  out  in  beds,  15  or  18  inches  apart.  Colza  may 
also  be  sowed  in  furrows  8  or  10  inches  asunder. 

Land  which  has  been  just  cropped  for  wheat  is  that  usually  destined  to  colza  ;  it  may 
be  fresh  dunged  with  advantage.  The  harvest  takes  place  in  July,  with  a  sickle,  a 
little  before  the  seeds  are  completely  ripe,  lest  they  should  drop  off.  As  the  seed  is 
productive  of  oil,  however,  only  in  proportion  to  its  ripeness,  the  cut  plants  are  allowed 
to  complete  their  maturation,  by  laying  them  in  heaps  under  airy  sheds,  or  placing 
them  in  a  stack,  and  thatching  it  with  straw. 

The  cabbage  stalks  are  thrashed  with  flails,  the  seeds  are  winnowed,  sifted,  and  spread 
out  in  the  air  to  dry ;  then  packed  away  in  sacks,  in  order  to  be  subjected  to  the  oil 
mill  at  the  beginning  of  winter.  The  oil-cake  is  a  very  agreeable  food  to  cattle;  it 
serves  to  fatten  them,  and  is  reckoned  to  defray  the  cost  of  the  mill. 

When  proper  manure  was  not  applied,  it  was  reported  that  colza  impoverished 
the  soil  very  much,  as  do,  indeed,  all  the  plants  cultivated  for  the  sake  of  their 
oleaginous  seeds.  The  same  soil  must  not,  therefore,  be  come  back  upon  again  for  six 
years,  if  fine  crops  be  desired.  The  double  ploughing  which  it  requires  effectually 
cleans  the  ground. 

The  colza  or  wild  cabbage  itself  is  a  plant  of  sufficient  interest  to  call  special 
attention  to  its  properties.  B"esides  yielding  an  oil  which  gives  a  brilliant  light  for 
the  lamps  of  lighthouses,  its  seed  has  other  properties  that  should  induce  the  plant  to 
be  in  favour  with  agriculturists,  emigrants,  and  colonists.  The  recent  accounts, 
according  to  Du  Bow,  state  "it  to  be  admirably  adapted  for  cattle  as  food;  that  the 
seeds  after  the  oil  is  expressed  yield  a  cake  highly  prized  for  fattening  cattle,  and  as 
manure."  "There  is  a  spring  variety  which  will  succeed  in  almost  any  part  of  the 
United  States,  and  will  ultimately  become  an  article  of  great  importance." 

The  real  history  of  this  valuable  plant  seems  to  be  this.  The  Abbe  de  Commerell, 
in  a  letter  to  Dr.  Lettsom,  dated  from  Paris  at  the  Abbey  of  St.  Victor,  1789,  calls 
especial  attention  to  the  colza  which  he  had  cultivated  for  some  time  in  the  neighbour- 
hood of  Paris,  "  and  last  year  under  the  inspection  of  the  Royal  Society  of  Agriculture. 
The  severe  winter  just  experienced,  which  had  destroyed  great  abundance  of  turnips 
and  cole,  had  not  done  the  least  injury  to  my  plants,  which  is  a  proof  of  resisting  the 
severest  cold."  The  following  description  of  the  plant  may  lead  to  its  adoption  as  sources 
of  oil  and  food.    To  induce  this  we  may  refer  to  the  original  commuuicaiiou, 
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now  of  course  sufficiently  rare  :  it  is  entitled  —  "Mdmoire  sur  la  culture  I'usage  et  les 
uvantages  du  Choux  afaucher,  par  M.  I'Abbe  de  Cummerdl,  a  Paris,"  1789.  He  states 
he  found  the  plant  in  "Germany,  where  it  was  only  used  for  seed  ;  that  there  are  three 
distinct  varieties,  known  by  the  colours  of  the  "nerves"  of  the  leaves  — violet,  yellow, 
and  green.  He  gives  preference  to  the  violet,  "  il  est  plus  abondant,  plus  sapide  et 
resiste  mieux  a  I'impression  du  froid  et  a  la  rigueur  des  hivers."  He  adds  that  he 
presents  to  the  Royal  Society  (Agric.  de  Paris)  the  plants  which  had  resisted  the  cold 
of  the  preceding  winter,  "  the  most  rigorous  of  which  mention  is  made  in  our  annals." 

Again  Commerell  says  :  "  This  plant  is  a  kind  of  wild  cabbage  that  may- 
be cut  four  or  six  times  in  the  year  it  is  sown  ;  each  cut  is  as  plentiful  as  trefoil 
or  lucerne :  we  leave  it  afterwards  for  the  winter.  About  the  month  of  February  it 
shoots  up,  and  the  leaves  of  it  may  be  cut ;  but  in  the  month  of  April  it  begins  to  grow 
up,  send  off  stalks,  and  bears  its  seed,  which  may  be  gathered  in  June.  The  first  year 
this  wild  cabbage  does  not  send  stalks ;  its  leaves  appear  to  rise  out  of  the  ground,  and 
thus  it  may  be  cut  like  grass  ;  il  may  also  be  dried  for  huy.  Its  leaves  extend  to  10,  12, 
and  15  inches  in  length  and  6  to  8  broad,  which  have  not  the  bitter  and  herbaceous 
taste  of  other  cabbages.  It  is  a  pulse  very  agreeable  for  man  during  the  whole  year, 
and  a  fodder  equally  as  good  as  plentiful  for  all  kinds  of  cattle.  The  milk  of  cows 
does  not  acquire  a  bad  taste,  nor  do  the  cows  get  tired  of  it." 

"  This  plant  bears  more  and  larger  sized  seed  than  turnips  or  cole,  and  the  oil  which 
I  have  extracted  from  it  cold  is  very  superior  as  food  for  man  to  that  from  poppy  or  cole, 
.and  is  equal  to  the  common  oil  of  olives  in  the  opinion  of  good  judges.  I  give  the 
name  of  the  mowing  cabbage  to  this  plant.  If  you  will  make  a  trial  of  it,"  he  adds  to 
Dr.  Lettsom,  "  you  will  have  every  reason  to  be  satisfied,  for  this  cabbage  yields  one 
third  more  oil  than  turnips  in  proportion  to  the  equal  quantity  of  ground,  and  we  may 
sow  it  in  spring  or  in  autumn." 

When  Commerell  wrote  the  trials  were  limited  for  want  of  seed,  but  it  now  appears 
to  be  well  worthy  the  attention  of  agriculturists,  as  a  plant  whose  rapid  growth  and 
general  favour,  may  remedy  the  scarcity  of  other  crops  more  in  use.  At  the  end  of 
sixty  years  the  production  of  the  oil  alone  forms  a  considerable  article  of  the  trade  of 
France,  Belgium,  England,  and  America. 

To  mining  districts,  to  manufacturers,  and  others  in  remote  localities,  the  valuable 
properties  of  this  plant  and  seed,  as  sources  of  oil,  food,  and  manure,  are  commended. 
Even  six  crops  a  year  are  said  to  have  been  taken.  Thus  the  bitterness  of  famine  by 
the  failure  of  other  crops  might  be  mitigated  ;  and  as  the  oils  of  seeds  are  now 
confusedly  mixed  together  in  commercial  transactions,  we  have  thought  the  useful- 
ness of  this  plant  should  be  more  generally  known  by  references  to  those  qualities 
recorded  on  its  original  cultivation. 

Colza  oil  is  now  extensively  used  for  burning  in  lamps  and  for  lubricating  machinery. 
The  Carcel,  Moderator,  and  other  lamps  are  contrived  to  give  a  continuous  supply  of 
oil  to  the  wick,  and  by  a  rapid  draught  of  air  brilliant  combustion  of  the  oil  is  main- 
tained without  smoke. 

In  the  lighthouses  of  France  and  England  it  has  been  employed  with  satisfaction 
so  as  to  replace  the  use  of  sperm  oil ;  the  preference  has  been  given  on  the  grounds 
of  greater  brilliancy,  a  steadier  flame,  the  wick  being  less  charred,  and  the  advantage 
of  economy  in  price.  ° 

The  corporation  of  the  Trinity  House  and  the  late  Mr.  Hume  took  great  in- 
terest m  the  question  of  the  relative  merits  of  colza,  rape,  and  seed  oils,  as  compared 
with  sperm  oil,  and  in  1845  referred  the  investigation  of  the  power  and  qualities  of  the 
light  from  this  description  of  oil,  to  Professor  Faraday.  He  reported  "  that  he  was 
much  struck  with  the  steadiness  of  the  flame,  burning  12  or  14  hours  without  being 
touched  ;  taking  above  100  experiments,  the  light  came  out  as  one  and  a  half  for 
ttie  seed  oil  to  one  of  the  sperm  ;  the  quantity  of  oil  being  used  in  the  same  proportion  -  " 
and  he  concludes  by  stating  his  "confidence  in  the  results  "  r   r  . 

The  advantages  then  were,  less  trouble,  for  the  lamps  with  sperm  had  to  be  re- 
trimmed,  and  the  same  lamp  with  seed  oil  gave  more  light,  and  the  cost  then  was  as 
3*.  9d.  per  gallon  seed  oil,  against  6^.  id.  imperial  gallon  of  sperm 

Ihose  mterested  should  consult  returns,  ordered  by  the  House  of  Commons 
'•Lighthouses  o«  the  motion  of  Mr.  Hume,  '  On  the  slbstitution  of  Rape  seeToil'Z 

In  the  Supplementary  Keturns  laid  before  the  House  of  Commons  by  the  Commi, 
trirEfginrer'T!!'""  '''''''  ''''''     '""^  °^  St'e^enso?  Esq.; 

"  In  the  last  annual  report  on  the  state  of  the  liirhthoiise'!  T  dirpntP^  ti,»  „f»  ^- 
of  the  Board  to  the  propriety  of  making  trial,  at  se'v<^al  strtionfof  the  mtem  ci^^^^^^^ 
or  rape  seed  oil,  as  prepared  by  Messrs.  Briggs  and  Garford,  of  fiUops^e  Stree" 
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These  trials  have  now  been  made  during  the  months  of  January  and  February  at 
three  catoptric  and  three  dioptric  lights,  and  the  results  have  from  time  to  time  been 
made  known  to  me  by  the  light-keepers,  according  to  instructions  issued  to  them  as 
occasion  seemed  to  require.  The  substantial  agr^ment  of  all  the  reports  as  to  the 
qualities  of  the  oil  renders  it  needless  to  enter  into  any  details  as  to  the  slight  vary- 
ing circumstances  of  each  case  ;  and  I  have  therefore  great  satisfaction  in  briefly 
stating,  as  follows,  the  very  favourable  conclusion  at  which  I  have  arrived :  

"  1.  The  culzaoil  possesses  the  advantage  of  remaining  fluid  at  temperatures  which 
thicken  the  spermaceti  oil. 

"  2.  The  culza  oil  burns  both  in  the  Fresnel  lamp  and  the  single  argand  burner,  with 
a  thick  wick,  during  seventeen  hours,  without  requiring  any  coaling  of  the  wick, 
or  any  adjustment  of  the  damper  ;  and  the  flame  seems  to  be  more  steady  and 
free  from  flickering  than  that  from  spermaceti  oil. 

"  3.  There  seems  (most  probably  owing  to  the  greater  steadiness  of  the  flame) 
to  be  less  breakage  of  glass  chimneys  with  the  culza  than  with  the  spermaceti  oil." 

The  above  firm,  who  from  thirty  years'  experience  in  the  trade,  were  enabled  to  in- 
duce the  Trinity  Corporation  to  give  this  oil  a  fair  and  extended  trial,  state  that  "  for 
manufacturing  purposes  it  is  equally  useful ;  it  is  admitted  by  practical  men  to  be  the 
best  known  oil  for  machinery ;  equal  to  Gallipoli ;  and  technically  it  possesses  more 
'  body,'  though  perfectly  free  from  gummy  matter."  On  this  point,  the  following 
letter  has  due  weight : — 

"  Admiralty,  9th  December,  1845.  —  Messrs.  Briggs  and  Garford,  —  "  Referring  to 
your  letter  of  the  first  of  August  last,  I  have  to  acquaint  you,  in  pursuance  of  the 
directions  of  the  Lords  Commisioners  of  the  Admiralty,  that  the  officers  of  Woolwich 
yard  have  tried  your  vegetable  oil,  and  find  it  to  be  equal  to  the  best  Gallipoli." 

"  It  is  very  hardy ;  and  while  sperm,  Gallipoli,  nut,  or  lard  oils  are  rendered  useless 
by  the  slightest  exposure  to  frost,  the  patent  oil  will  with  ordinary  care,  retain  its 
brilliancy  :  this  has  been  acknowledged  as  a  very  important  quality  to  railway  and 
steam  boat  companies." 

It  should  be  here  stated  that  the  terms  rape  oils,  seed  oils,  colza,  or  culza  are  all 
now  blended  together,  and,  however  much  this  may  be  regretted,  yet  it  does  not  seem 
easy  to  keep  distinctness  in  the  general  usages  of  oil,  for  the  customs  returns  class  all 
under  one  head, — rape  oil. 

A  number  of  British  and  colonial  seed-bearing  plants  appears  to  be  now  employed 
for  the  sake  of  their  oils,  although,  on  account  of  the  mucilaginous  matter  contained 
in  many  of  the  oils,  they  are  far  inferior  to  the  colza  which  they  are  employed  to 
adulterate.— T.  J.  P. 

Of  the  importance  of  the  trade  some  estimate  may  be  formed  by  the  following 
entry  : — The  importations  of  seed  oils  in  1856  and  1857,  from  European  states  was  — 


1856. 

1857. 

Tons. 

Computed 
Real  Value. 

Tons. 

Computed 
Real  Value. 

Belgium      -       -       -  - 
France         -       -       -  - 
Hanse  Towns  - 
Holland       -       -       -  - 

1,785 
1,6-13 
922 
1,419 

£91,128 
83,696 
47,340 
72,741 

1,334 
3,971 
2,554 
840 

£62,867 
185,209 
105,129 
39,665 

COMB.  The  name  of  an  instrument  which  is  employed  to  dis  angle,  and  lay 
parallel  and  smooth  the  hairs  of  man,  horses,  and  other  animals.  They  are  made  of 
thin  plates,  either  plane  or  curved,  of  wood,  horn,  tortoise-shell,  ivory,  bone,  or  metal, 
cut  upon  one  or  both  sides  or  edges  with  a  series  of  somewhat  long  teeth,  not  far  apart. 

Two  saws  mounted  on  the  same  spindle  are  used  in  cutting  the  teeth  of  combs, 
which  may  be  considered  as  a  species  of  grooving  process;  one  saw  is  m  this  case 
larger  in  diameter  than  the  other  and  cuts  one  tooth  to  its  full  depth,  whilst  the  smaller 
saw,  separated  by  a  washer  as  thick  as  the  required  teeth,  cuts  the  succeedmg  tooth 

part  way  down.  ,       .  v     r  - 

A  few  years  back,  Messrs  Pow  and  Lyne  invented  an  ingenious  machine  for  sawing 
boxwood  or  ivory  combs.  The  plate  of  ivory  or  box  wood  is  fixed  in  a  clamp  sus- 
pended on  two  pivots  parallel  with  the  saw  spindle,  which  has  only  one  saw.  tiy  the 
revolution  of  the  handle  a  cam  first  depresses  the  ivory  on  the  revolving  saw,  cuts  one 
notch,  and  quickly  raises  it  again  ;  the  handle  in  completmg  its  <='';^^;_t  f 'J 
slide  that  carries  the  suspended  clamp  to  the  right,  by  means  of  a  screw  and  ratch  et 
movement.  The  teeth  are  cut  with  great  exactness,  and  as  quickly  as  the  handle  c  m 
be  turned  ;  they  vary  from  about  thirty  to  eighty  teeth  m  one  inch,  and  suc_h  is  tne 
delicacy  of  some  of  the  saws,  that  even  100  teeth  may  be  cut  in  one  inch  ot  nory. 
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The  saw  runs  through  a  cleft  in  a  small  piece  of  ivory,  fixed  yertically  or  radially  to 
the  saw,  to  act  as  the  ordinary  stops,  and  prevent  its  flexure  or  displacement  side- 
ways. Two  combs  are  usually  laid  one  over  the  other  and  cut  at  once  ;  occasionaUy 
the  machine  has  two  saws,  and  cuts  four  combs  at  once.      _  ..... 

In  the  manufacture  of  tortoise-shell  combs,  very  much  ingenuity  is  displayed  in 
soldering  the  back  of  a  large  comb  to  that  piece  which  is  formed  into  teeth.  1  be  two 
parts  are  filed  to  correspond  ;  they  are  surrounded  by  pieces  of  linen,  and  inserted 
between  metal  moulds,  connected  at  their  extremities  by  metal  screws  and  nuts  ;  tne 
interval  between  the  halves  of  the  mould  being  occasionally  curved  to  the  sweep 
required  in  the  comb;  sometimes  also  the  outer  faces  of  the  mould  are  curved  to  the 
particular  form  of  those  combs  in  which  the  back  is  curled  round,  so  as  to  form  an 
angle  with  the  teeth.  Thus  arranged  it  is  placed  in  boiling  water.  The  joints  when 
properly  made  cannot  be  detected,  either  by  the  want  of  transparency  or  polish.  Much 
skill  is  employed  in  turning  to  economical  account  the  flexibility  of  tortoiseshell  in 
its  heated  state  :  for  example,  the  teeth  of  the  larger  descriptions  of  comb  are  parted, 
or  cut  one  out  of  the  other  with  a  thin  frame  saw;  then  the  shell,  equal  in  size  to  two 
combs  with  their  teeth  interlaced,  is  bent  like  an  arch  in  the  direction  of  the  length  of 
the  teeth.  The  shell  is  then  flattened,  the  points  are  separated  with  a  narrow  chisel 
or  pricker,  and  the  two  combs  are  finished  whilst  flat,  with  coarse  single  cut  files,  and 
triangular  scrapers  ;  and  lastly,  they  are  warmed,  and  bent  on  the  knee  over  a  wooden 
mould  by  means  of  a  strap  passed  round  the  foot,  in  the  manner  a  shoemaker  fixes  a 
shoe  last.  Smaller  combs  of  horn  and  tortoise-shell  are  parted  whilst  flat,  by  an 
ingenious  machine  with  two  chisel-formed  cutters,  placed  obliquely,  so  that  every  cut 
produces  one  toolh,  the  repetition  of  which  completes  the  formation  of  the  comb. 

Mr.  Rogers's  corab-cutting  machine  is  described  in  the  Transactions  of  the  Society  of 
Arts,  vol.  xlix.,  part  2,  page  1.50.  It  has  been  since  remodelled  and  improved  by  Mr. 
Kelly.  This  is  an  example  of  slender  chisel-like  punches.  The  punch  or  chisel  is 
in  two  parts,  slightly  inclined  and  curved  at  the  ends  to  agree  in  form  with  the  out- 
line of  one  tooth  of  the  comb,  the  cutter  is  attached  to  the  end  of  a  jointed  arm, 
moved  up  and  down  by  a  crank,  so  as  to  penetrate  almost  through  the  material,  and 
the  uncut  portion  is  so  very  thin  that  it.splits  through  at  each  stroke  and  leaves  the 
two  combs  detached. 

The  combmaker's  double  saw  is  called  a  "  stadda,  "  and  has  two  blades  contrived 
so  as  to  give  with  great  facility  and  exactness  the  intervals  between  the  teeth  of  combs, 
from  the  coarsest  to  those  having  from  forty  to  forty-five  teeth  to  the  inch.  The 
gage-saw  or  gage-vid  is  used  to  make  the  teeth  square  and  of  one  depth.  The  saw 
is  frequently  made  with  a  loose  back,  like  that  of  ordinary  back-saws,  but  much  wider, 
so  that  for  teeth  1 1  ^  inch  long,  it  may  shield  all  the  blade  except  \  \  ^  inch  of  its 
width  respectively,  and  the  saw  is  applied  until  the  back  prevents  its  further  progress. 
Sometimes  the  blade  has  teeth  on  both  edges,  and  is  fixed  betwen  two  parallel  slips  of 
steel  connected  beyond  the  ends  of  the  saw  blade  by  two  small  thumbscrews. 
After  the  teeth  of  combs  are  cut  they  are  smoothed  and  polished  with  files,  and  by- 
rubbing  them  with  pumice  stone  and  tripoli. — Holtzapffel. 

COMBINING  NUMBERS  AND  CHEMICAL  COMBINATION. —Constancy 
of  composition  is  one  of  the  most  essential  characters  of  chemical  compounds  ;  by  which 
is  meant  that  any  particular  body,  under  whatever  circumstances  it  may  have  been 
produced,  consists  invariably  of  the  same  elements  in  identically  the  same  proportion  ; 
the  converse  of  this  is  not,  however,  necessarily  true,  that  the  same  elements  in  the 
same  proportion  always  produce  the  same  body.    (See  Isomerism), 

But  not  only  is  there  a  fixity  in  the  proportion  of  the  constituents  of  a  compound  ;  but 
also,  if  any  one  of  the  elements  be  taken,  it  is  found  to  unite  with  the  other  elements  in 
a  proportion  which  is  either  invariable,  or  changes  only  by  some  very  simple  multiple. 

The  numbers  expressing  the  combining  proportions  of  the  elements  are  only  relative! 
In  England  it  is  usual  to  take  hydrogen  as  the  starting  point,  and  to  call  that  number 
the  combining  number  of  any  other  element  which  expresses  the  proportion  in  which 
it  unites  with  one  part  by  weight  of  hydrogen  ;  and  these  numbers  are  now  becoming 
adopted  on  the  Continent,  although  in  France  the  combining  numbers  are  still  referred 
to  oxygen,  which  is  taken  as  100.  It  is  obvious  that,  whichever  system  is  used  the 
numbers  have  the  same  value  relatively  to  each  other. 

These  combining  numbers  would  have  but  little  value  if  they  expressed  notliina: 
more  than  the  proportion  in  which  the  elements  combine  with  that  bodv  arbitrarilv 
faxed  as  the  standard  ;  but  they  also  represent  the  proportions  in  which  they  unite  amonn 
themselves  m  the  event  of  union  taking  place.  Thus,  not  only  do  8  parts  of  oxygen  unite 
wi  h  one  of  hydrogen,  but  also  8  parts  of  oxygen  unite  with  39  of  potassium  23  of 
sodium,  100  of  mercury,  108  of  silver,  &c.  It  is  in  virtue  of  this  law  that  the  com- 
bming  proportions  of  many  of  the  elements  have  been  ascertained.  Some  of  them  do  not 
combine  with  hydrogen  at  all,  and  in  such  cases  the  quantity  which  unites  with  8  parS 
of  oxygen,  or  16  of  sulphur,  &c.hasto  be  ascertained.  (See  Equivalents  )-H  M  W 
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COMBUSTIBLE.  (Eng.  and  Fr. ;  Drcimstoff,  Germ.)  Any  substance  which,  ex- 
posed in  the  air  to  a  certain  temperature,  consumes  with  the  emission  of 'heat 
and  light.  All  such  combustibles  as  are  cheap  euough  for  common  use  go  under 
the  name  of  Fuel ;  which  see.  Every  combustible  requires  a  peculiar  pitch  of  tem- 
perature to  be  kindled,  called  its  accendilile  point.  Thus  phosphorus,  sulphur,  hydro"-en 
carburetted  hydrogen,  carbon,  each  takes  fire  at  successively  higher  heats  '         °  ' 

COMBUSTIBLE  SUGAR.  When  sugar  is  acted  on  by  a  mixture  of  nitric 
and  sulphuric  acids,  a  peculiar  substance  is  produced,  having  a  close  resemblance  to 
common  resin,  not  only  in  its  appearance  and  physical  characters,  but  also  in  regard  to 
its  solubility  in  alcohol,  ether,  volatile  oils,  &c.,  and  insolubility  in  water.  This  sub- 
stance is,  however,  extremely  inflammable  and  explosive,  and  possesses  many  of  the 
properties  ascribed  to  the  celebrated  Greek  fire.  Its  affinity  for  alcohol  and  ether  is  so 
great  that  water  will  not  remove  these  fluids  from  it.  "  Not  having  yet  succeeded  in 
producing  with  it  any  definite  basic  compound  which  would  enable  me  to  control  my 
results,  I  have  not  attempted  its  analysis.  The  only  purposes  to  which  I  have  applied 
it  are  to  the  formation  of  fusees  for  shells,  and  to  the  preservation  of  gunpowder  and 
pyrotechnical  articles  from  damp  and  moisture.  Asa  fusee,  it  is  easily  lighted,  bu  ns 
with  great  regularity,  and  appears  absolutely  incapable  of  being  extinguished,  circum- 
stances which  would  render  it  of  great  use  in  ricochet  practice.  As  a  means  of  pre- 
venting the  mischievous  effect  of  damp  and  moisture  on  gunpowder  it  is  of  great 
value.  The  best  mode  of  application  is  to  plunge  the  gunpowder  for  a  few  seconds 
into  an  alcoholic  or  ethereal  solution  of  the  sugar  compound,  then  withdraw  it  and  allow 
it  to  dry  at  a  gentle  heat,  say  120°  Fahr.,  though  there  is  no  danger  of  an  explosion 
at  212°.  In  this  way  the  gunpowder  is  covered  by  a  coat  of  varnish  easy  of  igni- 
tion and  insoluble  in  water,  which  cannot  therefore  penetrate  to  the  gunpowder,  the 
explosive  nature  of  which  is  rather  augmented  than  diminished  by  this  treatment.  An 
ethereal  solution  of  guncotton  does  not  answer  so  well  for  this  purpose,  nor  is  it  so 
manageable.  I  have  not  ascertained  how  far  this  new  substance  is  useful  in  retaining 
the  edges  of  wounds  in  approximation,  but  its  alcoholic  solution  merits  a  trial.  The 
following  is  the  method  which  I  have  found  most  successful  in  the  manufacture  of 
this  compound. 

"  Mix  together  sixteen  parts  of  concentrated  sulphuric  acid  and  eight  parts  of  nitric 
acid,  specific  gravity  1'50  ;  place  the  mixture  in  cold  water,  and  when  the  temperature 
has  fallen  to  60°  or  less,  stir  in  one  part  of  finely-powdered  sugar,  which  will  become 
pasty  in  a  few  seconds,  and  is  then  to  be  removed  and  plunged  in  cold  water,  when 
more  sugar  may  then  be  added  to  the  acid  mixture,  and  removed  as  before.  The  com- 
pound is  to  be  washed  in  water  and  dissolved  in  alcohol,  to  which  a  solution  of  car- 
bonate of  potash  must  be  added  in  excess,  so  as  to  precipitate  the  substance,  and 
neutralise  its  uncombined  acid.  After  careful  washing  with  water  it  is  again  to  be 
dissolved  in  alcohol  or  ether,  and  cautiously  evaporated  to  dryness  by  a  steam  heat, 
which  must  be  continued  for  some  time,  so  as  entirely  to  expel  the  alcohol  or  ether. 
The  residuary  matter  should  have  the  transparency  and  general  character  of  common 
resin." — Ure. 

COMBUSTION.  (Eng.  and  Fr.  ;  Verbrennung,  Germ.")  The  phenomena  of  the  de- 
velopment of  light  and  heat  from  any  body,  as  from  charcoal  combining  with  the 
oxygen  of  the  air,  from  phosphorus  combining  with  iodine,  and  from  some  of  the 
metals  combining  with  chlorine.  Combustion  may  be  exerted  with  very  various 
degrees  of  energy.  We  have  a  low  combustion  often  established  in  masses  of  vegetable 
matter  ;  as  in  hay-stacks,  or  in  heaps  of  damp  sawdust.  In  these  cases,  the  changes 
going  on  are  the  same  in  character,  only  varying  in  degree,  as  those  presented  by  an 
ordinary  fire,  or  by  a  burning  taper — oxygen  is  combining  with  carbon  to  form  carbonic 
acid.  The  heat  thus  produced  (the  process  has  been  termed  by  Liebig  Eremacmisis), 
increasinn-  in  force,  gives  rise  eventually  to  visible  •combustion. 

Cases  of  spontaneous  combustion  are  by  no  means  uncommon.  Some  years  since, 
the  editor  investigated  the  conditions  under  which  H.  M.  ships,  the  "  Imogen  "  and 
"  Talavera"  were  burnt  in  Devonport  Dockyard,  and  he  was  enabled  to  trace  the  fire  to 
a  large  bin,  in  which  there  had  been  allowed  to  accumulate  a  mass  of  oiled  oakum,  pieces 
of  old  flannel  covered  with  anti-attrition,  sawdust,  shavings,  and  the  sweepings  of 
the  painter's,  wheelwright's,  and  some  other  shops.  ^         .  .       ,  •,! 

The  subject  of  combustion  belongs  to  Ure's  Dictionary  of  Chemistry,  where  it  wiU 

be  fully  treated.  ,  .  ^  ,     , , .  _ 

CONCRETE  The  name  given  by  architects  to  a  compact  mass  of  pebbles, 
sand,  and  lime,  cemented  together  in  order  to  form  the  foundation  of  buildings. 
Semple  says  that  the  best  proportions  are  80  parts  of  pebbles,  each  about  7  or  8  oz. 
in  weight,  40  parts  sharp  river  sand,  and  10  of  I'V^^ '  ^'^tl^^' f  *°  "'"^^f,;"^' 
water  to  a  thinnish  consistence,  and  grouted  in.  It  has  been  found  that  Thames 
ballast,  as  taken  from  the  bed  of  the  river,  consists  of  nearly  2  parts  of  pebbles  to  1  of 
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sand,  and  therefore  answersexceedingly  well  formakingconcrete,  with  from  one- seventh 
to  one-eighth  part  of  lime.  The  hest  mode  of  making  concrete,  according  to  Mr.  God- 
win, is  to  mix  lime,  previously  ground,  with  the  ballast  in  a  dry  state ;  sufficient  water 
is  now  thrown  over  it  to  effect  a  perfect  mixture ;  after  which  it  should  be  turned  over 
at  least  twice  with  shovels,  or  oftener ;  then  put  into  barrows,  and  wheeled  away  for 
use  instantly.  It  is  generally  found  advisable  to  employ  two  sets  of  men  to  perform 
this  operation,  with  three  sets  in  each  set,  and  they  repeating  the  process,  turn  over 
the  concrete  to  the  barrow-men.  After  being  put  into  the  barrows,  it  should  be  at 
once  wheeled  up  planks  so  raised  as  to  give  it  a  fall  of  some  yards,  and  thrown  into 
the  foundation,  by  which  means  the  particles  are  driven  closer  together,  and  greater 
solidity  is  given  to  the  whole  mass.  Soon  after  being  thrown  in,  the  mixture  is  ob- 
served usually  to  be  in  commotion,  and  much  heat  is  evolved,  with  a  copious  emission 
of  vapour.  The  barrow-load  of  concrete  in  the  fall  spreading  over  the  ground  will 
form  generally  a  stratum  of  from  7  to  9  inches  thick,  which  should  he  allowed  to  set 
before  throwing  in  a  second. 

Another  method  of  making  concrete,  is  first  to  cover  the  foundation  with  a  certain 
quantity  of  water,  and  then  to  throw  in  the  dry  mixture  of  ballast  and  lime.  It  is 
next  turned  and  levelled  with  shovels ;  after  which  more  water  is  pumped  in  and  the 
operation  is  repeated.  The  former  method  is  undoubtedly  preferable.  In  some  cases 
it  has  been  found  necessary  to  mix  the  ingredients  in  a  pug-mill,  as  in  mixing  clay, 
&c.,  for  bricks.  For  the  preparation  of  a  concrete  foundation,  as  the  hardening  should 
he  rapid,  no  more  water  should  be  used  than  is  absolutely  necessary  to  effect  a  perfect 
mixture  of  the  ingredients.  Hot  water  accelerates  the  induration.  There  is  about 
one-fifth  contraction  in  volume  in  the  concrete,  in  reference  to  the  bulk  of  its  ingre- 
dients. To  form  a  cubical  yard  of  concrete,  about  30  ft.  cube  of  ballast  of  3^  ft.  cube 
of  ground  lime  must  be  employed,  with  a  sufficient  quantity  of  water. 
_  Several  other  methods  have  been  adopted  by  builders  and  engineers :  these,  however 
mvolve  the  same  principles  and  general  condition ;  a  detail  of  them  is,  therefore  un- 
necessary m  this  work.  The  reader  desiring  information,  is  referred  to  works  espe- 
cially devoted  to  engineering  and  building. 

CONGELATION.  (Eng.  and  Fr. ;  Gefrierung,  Germ.)  The  act  of  freezing  liquids 
Ihe  processes  employed  are  chiefly  chemical,  but  some  are  mechanical.  These  will 
have  further  attention  under  the  heads  Freezing  Mixtures,  Ice,  Ice  Manufac- 

T0RE, 

CONIINE  C'»H'=N.  A  volatile  base  found  in  hemlock.  Comum  maculatum. 
It  is  supposed  to  be  the  cause  of  the  poisonous  properties  of  that  plant.  Coniine  has 
recently  been  shown,  by  the  interesting  researches  of  Wertheim,  to  be  a  product  of 
decomposition  of  conhydrine,  a  new  base  discovered  by  him.  Conhydrine  becomes 
converted  into  coniine  by  the  loss  of  two  equivalents  of  water.  It  has  been  asserted 
by  KeMe  and  Von  Planta,  that  hemlock  contains  two  or  more  homologous  bases.- 

COOLING  FLUIDS.    See  Eefrigeratort. 
^^^^Z^k  ^  '"^''^  ^hich  exudes  spontaneously  from  two  trees,  the  Bhus  copalUnum 
fhf  p   .  tT"'"'P"'/T-''¥"''  of  which  grows  in  America,  and  the  secondTn 

netr^the'  ^'AZl ''''''''     ''''  ^°  '^^^^  ^^-^  and 

Much  information  has  been  received  of  late  years  from  various  sources  conoprnir  a- 

an^^J^~^r ^^^^  essence  of  tu^entine  in 

cold,  becomes  very  hard  and  duTable  "         '''""''^     ^^^^'^       ^nd  when 

but7n^Sfl'attagreS:h^^  ZT     '""^^     ^  globular  form, 

usually  yellow,  and  never  cXurLss  liL  the  £  ^17''''°"'  '^''^  °'  ^'"e'l-  It  is 
it.  It  comes  from  the  Antilles,  Mex!  o  2d  Nor  k  i^erta^'llwf.rf '° 
essence  of  rosemary  j.ioitu  America.    It  will  not  dissolve  in 
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The  third  kind  of  copal,  known  also  as  West  Indian,  was  formerly  sold  as  a  product 
of  the  East  Indies.  It  is  found  in  fragments  of  a  concavo-convex  form,  the  outer 
covering  of  whicli  appears  to  have  been  removed.  ^It  contains  many  insects.  When 
rubbed  it  emits  an  aromatic  odour.  It  gives  out  much  ethereous  and  empyreumatio 
oil  when  melted.    It  forms  a  .soft  varnish,  which  dries  slowly. 

Fusel  oil,  or  amyle  spirit,  has  been  lately  used  as  a  solvent  of  the  hard  copal ;  but 
it  does  not  dry  into  a  very  solid  varnish. 

Annexed  is  an  account  of  the  import  of  copal,  in  the  undermentioned  years  : — 

1855.  1856.  1857. 

cwts.  cwts.  cwts. 

Quantities  imported  -       -    8708       —       6330       —  4282 

COPPER  is  one  of  the  metals  most  anciently  known.  It  was  named  from  the 
island  of  Cyprus,  where  it  was  extensively  mined  and  smelted  by  the  Greeks.  It  has 
a  reddish-brown  colour  inclining  to  yellow;  a  faint  but  nauseous  and  disagrgeable 
taste ;  and  when  rubbed  between  the  fingers  imparts  a  smell  somewhat  analogous  to 
its  taste.  Its  specific  gravity  is  from  8  8  to  8-9.  It  is  much  more  malleable  than  it 
is  ductile;  so  that  far  finer  leaves  may  be  obtained  from  it  than  wire.  It  melts  at  the 
27th  degree  of  Wedgewood's  pyrometer,  and  at  a  higher  temperature  it  evaporates  in 
fumes  which  tinge  flame  of  a  bluish  green.  By  exposure  to  heat  with  access  of  air, 
it  is  rapidly  converted  into  black  scales  of  peroxide.  In  tenacity  it  yields  to  iron ;  but 
considerably  surpasses  gold,  silver,  and  platinum,  in  this  respect. 

In  mineralogy,  the  genus  eopper  includes  about  13  different  species,  and  each  of 
these  contains  a  great  many  varieties.  These  ores  do  not  possess  any  one  general 
exterior  character  by  which  they  may  be  recognised ;  but  they  are  readily  distinguished 
by  chemical  reagents.  Water  of  ammonia  digested  upon  any  of  the  cupreous  ores  in  a 
pulverised  state,  after  they  have  been  calcined  either  alone  or  with  nitre,  assumes  an 
intense  blue  colour,  indicative  of  copper.  The  richest  of  the  ordinary  ores  appear 
under  two  aspects;  the  first  class  has  a  metallic  lustre,  a  copper  red,  brass  yellow,  iron 
grey,  or  blackish  grey  colour,  sometimes  inclining  to  blue ;  the  second  is  without  me- 
tallic appearance,  has  a  red  colour,  verging  upon  purple,  blue,  or  green,  the  last  tmt 
being  the  most  usual.  Few  copper  ores  are  to  be  met  with,  indeed,  which  do  not  betray 
the  presence  of  this  metal  by  more  or  less  of  a  greenish  film. 

Dr.  Scherer,  of  Freyberg,  has  arranged  the  ores  of  copper  as  follows:  — 

Copper  in  100. 

1.  Kupferglanz  (Kvpferglaserz),  Cu^S      ...       -  797 

2.  Kupferkies,  Copper  pyrites,  Cu=S,  Fe^S'  -  -  -  34-8 
3   Buntkupfererz,  3Cu=S,  Fe^S^  557 

4.  Fahlerz,4(Cu2S,FeS,ZnS,AgS)(SbS3,AsS3)         -  14—41 

5.  Rothkupfererz,  Cu^O  88-5 

6.  Malachit,  2CuO,C02+HO  -       -----  57-4 

7.  Kupferlasur,  2(CuO,CO=)  -i-  CuO,HO    -       -       -       -  55-3 

Both  Fahlerz  and  Buntkupfererz  vary  greatly  in  their  proportion  of  copper.  Fahlerz 
is  very  difficult  to  convert  into  pure  copper  by  smelting,  on  account  of  the  presence  of 
auUmony  and  arsenic.  Kupferglanz  is  a  disulphide  of  copper.  Buntlmpfererz  is 
purple  or  variegated  copper  ore.  Rothkupfererz  is  the  red  oxide  of  copper.  Kupferlasur 

''vZ^i^'l^jTllM  in  the  solid  state  either,  by  the  reduction  of  the 
pure  oxide^by  a  stream  of  hydrogen  gas  passed  over  it  m  an  igmted  tube,  or  by 
the  Electrotvpe  process.    See  Electko-metallurgy. 

I  Slive  Copper  occurs  in  crystals,  branches  and  filaments,  its  most  common  lo- 
caliiv  bSg  in  m-imitive  rocks.  It  is  found  abundantly  m  Siberia  at  the  mines  of 
Surinski^fn  those  of  Hungary,  of  Fundo- Moldavia  in  Gallicia,of  Fahlun  in  Sweden, 

from  4  8  to  5-34.    It.  comp»..t.o„  «~rf'r?.:!,arV"n 
with  a  little  iron  and  silica.  Its 
wh.  nce  78  5  of  metal  should  be  ; 
of  the  richest  ores,  and  forms  ■ 
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copper  districts;  in  Siberia,  Saxony,  Sweden,  and  especially  Cornwall,  where  the 
finest  crystals  occur.  ,  , -j     c-        i.  ^ 

3  CuDper  Pyrites,  resembles  in  its  metallic  yellow  hue,  sulphide  of  iron  ;  but  the 
latter  is  less  pale,  harder,  and  strikes  fire  easily  with  steel.  It  sometimes  presents  the 
most  lively  rainbow  colours.  Its  specific  gravity  is  4-3.  It  generally  contains  a  good 
deal  of  iron,  as  the  following  analysis  will  show  :  copper  30,  sulphur  37,  iron  33,  ui 
100  parts.  According  to  Hisinger,  the  Swedish  pyrites  contains  63  of  copper,^  12  ot 
iron,  and  25  of  sulphur.  These  ores  occur  in  vast  masses  and  extended  vems,  in 
primitive  and  transition  districts;  and  are  commonly  accompanied  with  grey  copper, 
sulphide  of  iron,  sparry  iron,  sulphides  of  lead  and  zinc. 

4.  Grey  Copper  has  a  steel-grey  colour,  more  or  less  deep,  either  shining  or  dull; 
fracture  uneven  ;  a  distinct  metallic  lustre;  difficult  of  fusion  at  the  blowpipe;  it  com- 
municates to  glass  of  borax  a  yellowish-red  colour.  Its  density  in  crystals  is  4-86.  Its 
composition  is  very  variable;  consisting  essentially  of  copper,  iron,  antimony,  and  sul- 
phur. The  exploration  of  this  ore  is  frequently  profitable  in  consequence  of  the  silver 
which  it  contains.  It  occurs  in  primitive  mountains ;  and  is  often  accompanied  by 
red  silver  ore,  copper  pyrites,  and  crystallised  quartz. 

5.  Suboxide  of  Copper  or  red  oxide  of  Copper :  its  colour  is  a  deep  red,  sometimes 
very  lively,  especially  when  bruised.  It  is  friable,  difficult  of  fusion  at  the  blowpipe, 
reducible  on  burning  charcoal,  soluble  with  effervescence  in  nitric  acid,  forming  a  green 
liquid.  Its  constitution,  when  pure,  is  88-9  copper,  11-1  oxygen  =  100. 

6.  Black  oxide  of  Copper  is  of  a  velvet  black,  inclining  sometimes  to  brown  or  blue  ; 
and  acquires  the  metallic  lustre  on  being  rubbed.  It  is  infusible  at  the  blowpipe.  Its 
composition  is,  copper  80,  oxygen  20 ;  being  a  true  protoxide. 

7.  Hj/drosilicate  of  Copper  consists  essentially  of  oxide  of  copper,  silica,  and  water. 
Its  colour  is  green  ;  and  its  fracture  is  conchoidal,  with  a  resinous  lustre,  like  most  min- 
erals containing  water.  Its  specific  gravity  is  2'73.  It  is  infusible  at  the  blowpipe 
alone,  but  melts  easily  with  borax. 

8.  Dioptase  Copper,  or  Emerald  Malachite;  a  beautiful  but  rare  cupreous  mineral, 
consisting  of  oxide  of  copper,  carbonate  of  lime,  silica,  and  water  in  varying  proportions. 

9.  Carbonate  of  Copper,  Malachite;  is  of  a  blue  or  green  colour.  The  former 
variety  often  occurs  in  beautiful  crystals. 

10.  Sulphateof  Copper,  Blue  Vitriol,  is  similar  to  the  artificial  salt  of  the  laboratory. 
The  blue  water  which  flows  from  certain  copper  mines,  is  a  solution  of  this  salt.  The 
copper  is  easily  procured  in  the  metallic  state  by  plunging  into  it  pieces  of  iron. 

1 1.  Phosphate  of  Copper  is  of  an  emerald  green,  or  verdigris  colour,  with  some  spots 
of  black.  It  presents  fibrous  or  tuberculous  masses  with  a  silky  lustre  in  the  fracture. 
It  dissolves  in  nitric  acid  without  effervescence,  forming  a  blue  liquid  :  melts  at  the 
blowpipe,  and  is  reducible  on  charcoal,  with  the  aid  of  a  little  grease,  into  a  metallic 
globule.    Its  powder  does  not  colour  flame  green,  like  the  powder  of  chloride  of  copper. 

12.  Chloride  of  Copper,  is  green  of  various  shades;  its  powder  imparts  to  flame  a 
remarkable  blue  and  green  colour.  It  dissolves  in  nitric  acid  without  effervescence  ; 
and  is  easily  reduced  before  the  blowpipe.  Its  density  is  3-5.  By  Klaproth's  analysis 
it  consists  of:  — 

Chlorine     -  15-90 

Copper  14-22 

Oxide  of  Copper  -       -       -       -  54-22 

Water        -  14-16 

Impurities  -      -  -      -      -      -      -  -1-50 


100-00 


13.  Arseniate  of  Copper.  It  occurs  frequently  in  crystals.  Before  the  blow- 
pipe it  melts,  exhaUng  fumes  of  a  garlic  odour,  and  affords  metallic  globules  when  in 
contact  with  charcoal. 

We  shall  here  give  a  brief  account  of  two  cupreous  formations,  interesting  in  a 
geological  point  of  view ;  that  of  the  copper  slates  of  Mansfeldt,  and  of  the  copper  veins 
of  Cornwall. 

The  curious  strata  of  bituminous  schist  in  the  first  of  these  localities,  are  among  the 
most  ancient  of  any  containing  the  exuvise  of  organised  bodies  not  testaceous.  From 
among  their  tabular  slabs  the  vast  multitudes  of  fossil  fish  are  extracted  which  have 
rendered  the  cantons  of  Mansfeldt,  Eisleben,  Ilmenau,  and  other  places  in  'i'huringia 
and  Voigtland  so  celebrated.  Many  of  the  fish  are  transformed  into  copper  pyrites 
Here,  also,  have  been  found  the  fossil  remains  of  the  lizard  family,  called  Monitors 

Such  is  the  influence  of  a  wise  administration  upon  the  prosperity  of  these  mines,.that 
a  thin  layer  of  slate  in  this  formation,  of  which  100  pounds  commonly  contain  but  one 
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pound  and  a  half  of  copper,  occasionally  argentiferous,  has  been  for  several  centuries 
the  object  of  smelting  works  of  the  greatest  importance  to  the  adjoining  country. 

Tlie  frequent  dcniiigeiiients  -wiiich  tliis  deposit  experiences,  led,  at  an  early  period, 
skilful  directors  of  tlic  under-ground  operations  to  study  tiie  order  of  super-position  of 
the  accompanying  rocks.  From  their  observations,  residted  a  system  of  facts  which 
has  served  to  guide  miners,  not  only  in  the  country  of  Mansfeldt,  but  over  a  great 
portion  of  Germany,  and  in  other  countries  where  the  same  series  of  rocks,  forming 
tlie  envelope  of  the  cupreous  schists,  are  found  to  occur  in  the  same  order  of  super- 
position. 

Of  the  English  Copper  Veins.  — The  deposits  of  copper  in  Cornwall  occur  as  veins 
in  granite,  or  in  the  schistose  rocks  which  surrouud  and  cover  it ;  and  hence,  the 
Cornish  miners  work  mostly  in  the  granite  and  clay-slate;  the  former  of  which,  when 
metalliferous,  is  usually  in  a  coarse  and  often  a  disintegrated  state :  this  they  call  yrowan, 
the  latter  killas. 

Copper  veins  are  abundant  in  killas  and  more  rare  in  granite;  but  most  numerous 
near  the  line  of  junction  of  the  two  rocks.  The  different  kinds  of  mineral  veins  in 
Cornwall  may  be  classed  as  follows: — 

1.  Veins  of  elvan  ;  elvan  courses,  or  elvan  channels. 

2.  Tin  veins,  or  tin  lodes. 

3.  Copper  veins  generally  running  east  and  west. 

4.  Second  system  of  copper  veins,  or  contra  lodes. 

5.  Crossing  veins;  cross  courses. 

6.  Clay  veins  called  Cross-Flookans  or  Slides. 

The  width  of  these  veins  does  not  often  exceed  6  feet,  though  occasional  enlarge- 
ments to  the  extent  of  12  or  more  feet  sometimes  take  place.  Their  length  is  unknown, 
but  one  explored  in  the  United  Mines  has  been  traced  over  an  extent  of  seven 
miles.  The  gangue  of  these  veins  is  generally  quartz,  either  pure,  or  mixed  with  green 
particles  analogous  to  chlorite.  They  contain  iron  pyrites,  blende,  sulphide,  and  several 
other  comi)ounds  of  copper,  such  as  the  carbonate,  phosphate,  arseniate,  chloride,  &c. 
The  most  part  of  the  copper  lodes  are  accompanied  by  small  argillaceous  veins,  called 
by  the  miners  flookans  of  the  lode.  These  are  often  found  on  both  sides  of  the  vein,  so 
as  to  form  cheeks  or  n-alls. 

When  two  veins  intersect  each  other,  the  direction  of  the  one  thrown  out  becomes 
an  object  of  interest  to  the  miner.  In  Saxony  it  is  regarded  as  a  general  fact  that  the 
rejected  portion  is  always  on  the  side  of  the  obtuse  angle;  this  also  holds  generally  in 
Cornwall,  and  the  more  obtuse  the  angle  of  incidence,  the  more  considerable  the  heave. 

The  great  copper  vein  of  Carharack,  in  the  parish  of  Gwennap,  is  an  instructive  ex- 
ample of  intersection.  The  width  of  this  vein  is  8  feet;  it  runs  nearly  from  east  to 
west,  and  dips  towards  the  north  at  an  inclination  of  2  feet  in  a  fathom.  Its  upper  part 
is  in  the  killas,  its  lower  in  granite.  This  vein  has  suffered  two  intersections; 
the  first  results  from  encountering  the  vein  called  Steven  s  flookan,  which  runs  from 
north-east  to  south-west,  throwing  it  out  several  fathoms.  The  second  has  been  caused 
by  another  vein,  almost  at  right  angles  to  the  first,  and  which  has  heaved  it  20  fathoms 
to  the  right.  The  throw  of  the  vein  occurs,  therefore,  in  one  case  to  the  right,  and  in 
the  other  to  the  left;  but  in  both  instances,  it  is  to  the  side  of  the  obtuse  angle.  This 
disposition  is  very  singular  j  for  one  portion  of  the  vein  appears  to  have  ascended,  while 
another  has  sunk.    See  Faults. 

The  copper  mines  of  the  isle  of  Anglesea,  those  of  North  Wales,  of  Westmoreland, 
the  adjacent  parts  of  Lancashire  and  Cumberland,  of  the  south-west  of  Scotland,  of 
the  Isle  of  Man,  and  of  the  south-east  of  Ireland,  also  occur  in  primitive  or  transition 
rocks.  The  ores  lie  sometimes  in  masses,  but  more  frequently  in  veins.  The  mine 
of  Ecton  in  Stalfordshire,  and  that  of  Cross -gill-burn,  near  Alston-moor  in  Cumber- 
land, occur  in  transition  or  mountain  limestone. 

The  copper  ores  extracted  both  from  the  granitic  and  schistose  localities,  as  well  as 
from  the  calcareous,  are  uniformly  copper  pyrites  more  or  less  mixed  with  mundic  ; 
the  red  oxide,  carbonate,  arseniate,  phosphate,  and  chloride  of  copper,  are  very  rare  m 
these  districts. 

The  working  of  copper-mines  in  the  isle  of  Anglesea  may  be  traced  to  a  very 
remote  era.  Ir,  appears  that  the  Romans  were  acquainted  with  the  Amlwch  mme  near 
Holyhead;  but  it  was  worked  with  little  activity  till  about  70  years  smce.  This 
deposit  lies  in  a  greenish  clay  slate,  passing  into  talc  slate;  a  rock  associated  with 
serpentine  and  euphotide.  The  veins  of  copper  are  from  one  to  two  yards  thick;  and 
converge  towards  a  point  where  their  union  forms  a  considerable  mass  of  ore.  On 
this  the  mine  was  first  commenced  by  an  open  excavation,  which  is  now  upwards  ot 
300  feet  deep,  and  appears  from  above  like  a  vast  fuunel.  Galleries  are  lormed  at 
different  levels  upon  the  flanks  of  the  excavation  to  follow  the  several  smaller  veins, 
which  run  in  all  directions,  and  diverge  from  a  common  centre  like  so  many  radii. 
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The  ore  receives  in  these  galleries  a  kind  of  sortiug,  and  is  raised  by  moans  of  baud 
windlasses,  to  the  summit  of  a  bill,  where  it  is  cleaned  by  breaking  and  jigging. 

The  water  is  so  scanty  in  this  mine  that  it  is  pumped  up  by  a  small  steam- 
engine.  A  great  proportion  of  it  is  charged  with  sulphate  of  copper.  It  is  con- 
veyed into  reservoirs  containing  pieces  of  old  iron;  the  sulphate  is  thus  decomposed 
into  copper  of  cementation.  The  Auglesea  ore  is  poor,  yielding  only  from  2  to  3  per 
cent,  of  copper;  a  portion  of  its  sulphur  is  collected  in  roasting  the  ore. 

The  copper  mines,  now  so  important,  were  so  little  worked  until  a  recent  period, 
that  in  1799  we  arc  told  in  a  Report  on  the  Cornish  mines,  "it  was  not  until  the 
beginning  of  the  last  century  that  copper  was  discovered  in  Britain."  This  is  not 
correct,  for  in  1250  a  copper  mine  was  worked  near  Keswick,  in  Cumberland. 
Edward  III.  granted  an  indenture  to  John  Ballanter  and  Walter  Bolbolter,  for  work- 
ing all  "mines  of  gold,  silver,  and  copper;"  but  that  the  quantity  found  was  very 
small  is  proved  from  the  fact  that  Acts  of  Parliament  were  passed  in  the  reigns  of 
Henry  VIII.  and  Edward  VI.  to  prevent  the  exportation  of  brass  and  copper,  "  lest 
there  should  not  be  metal  enough  left  in  the  kingdom,  fit  for  making  guns  and  other 
engines  of  war,  and  for  household  utensils:"  and  in  1665  the  calamine  works  were 
encouraged  by  the  Government,  as  "  the  continuing  these  works  in  England  will 
occasion  plenty  of  rough  copper  to  be  brought  in." 

At  the  end  of  the  seventeenth  century,  some  "  gentlemen  from  Bristol  made  it  their 
business  to  inspect  the  Cornish  mines,  and  bought  the  copper  ore  for  2/.  10s.  per  ton, 
and  scarce  ever  more  than  il.  a  ton."  ' 

In  1700,  one  Mr.  John  Costor  introduced  an  hydraulic  engine  into- Cornwall,  by 
which  he  succeeded  in  draining  the  mines,  and  "  he  taught  the  people  of  Cornwall 
also  a  better  way  of  assaying  and  dressing  the  ore." 

The  value  and  importance  of  copper  mines  since  that  period  has  been  reeularlv 
increasmg.  °  •' 

Mechanical  Preparation  of  the  Copper  Ores  in  Cornwall.  —  The  ore  receives  a  first 
sorting  the  object  of  which  is  to  separate  all  the  pieces  larger  than  a  walnut-  after 
which  the  whole  is  sorted  into  lots,  according  to  their  relative  richness.  The  fragments 
or  poor  ore  are  sometimes  pounded  in  stamps,  so  that  the  metallic  portions  may 
be  separated  by  washing. 

The  rich  ore  is  either  broken  into  small  bits,  with  a  flat  beater,  or  by  means  of  a 
crushing-mill.  The  ore  to  be  broken  by  the  bucking  iron  is  placed  upon  plates  of 
towaXjb''  .  '"^T'l  t'^'^'^-    These  plates  are  se 

IZZt  ^^u^"  """"^  ^  y^""'^  ^'S^'  '=«'^structed  with  dry  stones 

hS  f,7    /    ^--v,  upper  surface  of  this  mound  is  a  little  inclined  from 

•  ,  The  work  is  performed  by  women,  each  furnished  with  a  buckinT 

ron  :  the  ore  is  placed  in  front  of  them  beyond  the  plates;  they  break  it,  and  strew 

Tip  "    V^""  '^fV'  '^jen'o^ed  and  disposed  of  ai  may  be  subsequent  y  iequJed 

The  crushmg-mill  has  of  late  years  been  brought  to  a  great  degree  of  perfect  on 
and  IS  almost  universally  made  use  of  for  pulverising  certain  descrSsVore  S 
a  descnption  of  this  apparatus,  see  Grinding  and  Cbushing  Appahatus 

Stampmg-mills  are  ^ss  frequently  employed  than  crushers  for  the  reduction  of 
copper  ores.    At  the  Devon  Great  Consols  Mines,  the  concentradon  of  the  cSed 

conoin,  ,  c„„i„  p„„i„»  th™i,  S„  hmU?2i     J         '  "Menal,  bi,t  mill 

thrown  „n,,  ..d  Jfer  mblSg  ^e'"Sr.i.r  to  .  ^'1^/^^^^^ 
The  other  portions  otthe  tir.t  huddle  are  robnddled  .nJXr  ™    ,•  „ 

p:Js.;£t-7trtfo-?;r;s£^ 

downward  with  a  current  of  water  into  the  ^„d  after  -eieated  r P"^« 

the  ..a.,  the  orey  matter  is  separated,  leaving  VS^^TniCrirrn^S^ 
The  stuff  falling  from  the  lower  extremities  of  the  separating  sieves  is  received 
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into  bins  and  subsequently  cleansed,  each  of  the  three  sizes  is  jigged,  and  in  propor- 
tion as  the  worthless  matters  are  separated,  they  are  scraped  off  and  removed.  Those 
portions  of  the  stuff  that  require  fui  ther  treatment  alt  taken  from  the  sieves,  washed 
down  from  behind  the  hutches,  and  treated  by  tyes,  imtil  all  the  valuable  portions 
have  been  extracted. 

In  this  way  vein  stuff  that  originally  contained  but  1^  per  cent  of  copper  is  so  con- 
centrated, as  to  afford  a  metallic  yield  of  10  per  cent.,  whilst  by  means  of  sizing-sieves, 
dressing-wheels,  jigging-maohines,  and  round-buddies,  &c.,  from  40  to  50  tons  of 
Stuff  are  elaborated  per  day  of  9  hours,  at  a  cost  of  12i-.  per  ton  of  dressed  ore. 

Captain  Richards,  the  agent  of  these  mines,  has  also  introduced  considerable  im- 
provements in  the  slime-dressing  department.  The  proper  sizing  of  slime  is  as  ne- 
cessary as  in  the  case  of  rougher  work,  and  in  order  to  effect  this,  he  has  arranged  a 
slime-pit,  which  answers  this  purpose  exceedingly  well.  This  pit  has  the  form  of  an 
inverted  cone,  and  receives  the  slimes  from  the  slime-separator,  in  an  equally  divided 
stream.  The  surface  of  this  apparatus  being  perfectly  level,  and  the  water  passing 
throu"-h  it  at  a  very  slow  rate,  all  the  valuable  matters  are  deposited  at  the  bottom. 
If  slime  be  valuable  in  the  mass,  it  can  evidently  be  more  economically  treated  by  a 
direct  subdivision  into  fine  and  coarser  work;  since  a  stream  of  water,  acting  on  a 
mixture  of  this  kind,  will  necessarily  carry  off  an  undue  proportion  of  the  former  m 
freeing  the  latter  from  the  waste  with  which  it  is  contaminated. 

The  ordinary  slime-pit  is  of  a  rectangular  form,  with  vertical  sides  and  flat 
bottom  The  water  enters  it  at  one  of  the  ends  by  a  narrow  channel,  and  leaves  it  at 
the  other.  A  strong  central  current  is  thus  produced  through  tne  pit,  which  not  only 
carries  with  it  a  portion  of  valuable  slime,  but  also  produces  edd.es  anc  creates  cur- 
rents towards  the  edges  of  the  pit,  and  thus  retains  matters  which  should  have  been 
refected  Tlie  slime-pits  at  Devon  Consols  are  connected  with  sets  of  Brunton  s 
mSnes,  which  are  thus  kept  regularly  supplied  by  means  of  a  launder  from  the 
Tpex  of  the  inverted  cone,  through  which  the  flow  is  regulated  by  means  of  a  plug- 

"^A^waLoT^stern  is  placed  under  each  frame  for  receiving  the  work  ^vhich  is 

''''Z::::^SSe^SS:^U  t^e  whole  of  the  copper  ore  which  it  produces  is 
"  ThrrntS  empX^^^^  the  reverberatory  construction  ;  they  vary  in  their 

f  T^ITeirglutnac?-' rTh:  r'oalting  furnace,  or  roaster ;  4.  The  refining  furnace  ; 
5.  The  heating  or  igniting  furnace.  ^^^^ 
1.  The  Calcining  pcrnaceres^  ^V^n  ^^;i^^/X^;^";"„ri"ty  hon  bars,  as  shown  in 
t'^r:MSl  The  SthTB^^;? ^55^9  and  560,  isW  upon  a  level  with 
j!^^  558 


theTlower  hXntal  binding  b.,  and  has  ^^r^^^  ^edd^ S'fiSriS  s^l 

whifhij  reposes  Holes,  not  v..^^^^^^^  if  fet^Kto^he  subjacent  vault  The  di 
door  c  c,  through  which  the  '•o^stea  ore  ^       ^4  to  16  n 

mensions  of  the  hearth  B  b,  vary  fi om  1  /  to  iJ  3  ^^^^  ,„de.  The 

hroadth.    The  fire-place  A,  f(J.  560,  is  fiom  45  w 
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briJ'^e  or  low  wall  Kfiq.  561, -which  separates  the  fire-plaoe  from  the  hearth,  is  2 
feet  Thick,  and  in  Messrs.  Vivians'  smelting- works  is  hollow,  as  shown  in  the  figure,  and 
communicates  at  its  two  ends  with  the  atmosphere,  in  order  to  conduct  a  supply  of 
fresh  air  to  the  hearth  of  the  furnace.  This  judicious  contrivance  will  be  described 
in  explaining  the  roasting  operation.  The  arched  roof  of  the  furnace  slopes  down 
from  the  bridge  to  the  beginning  of  the  chimney  /,  fig.  558,  560,  its  height  above 
the  hearth  being  at  the  first  point  about  26  inches,  and  from  8  to  12  at  the  second. 

Such  calcining  furnaces  have  5  doors,  cccc,  fig.  560,  and  one  for  the  fire-place, 
as  shown  at  the  right  hand  in  fig.  558;  4  are  for  working  the  ore  upon  the  re- 
verberatory  hearth.  These  openings  are  12  inches  square,  and  are  bound  with  iron 
frames.  The  chimney  is  about  22  feet  high,  and  is  placed  at  one  angle  of  the  hearth, 
as  at  f,fig-  560,  being  joined  by  an  inclined  flue  to  the  furnace. 

For  charging  it  with  ore,  two  hoppers  e  e,  are  usually  placed  above  the  upper  part  of 
the  vault,  in  a  line  with  the  doors  ;  they  are  formed  of  four  plates  of  iron,  supported 
in  an  iron  frame.  Beneath  each  is  an  orifice  for  letting  the  ore  down  into  the 
hearth. 

These  furnaces  serve  for  calcining  the  ore,  and  matts :  for  the  latter  purpose, 
indeed,  furnaces  of  two  stories  are  sometimes  employed,  as  represented  in  fig.  564. 
The  dimensions  of  each  floor  in  this  case  are  a  little  less  than  the  preceding.  Two 
doors,  c  c,  correspond  to  each  hearth,  and  the  workmen,  while  employed  at  the  upper 
story,  stand  upon  a  raised  movable  platform. 

2.  Melliiig  Furnace,  figs.  562  and  563. — The  form  of  the 
hearth  is,  in  this  case,  also  elliptical,  but  the  dimensions  are 
smaller  than  in  the  calcining  furnace.  The  length  does 
not  exceed  U  or  11^  feet,  and  the  breadlh  varies  from  7 
to  8.  The  fire-place  is,  however,  larger  in  proportion,  its 
length  being  from  3^  to  4  feet,  and  its  breadth  from  3  to 
3^^ ;  this  size  being  requisite  to  produce  the  high  tempe- 
rature of  the  furnace.  It  has  fewer  openings,  there  being 
commonly  three ;  one  to  the  fire-place  at  D,  a  second  one, 
o,  in  the  side,  kept  generally  shut,  and  used  only  when 
incrustations  need  to  be  scraped  off  the  hearth,  or  when 
the  furnace  is  to  be  entered  for  repairs  ;  and  the  third  or 
working  door,  g,  placed  on  the  front  of  the  furnace  beneath 
the  chimney.  Through  it,  the  scoria;  are  raked  out,  and 
the  melted  matters  stirred  and  puddled,  &c. 

The  hearth  is  bedded  with  infusible  sand,  and  slopes 
slightly  towEirds  the  side  door,  to  facilitate  the  discharge  of 
the  metal.  Above  this  door  is  a  hole  in  the  wall  of  the 
chimney  {fig.  563)  for  letting  the  metal  escape.  An  iron  gutter,  o,  leads  it  into  a 
pit,  K,  bottomed  with  an  iron  receiving-pot,  which  may  be  lifted  out  by  a  crane.  The 
pit,  M,  is  filled  with  water,  and  the  metal  becomes  granulated  as  it  falls  into  the  receiver. 
These  melting  furnaces  are  surmounted  by  a  hopper  l,  as  shown  fig.  562. 

Melting  furnaces  are  sometimes  also  used  for  calcination. 
Some  of  those  near  Swansea,  serve  this  double  purpose ; 
they  are  composed  of  3  floors  {fiy.  564).  The  floor  a,  is 
destined  for  melting  the  calcined  ore  ;  the  other  two,  b,  c, 
serve  for  calcination.  The  heat  being  less  powerful,  upon 
the  upper  sole  c,  the  ore  gets  dried  upon  it,  and  begins  to 
be  calcined— a  process  completed  on  the  next  floor.  Square 
holes,  d,  left  in  the  hearths  b  and  c,  put  them  in  commu- 
nication with  each  other,  and  with  the  lower  one  a  ;  these 
perforations  are  shut  during  the  operation  by  a  sheet  of 
iron,  removable  at  pleasure. 

The  hearths  b  and  c,  are  made  of  bricks ;  these  are  horizontal  at  the  top  and  slightly 
vaulted  beneath ;  they  are  two  bricks  thick,  and  their  dimensions  larger  than  those  of 
the  inferior  hearth,  as  they  extend  above  the  fire-place.  On  the  floors  destined  for 
calcination  the  furnace  has  two  doors  on  one  of  its  sides  r  on  the  lower  story  there 
are  also  two  ;  but  they  are  differently  placed.  The  first,  being  in  the  front  of  the 
furnace,  serves  for  drawing  off  the  scoria,  for  working  the  metal,  &c  ;  and  the  second, 
upon  the  side,  admits  the  ^workmen  to  make  necessary  repairs.  Below  this  door  is 
placed  the  discharje  or  tap-hole,  which  communicates  by  a  cast-iron  gutter  with  a 
pit  filled  with  water.  The  dimensions  of  this  furnace  in  length  and  breadth  are 
nearly  the  same  as  those  of  the  melting  furnace  above  described ;  the  total  height  is 
nearly  12  feet.    It  is  charged  by  means  either  of  one  or  two  hoppers. 

3.  Boa^Ung  Furnace  —The  furnaces  employed  for  this  purpose  are  in  general  similar 
to  the  calcmers;  but  in  the  smelting-works  of  Messrs.  Vivian,  the  furnaces  above 

3  G  4 


564 


824 


COPPER, 


alluded  to,  present  a  peculiar  construction  ;  this  is  for  the  purpose  of  introducing  a 
continuous  current  of  air  upon  the  metal,  in  order  to  facilitate  its  oxidation.  Tliis 
process  was  originally  invented  by  Mr.  Sheffield,  wh^  disposed  of  his  patent  right  to 
Messrs.  Vivian. 

The  air  is  admitted  by  a  channel  through  the  middle  of  the  fire-bridge,  -which 
extends  all  its  length  ;  it  communicates  with  the  atmosphere  at  its  two  extre- 
mities, whilst  square  holes,  left  at  right  angles  to  this  channel,  conduct  the  air 
into  the  furnace.  This  very  simple  construction  produces  a  powerful  effect  in  the 
roasting.  It  not  only  promotes  the  oxidation  of  the  metals,  but  burns  the  smoke,  and 
assists  in  the  vaporisation  of  the  sulphur ;  while  by  keeping  the  bridge  cool  it  pre- 
serves it  from  wasting,  and  secures  uniformity  of  temperature  to  the  hearth. 

4.  Refining  /'urnafe.— In  this,  as  in  the  melting  furnace,  the  side  slopes  towards  the 
front  door  instead  of  the  side  doors,  because  in  the  refining  furnace  the  copper 
collects  in  a  cavity  formed  in  the  hearth  near  the  front  door,  from  which  it  is  lifted 
out  by  ladles  ;  whereas,  in  the  melting  furnaces,  the  metal  is  run  out  by  a  tap-hole 
in  the  side.  The  ;  ole  is  laid  with  sand  ;  but  the  roof  is  higher  than  in  the  melting 
furnace,  being  from  32  to  36  inches  in  height.  If  the  top  arch  were  too  much 
depressed,  there  might  be  produced  upon  the  surface  of  the  metal  a  layer  of  oxide 
very  prejudicial  to  the  quality  of  the  copper.  In  that  case,  when  the  metal  is  run 
out,  its  surface  solidifies  and  cracks,  while  the  melted  copper  beneath  breaks  through 
and  spreads  irregularly  over  the  cake.  This  accident,  called  the  rising  nf  the  copper, 
prevents  it  from  being  laminated,  and  requires  it  to  be  exposed  to  a  fresh  refining 
process,  when  lead  must  be  added  to  remove  the  oxide  of  copper.  This  is  the  only 
occasion  upon  which  the  addition  of  lead  is  proper  in  refining  copper.  AVhen  the 
metal  to  be  refined  is  mixed  with  others,  particularly  with  tin,  as  in  extracting  copper 
from  old  bells,  then  very  wide  furnaces  must  be  employed,  to  expose  the  metallic 
bath  on  a  great  surface,  and  in  a  thin  stratum,  to  the  oxidising  action  of  the  air. 

The  door,  on  the  side  of  the  refining  furnace,  is  very  large,  and  shuts  -v^ith  a 
framed  brick  door,  balanced  by  a  counter-weight. 

5.  Heating  Furnaces,  being  destined  to  heat  the  pigs  or  bars  of  copper  to  he  lami- 
nated, as  well  as  the  copper  sheets  themselves,  are  made  much  longer  in  proportion 
to  their  breadth.  Their  hearth  is  horizontal,  the  vault  not  much  depressed  ;  they 
have  only  one  door,  placed  upon  the  side,  but  which  extends  nearly  the  whole  length 
of  the  furnace  ;  this  door  may  be  raised  by  means  of  a  counter-weight,  in  the  same 
way  as  in  the  furnaces  for  the  fabrication  of  sheet-iron  and  brass. 


Series  of  Operations  to  which  the  Ore  is  subjected. 

The  ores  which  are  smelted  in  the  Swansea  works  are  cupreous  pyrites,  more  or 
less  mingled  with  gangae  (vein-stone).  This  pyrites  is  composed  of  nearly  equal 
proportions  of  sulphide  of  copper  and  sulphide  of  iron. 

The  earthy  matters  which  accompany  the  pyrites  are  usually  siliceous,  though  in 
some  mines  the  mineral  is  mixed  with  clay  or  fluor-spar.  Along  with  these  substances, 
tin  and  arsenical  pyrites  occasionally  occur  with  the  copper  ;  and  though  these  two 
metals  are  not  chemically  combined,  yet  they  cannot  be  entirely  separated  by 
mechanical  preparation.  The  constituent  parts  of  the  ore  prepared  for  smeltmg  are, 
therefore,  copper,  iron,  and  sulphur,  with  earthy  matters,  and,  in  some  cases,  tm  and 
arsenic  'The  different  ores  are  mixed  in  such  proportions  that  the  average  metallic 
content's  may  amount  to  8  per  cent.    The  smelting  process  consists  in  alternate 

roastings  and  fusions.  ,  •  ^i. 

In  the  roasting  operation  the  volatile  substances  are  mostly  disengaged  in  the  gaseous 
state  while  the  metals  that  possess  a  strong  affinity  for  oxygen  become  oxidised.  In 
the  fusion  the  earthy  substances  combine  with  these  oxides,  and  form  glassy  scoria:  or 
slags,  which  float  upon  the  surface  of  the  melted  metal. 

These  calcinations  and  fusions  take  place  in  the  following  order:--  _ 

1  Calcination  of  the  ore.  2.  Fusion  of  the  calcined  ore.  3.  Calcination  of  coarse 
met"al  4.  Melting  the  calcined  coarse  metal.  5.  Calcination  of  fine  metal  (second 
mattV  6  Melting  calcined  fine  metal.  7.  Roasting  coarse  copper.  In  some  smelting- 
works,  this  roasting  is  repeated  four  times  ;  in  which  case  a  calcination  and  a  melting 
are  omitted.  In  other  works,  however,  a  saving  is  made  without  increasing  the 
number  of  roastings.    8.  Refining  or  toughening  the  copper. 

Besides  these  operations  which  constitute  the  treatment  of  copper  proper  y  speaking 
two  others  are  sometimes  performed,  in  which  only  the  sconoc  are  sme Ited^^  The  e 
mav  be  desienated  by  the  letters  a  and  b.  a  is  the  re-melting  of  a  poition  ot  the 
Toi^i^  of  thf  s^loud  process,  which  contain  some  metallic  gi  auulation.  6  is  a  par- 
ticular melting  of  the  scoria  of  the  fourth  operation.    This  iusion  is  intended  to 
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concentrate  the  particles  of  copper  in  the  scoriae,  and  is  not  practised  in  all  smeltiug- 

First  Operation.  Calcination  of  the  Ore— The  different  ores,  on  arriving  from  Corn- 
■srall  and  other  localities  where  thuy  are  mined,  are  discharged  in  continuous  cargoes 
at  the  smelting  works,  in  such  a  way,  that  by  taking  out  a  portion  from  several  heaps 
at  a  time,  a  tolerably  uniform  mixture  is  obtained ;  which  is  very  essential,  since 
the  ores,  being  different  in  quality  and  contents,  act  as  fluxes  for  each  other. 
The  mixed  ore  is  transported  to  the  works  in  wooden  measures  each  holding  a  hun- 
dred-weight. The  workmen  entrusted  with  the  calcination  convey  the  ore  into  the 
hoppers  of  the  calcining  furnace,  whence  it  falls  into  the  hearth  ;  other  workmen  spread 
it  uniformly  on  the  surface  with  iron  rakes.  The  charge  of  a  furnace  is  from  3  tons 
to  tons.  Fire  is  applied  and  gradually  increased,  till  towards  the  end  of  the  opera- 
tion, the  temperature  is  as  high  as  the  ore  can  support  without  melting  or  agglutinat- 
ing. To  prevent  this  running  together,  and  to  aid  the  extrication  of  the  sulphur,  the 
surfaces  are  renewed,  by  stirring  up  the  ore  at  the  end  of  every  hour.  The  calcination 
is  usually  completed  at  the  end  of  12  hours,  when  the  ore  is  raked  into  the  arch  under 
the  sole  of  the  furnace,  and  when  cold  enough  to  be  moved,  is  taken  out  of  the  arch, 
and  conveyed  to  the  calcined  heap. 

The  ore  in  this  process  scarcely  changes  weight,  having  gained  by  oxidation  nearly 
as  much  as  it  has  lost  in  sulphur  and  arsenic ;  and  if  the  roasting  has  been  rightly  man- 
aged, the  ore  is  in  a  black  powder,  owing  to  the  oxides  present. 

Second  Operation.  Fusion  of  the  calcined  Ore, —  The  calcined  ore  is  likewise  given 
to  the  smelters  in  measures  containing  a  hundred- weight.  They  throw  it  into  hoppers, 
and  after  it  has  fallen  on  the  hearth,  spread  it  uniformly.  They  then  let  down  the 
door,  and  lute  it  tightly.  In  this  fusion  there  are  added  about  2  cwt.  of  scoriae  pro- 
ceeding from  the  melting  of  the  calcined  matt,  to  be  afterwards  described.  The  object 
of  this  addition  is  not  only  to  extract  the  copper  that  these  scoriae  may  contain,  but  also 
to  increase  the  fusibility  of  the  mixture.  Sometimes,  when  the  composition  of  the  ore 
requires  it,  lime,  sand,  or  fluor-spar  is  added,  more  particularly  the  latter. 

The  furnace  being  charged,  fire  is  applied,  and  the  sole  care  of  the  founder  is  to  keep 
up  the  heat  so  as  to  have  a  perfect  fusion  ;  the  workman  then  opens  the  door,  and  stirs 
about  the  liquid  mass  to  complete  the  separation  of  the  metal  (or  rather  of  the  matt) 
from  the  scoriae,  as  well  as  to  hinder  the  melted  matter  from  sticking  to  the  sole. 
The  furnace  being  ready,  that  is,  the  fusion  being  perfect,  the  founder  takes  out  the 
scorite  by  the  front  door,  by  means  of  a  rake.  When  the  matt  is  thus  freed  from  the 
scoriae,  a  second  charge  of  calcined  ore  is  introduced  to  increase  the  metallic  bath ; 
which  second  fusion  is  executed  like  the  first.  New  charges  of  roasted  ore  are  put 
m  till  the  matt  collected  on  the  hearth  rises  to  a  level  with  the  door-way,  which  hap- 
pens commonly  after  the  third  charge.  The  tap  hole  is  now  opened  and  the  matt 
flows  out  into  a  pit  filled  with  water,  where  it  is  granulated  and  collects  in  the  pan 
placed  at  the  bottom.  The  granulated  matt  is  next  conveyed  into  the  matt  warehouse 
The  oxidation  with  which  the  grains  get  covered  by  the  action  of  water,  does  not  allow 
the  proper  shade  of  the  matt  or  coarse  metal  to  be  distinguished ;  but  m  the  bits  which 
stick  in  the  gutter,  it  is  seen  to  be  of  a  steel  grey  colour.  Its  fracture  is  compact  and 
Its  lustre  metallic.  The  scoriae  often  contain  metallic  grains ;  they  are  broken  and 
picked  with  care.  AU  the  portions  which  include  metallic  particles  are  re-melted  in 
an  accessory  process. 

In  this  operation,  the  copper  is  concentrated  by  the  separation  of  a  great  part  of  the 
matters  with  which  it  was  combined.  The  granulated  matt  produced  contains  in 
general  33  per  cent,  of  copper  ;  it  is  therefore  four  times  richer  than  the  ore  ;  and  its 
mass  IS  consequently  diminished  in  that  proportion.  Its  constituents  are  princinaUv 
copper,  iron,  and  sulphur.  ^  ^ 

The  most  important  point  in  the  fusion  just  described,  is  to  make  a  fusible  mixture 
01  tne  earths  and  oxides,  so  that  the  matt  of  copper  may,  on  account  of  its  greater 
below  and  separate  exactly  from  the  slag.  This  is  attained  by 
means  ot  metallic  oxides  contained  in  the  scoriae  of  the  fourth  operation,  of  which  2  cwt 
were  added  to  the  charge.  These  consist  almost  entirely  of  oxide  of  i^on  When  the 
thh  mu  J  h  ^  f r  ^^'^  ^  hundred-weight  of  fluor-spar  is  added  •  fut 

this  must  be  done  with  precaution,  for  fear  of  too  much  increasing  the  scoria. 

rZ.L^'^f^^  a  ton  and  a  half  of  calcined  ore,  so  that  a  smelting  furnace  nearlv 
corresponds  to  a  calcining  furnace ;  the  latter  turning  out  7  tons  of  cfkined  ore  in  24 

The  workmen  are  paid  by  the  ton. 
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Third  Operation.  Calcination  of  coarse  Metal.  —  object  of  this  operation  is 
priniupally  to  oxidise  tiie  irou,  which  is  more  easily  accomplished  than  in  the  first 
calcining,  because  the  metal  is  now  disengaged  from  the  earthy  substances,  which 
screened  it  from  the  action  of  the  air. 

This  calcination  is  executed  in  the  furnace  already  represented  in  figs.  562,  563,  564, 
page  823,  exactly  in  the  same  way  as  the  ore  was  calcined.  The  metal  must  be  per- 
petually stirred,  to  expose  all  its  surfaces  to  the  action  of  the  hot  air,  and  to  hinder 
clotting  together.  The  operation  lasts  24  hours ;  during  the  first  6,  the  fire  should  be 
very  moderate,  and  gradually  increased  to  the  end  of  the  calcination.  The  charge  is, 
like  that  of  the  first,  3^  tons. 

Fouitk  Operation.  Melting  the  calcined  coarse  Metal.  — In  the  fusion  of  this 
first  calcined  matt,  some  scorise  of  the  latter  operations  must  be  added,  which  are 
very  rich  in  oxide  of  copper,  and  some  crusts  from  the  hearth,  which  are  likewise 
impregnated  with  it.  The  proportion  of  these  substances  varies  according  to  the  quality 
of  the  calcined  matt. 

In  this  second  fusion,  the  oxide  of  copper  contained  in  the  scoria:  is  reduced  by  the 
affinity  of  the  sulphur,  one  portion  of  which  passes  to  the  state  of  acid,  while  the  other 
forms  a  subsulphide  with  the  free  copper.  The  matt  commonly  contains  a  sufficient 
quantity  of  sulphur  to  reduce  the  oxide  of  copper  completely  j  but  if  not,  which  may 
happen  if  the  calcination  of  the  matt  has  been  pushed  too  far,  a  small  quantity  of  un- 
calcined  matt  must  be  introduced,  which,  by  furnishing  sulphur,  diminishes  the  rich- 
ness of  the  scoriae,  and  facilitates  the  fusion. 

The  scoriae  are  taken  out  by  the  front  door  by  means  of  a  rake.  They  have  a  great 
specific  gravity,  are  brilliant  with  a  metallic  lustre,  very  crystalline,  and  present,  in  the 
cavities,  crystals  like  those  of  pyroxene;  they  break  easily  into  very  sharp-edged 
fragments,  and  contain  no  granulated  metal  in  the  interior ;  but  it  sometimes  occurs, 
OQ  account  of  the  small  thicknesses  of  the  stratum  of  scoriae,  that  these  carry  off  with 
them,  when  withdrawn,  some  metallic  particles. 

These  scoriae,  as  we  have  already  stated  (under  Fusion  of  the  roasted  Ore),  are  in 
general  melted  with  it.   In  some  cases,  however,  a  special  melting  is  assigned  to  them. 

The  matt  obtained  in  this  second  fusion  is  either  run  out  into  water  like  the  first,  or 
moulded  into  pigs  (ingots),  according  to  the  mode  of  treatment  which  it  is  to  undergo. 
This  matt,  termed  by  the  smelters  fine  metal  when  it  is  granulated,  and  blue  metal  when 
it  is  in  pigs,  is  of  a  light  grey  colour,  compact,  and  bluish  at  the  surface,  and  contains 
about  60  per  cent,  of  copper. 

(i.)  Particular  Fusion  of  the  Scoria:  of  the  fourth  Operation.— In  re-melting  these 
scoria,  the  object  is  to  procure  the  copper  which  they  contain.  To  effect  this  fusion, 
the  scoriae  are  mixed  with  pulverised  coal,  or  other  carbonaceous  matters.  The  copper 
and  several  other  metals  are  deoxidised,  and  furnish  a  white  and  brittle  alloy.  The  scona 
resulting  from  this  melting  are  in  part  employed  in  the  first  melting,  and  m  part  thrown 
away.  They  are  crystalline,  and  often  present  crystals  in  the  cavities,  which  appear 
to  belong  to  bisilicate  of  iron.  They  have  a  metallic  lustre  and  break  into  very  sharp- 
edged  fragments.    The  white  metal  is  melted  again,  and  then  united  to  the  product  of 

the  second  fusion.  ,         „  ,     m..-  •  »  j  • 

Fifth  Operation.  Calcination  of  the  second  Matt,  or  fine  Metal-  This  is  executed  in 
precisely  the  same  way  as  that  of  the  first  matt.   It  lasts  24  hours ;  and  the  charge  is 

""^"sHah^Operation.  Melting  of  the  calcined  fine  Metal— This  fusion  is  conducted  like 
that  of  the  first  matt.  The  black,  or  coarse  copper,  which  it  produces,  contains  trom 
70  to  80  per  cent,  of  pure  metal;  it  is  run  into  ingots,  in  order  to  undergo  the  opera- 

*'°ThI  scorSf  i-e  rich  in  copper ;  they  are  added  to  the  fusion  of  the  calcined  coarse 

mliy%mdt?ngTo£s?the  fifth  and  sixth  operations  have  of  late  years  been 
omitted     The  second  matt  is  run  into  pigs,  under  the  name  of  blue  metal,  to  be  luime- 

'■'YJe^Tsro^il-rttfinal  cc,  fig.  564,  which  .i-troduf  s  a  continuoi.  cu^^^^^^^ 
to  the  hearth  of  the  furnace,  accelerates  and  facihtates  the  calcination  of  the  matt 
advantage  which  has  simplified  the  treatment,  by  diminishing  the  number  of  cal- 


air 
an 

cinations 


S^enih  Operation.  Roasting  of  the  coarse  Copper,  the  product  of  the  sixth  Operatioru 
-The  chief  Sect  of  this  operation  is  oxidation  ;  it  is  performed  either  in  an  ordinal  y 

with  which  the  copper  is  still  contaminated.    The  f,"' ^o  'n^,  tK 

12  to  24  hours,  according  to  the  degree  of  purity  ol  the  crude  coppei.  Ihc  tcn.p.  ratuic 
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should  be  graduated  in  order  that  the  oxidation  may  be  complete,  and  that  the  volatile 
substances  which  tlie  copper  still  retains  may  escape  in  the  gaseous  form.  The  fusion 
must  take  place  only  towards  the  end  of  the  operation. 

The  charge  varies  from  a  ton  and  a  quarter  to  a  ton  and  a  half.  The  metal 
obtained  is  run  out  into  moulds  of  sand.  It  is  covered  with  black  blisters,  like  cei- 
mentation  steel;  whence  it  has  got  the  name  of  blistered  copper.  In  the  interior  of 
these  pigs  the  copper  presents  a  porous  texture,  occasioned  by  the  ebullition  produced 
by  the  escape  of  gases  during  the  moulding.  The  copper  being  now  almost  entirely 
freed  from  sulphur,  iron,  and  the  other  substances  with  which  it  was  combined,  is 
in  a  tit  state  to  be  refined.  This  operation  affords  scorise,  which  are  very  heavy,  and 
contain  a  great  deal  of  oxide  of  copper,  and  sometimes  even  metallic  copper. 

These  scorise,  as  well  as  those  of  the  third  melting  and  the  refining,  are  added  to 
the  second  fusion,  as  we  have  already  stated,  in  describing  the  fourth  operation. 

In  some  works,  the  roasting  is  several  times  repeated  upon  the  blue  metal,  in  order 
to  bring  it  to  a  state  fit  for  refining.  We  shall  subsequently  notice  this  modification 
of  the  treatment. 

Eighth  Operation.  Refining  or  Toughening. — The  pigs  of  copper  intended  for  refining 
are  placed  on  the  sole  of  the  refining  furnace  through  the  door  in  the  side.  A  slight 
heat  is  first  given,  to  finish  the  roasting  or  oxidation,  in  case  this  operation  has  not 
already  been  pushed  sufficiently  far.  The  fire  is  to  be  increased  by  slow  degrees,  so 
that,  by  the  end  of  six  hours,  the  copper  may  begin  to  flow.  When  all  the  metal  is 
melted,  and  the  heat  is  very  considerable,  the  workman  lifts  the  door  in  the  front, 
and  withdraws  with  a  rake  the  few  scoria;  which  may  cover  the  copper  bath.  These 
are  red,  lamellated,  very  heavy,  and  closely  resemble  protoxide  of  copper. 

The  refiner  then  takes  an  assay  with  a  small  ladle,  and  when  it  cools,  breaks  it  in 
a  vice,  to  ascertain  the  state  of  the  copper.  From  the  appearance  of  the  assay,  the 
aspect  of  the  bath,  the  state  of  the  fire,  &c.,  he  judges  if  he  may  proceed  to  the 
toughening,  and  what  quantity  of  wooden  spars  and  wood-charcoal  he  must  add  to 
render  the  metal  malleable,  or,  in  the  language  of  the  smelters,  bring  it  to  the  proper 
pitch.  When  the  operation  of  refining  begins,  the  copper  is  dry  or  brittle,  and  of  a  deep 
red  colour  approaching  to  purple.    Its  grain  is  coarse,  open,  and  somewhat  crystalline. 

To  execute  the  refining,  the  surface  of  the  metal  is  covered  with  wood-charcoal,  and 
stirred  with  a  spar  or  rod  of  birch  or  other  wood.  The  gases  which  escape  from  the 
wood  occasion  a  brisk  efifervescence.  More  wood-charcoal  is  from  time  to  time 
added,  so  that  the  surface  of  the  metal  may  be  always  covered  with  it,  and  the  stir- 
ring is  continued  until  the  operation  of  refining  is  finished ;  a  circumstance  indicated 
by  assays  taken  in  succession.  The  grain  of  the  copper  becomes  finer  by  degrees, 
and  its  colour  gradually  brightens.  When  the  grain  is  extremely  fine,  or  dose, 
when  the  trial-pieces,  half  cut  through  and  then  broken,  present  a  silky  fracture, 
and  the  copper  is  of  a  fine  light  red,  the  refiner  considers  the  operation  to  be  com- 
pleted; but  he  verifies  still  further  the  purity  of  the  copper,  by  trying  its  malleability. 
For  this  purpose,  he  takes  out  a  sample  in  a  small  ladle,  and  pours  it  into  a  mould* 
When  the  copper  is  solidified,  but  still  red-hot,  he  forges  it.  If  it  is  soft  under  the 
hammer,  and  does  not  crack  on  the  edges,  the  refiner  is  satisfied  with  its  ductility 
and  pronounces  it  to  be  in  its  proper  state.  He  then  orders  the  workmen  to  mould 
It:  they  lift  the  copper  out  of  the  furnace  in  large  iron  ladles  lined  with  clay,  and 
pour  It  into  moulds  of  a  size  suitable  to  the  demands  of  commerce.  The  ordinary 
dimensions  of  the  ingots  or  pigs  are  12  inches  broad,  18  long,  and  from  2  to  thick 

The  period  of  the  refining  process  is  20  hours.  In  the  first  six,  the  metal  heats 
and  sutlers  a  kind  of  roasting;  at  the  end  of  this  time  it  melts.  It  takes  four  hours 
to  reach  the  point  at  which  the  refining,  properly  speaking,  begins;  and  this  last  part 
ot  the  process  lasts  about  four  hours.  Finally,  six  hours  are  required  to  arrange  the 
moulds,  cast  the  ingots,  and  allow  the  furnace  to  cool. 

The  charge  of  copper  in  the  refining  process  depends  upon  the  dimensions  of  the 
turnace.    In  different  works  the  charge  varies  from  3  to  5  tons 

\Vhen  the  copper  offers  difficulties  in  refining,  a  few  pounds  of  lead  are  added  to 
It.  This  metal,  by  the  facility  with  which  it  scorifies,  acts  as  a  purifier,  aiding  the 
oxidation  of  the  iron  and  other  metals  that  may  be  present.  The  lead  ought  to  be 
added  immediately  after  removing  the  door  to  skim  the  surface.  The  coppfr  should 
be  constantly  stirred  to  expose  the  greatest  possible  surface  to  the  action  of  the  ai^r 
and  to  produce  the  complete  oxidation  of  the  lead;  since  the  smallest  quantity  of 
this  metal  m  copper  causes  a  difficulty  in  the  lamination;  i.e.,  the  scale  of  oxide 
does  not  come  clean  from  the  surface  of  the  sheets. 

The  operation  of  refining  copper  is  delicate,  and  requires,  upon  the  nart  of  fb^ 
workmen  great  skill  and  attention  to  give  the  metal  its  Jrope^  ducdlity    ^Its  surfS 
ought  to  be  entirely  covered  with  wood-charcoal;  without  this  nreonnVln^  ti  c 
of  the  metal  would  go  buck,  as  the  workmen  say,  di^Hng  Ve'Cglnletrwh^ 
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elapses  in  moulding;  whenever  this  accident  happens,  it  must  be  stirred  anew  with 
the  wooden  pole. 

Too  long  employment  of  the  pole  causes  the  copp^-  to  become  more  brittle  than  it 
•was  prior  to  the  commencement  of  the  refining;  that  is,  when  it  was  dry.  Its  colour 
is  now  of  a  very  brilliant  yellowish  red,  and  its  fracture  fibrous.  When  this  occurs, 
the  refining,  as  the  workmen  say,  has  gone  too  far,  and  the  refiner  removes  the  char- 
coal from  the  top  of  the  melted  metal;  he  opens  the  side  door,  to  expose  the  copper 
to  the  action  of  the  air,  and  it  then  resumes  its  malleable  condition. 

The  theory  of  refining  may  be  thus  explained:— We  may  conclude  that  the  copper 
in  the  drij  state  before  refining,  is  combined  with  a  small  portion  of  oxygen,  or,  in 
other  words,  that  a  small  portion  of  oxide  of  copper  is  diffused  through  the  mass,'  or 
combined  with  it;  and  that  this  proportion  of  oxygen  is  expelled  by  the  deoxidising 
action  of  the  wood  and  charcoal,  whereby  the  metal  becomes  malleable.  2.  That 
when  the  refining  process  is  carried  too  far,  the  copper  gets  combined  with  a  little 
carbon.  Thus  copper,  like  iron,  is  brittle  when  combined  with  oxygen  or  carbon; 
and  becomes  malleable  only  when  freed  entirely  from  these  substances. 

It  is  remarkable,  that  copper,  in  the  dry  state,  has  a  strong  action  upon  iron;  and 
that  the  tools  employed  in  stirring  the  liquid  metal  become  glistening,  like  those 
used  in  a  farrier's  forge.  The  iron  of  the  tools  consumes  more  rapidly  at  this 
time  than  when  the  copper  has  acquired  its  malleable  state.  The  metal  requires, 
also,  when  dry,  more  time  to  become  solid,  or  cool,  than  when  it  is  refined;  a  circum- 
stance depending,  probably,  upon  the  difference  in  fusibility  of  the  copper  in  the  two 
states,  and  which  seems  to  indicate  the  presence  of  oxygen. 

When  the  proper  refining  puint  has  been  passed,  another  very  remarkable  circum- 
stance has  been  observed;  namely,  that  the  surface  of  the  copper  oxidises  less  easily, 
and  that  it  is  uncommonly  brilliant;  reflecting  clearly  the  bricks  of  the  furnace  vault. 
This  fact  is  favourable  to  the  idea  suggested  above,  that  the  metal  is  in  that  case  com- 
bined with  a  small  quantity  of  carbon ;  which  absorbs  the  oxygen  of  the  air,  and 
thus  protects  the  metal  from  its  action. 

Copper  is  brought  into  the  market  in  different  forms,  according  to  the  purposes 
which  it  is  to  serve.  That  which  is  to  be  employed  in  the  manufacture  of  brass  is 
granulated.  In  this  condition  it  presents  more  surface  to  the  action  of  zinc,  and  com- 
bines with  it  more  readily.  To  produce  this  granulation,  the  metal  is  poured  into  a 
large  ladle,  pierced  with  holes  and  placed  above  a  cistern  filled  with  water,  which 
must  be  hot  or  cold,  according  to  the  form  of  the  grains  required.  When  it  is  hot., 
round  grains  are  obtained  analogous  to  lead  shot;  and  the  copper  in  this  state  is  called 
bean  shot.  When  the  melted  copper  falls  into  cold  water  perpetually  renewed,  the 
granulations  are  irregular,  thin,  and  ramified  ;  constituting  feathered  shot.  The  bean 
shot  is  the  form  employed  in  brass  making. 

Copper  is  also  made  into  small  ingots,  about  six  ounces  in  weight.  These  are  in- 
tended for  exportation  to  the  East  Indies,  and  are  known  in  commerce  by  the  name 
of  Japan  copper.  "SVhenever  these  little  pieces  are  solidified,  they  are  thrown,  while 
hot,  into  cold  water.  This  immersion  slightly  oxidises  the  surface  of  the  copper,  and 
gives  it  a  fine  red  colour. 

Lastly,  copper  is  often  reduced  into  sheets,  for  the  sheathing  of  ships,  and  many 
other  purposes. 

The  cylinders  for  rolling  copper  into  sheets  are  usually  3  feet  long,  and  1 5  inches 
in  diameter.  They  are  uniform.  The  upper  roller  may  be  approached  to  the  under 
one  by  a  screw,  so  that  the  cylinders  are  brought  closer  in  proportion  as  the  sheet  is 
made  thinner.  ,    ^.  , 

The  ingots  of  copper  are  laid  upon  the  sole  of  a  reverberatory  furnace  to  be  heated ; 
they  are  placed  alongside  each  other,  and  are  formed  into  piles  in  a  cross-like  arrange- 
ment, so  that  the  hot  air  may  pass  freely  round  them  all  The  door  of  the  furnace  is 
shut,  and  the  workman  looks  in  through  a  peep-hole  from  time  to  time,  to  see  if  they 
have  taken  the  requisite  temperature ;  namely,  a  dull  red.  The  copper  is  now  passed 
between  the  cylinders;  but  although  this  metal  is  very  malleable,  the  ingots  cannot 
be  reduced  to  sheets  without  being  several  times  heated;  because  the  copper  cools, 
and  acquires,  by  compression,  a  texture  which  stops  the  further  progress  of  lami- 
nation.   See  Annealing.  .  j    .t,     i,  i 

These  successive  heatings  are  given  in  the  furnace  above  indicated ;  though,  when 
the  sheets  are  to  have  a  very  great  size,  furnaces  somewhat  different  are  had  recourse 
to.    They  are  from  12  to  15  feet  long,  and  5  feet  wide.    See  Brass. 

The  copper,  by  successive  heating  and  lamination,  gets  covered  with  a  coating  of 
oxide,  which  is  removed  by  steeping  the  sheets  for  a  few  days  m  a  pit  failed  wil  i 
urine    they  are  then  put  upon  the  sole  of  the  heating  furnace.    Ammonia  is  formed 
which  acts  on  the  copper  oxide,  and  lays  bare  the  metallic  surface.    T  he  sl'^ef^  are 
next  rubbed  with  a  piece  of  wood,  then  plunged,  while  still  hot,  into  water,  to  make 
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the  oxide  scale  off ;  and  are  lastly  passed  cold  through  the  rolling  press  to  smooth 
them.    They  are  now  cut  square,  and  packed  up  for  home  sale  or  exportation. 

The  foUowing  estimate  was  given  hy  MM.  Dufrenoy  and  Elie  de  Beaumont  of  the 
expense  of  manufacturing  a  ton  of  copper  at  the  time  of  their  visit  to  South  Wales  in 
1822.  £    s_  j_ 

12^  tons  of  ore,  yielding  8ipe?' ceni.  of  copper  55    0  0 
20  tons  of  coals  -       -       -       -       -       -  800 

Workmen's  wages,  rent,  repairs,  &c.    -       -    13    0  0 

„,       .  ,   .       ^  £76    0  0 

Ihe  exhalations  from  the  copper  smelting-works  are  exceedingly  detrimental  to 
both  vegetable  and  animal  life.  They  consist  of  sulphurous  acid,  sulphuric  acid 
arsenic  and  arsenious  acids,  various  acid  and  fluoric  vapours,  with  solid  particles 
mechanically  swept  away  into  the  air.  ^ 

The  following  figures  represent  certain  modifications  of  the  copper  calcinini?  and 
smelting  copper  furnaces  of  Swansea.  caicining  and 

Fig.  565  is  the  section 
of  the  roasting  furnace  •.     I   »     -  ^^5 

lengthwise;  fg.  566  the 

ground  plan;  in  which 

a,  is  the  fire  door;  b, 

the  grate;  c,  the  fire- 
bridge ;  d,  the  chimney ; 

e  e,  apertures  on  each  of 

the  long  sides  of  the 

furnace,  through  which 

the  ore  is  spread,  and 

turned  over;  / /  iron 

hoppers;  g  g,  openings 

in  the  vaulted  roof;  h  

the  hearth-sole;      holes  in  this ;  k,  a  vaulted  space  under  the  hearth 

WadthT.'"'  °-!  «.'-P<^.        is  covered  with^a  flat  arch  ' 
breadth  13i,  mean  height  2  feet. 

566 


The  hearth 
Its  length  is  16  feet. 


•n  w^Z,  I  ^h^fiSSLr  ;  ttl^f!'  '^^^"•^^  568  thT^ound  plan. 

•j  the  fire-bridge;  d,  the  chimney;  e  the  568 

ide  openings;/,  the  working  door-  n 

he  rakiDg-out  hole ;  h,  iron  spouts,  which 
conduct  the  melted  metal  into  pits  fiUed 
with  water. 

melting  furnace  is  altogether 
smaller;  but  its  firing  hearth  is  consi- 
derably larger  than  in  the  roasting  fur- 

rsT4  fl^'        u""''  ""^^^  Inearth 

IS  14  feet;  Its  short  axis  10  feet  -  it<! 
mean  height  2  feet.  '  ^ 

Napier's  Process  for  smelting  Copper 
Ores.-As  the  copper  ores  of  this  coC 
try  often  contain  small  portions  of  other 
metals  such  as  tin,  antimony,  arsenic 
&c.,  which  are  found  to  deteriorate  the 
copper,  Mr.  Napier's  process  has  in  view 

;m«^  -  the  same  time  to  shorlen  the  op^^tions  of  the 
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The  first  two  operations,  that  of  calcining  and  fusing  the  ore,  are  the  same  as  the 
ordinary  process;  but  the  product  of  this  last  fusion — viz.,  the  coarse  metnl — is  again 
fused  with  a  little  sulphate  of  soda  and  coal  mix^d.  And  whenever  this  becomes 
solid,  after  tapping  the  furnace,  it  is  thrown  into  a  pit  of  water,  where  it  immediately 
falls  into  an  impalpable  powder ;  the  water  boils,  and  then  contains  caustic  soda  and 
sulphide  of  sodium,  dissolving  from  the  powder  those  metals  that  deteriorate  the 
copper,  the  ley  is  let  oif>  and  the  powder  washed  by  allowing  water  to  run  through 
it.  The  powder  is  then  put  into  a  calcining  furnace,  and  calcined  until  all  sulphur 
is  driven  off,  which  is  easily  done  from  the  finely  divided  state  of  the  mass.  This 
calcined  powder  is  now  removed  to  a  fusing  furnace,  and  mixed  with  ores  containing 
no  sulphur,  such  as  carbonates  and  oxides,  and  a  little  ground  coal,  and  the  whole 
fused ;  the  result  of  this  fusion  is  metallic  copper  and  sharp  slag  —  that  is,  a  scoria  con- 
taining much  protosilicate  of  iron,  which  is  used  as  a  flux  in  the  first  fusion  of  the 
calcined  ore,  so  that  any  small  trace  of  copper  which  the  slag  may  contain  is  thus 
recovered. 

The  copper  got  from  this  fusion  is  refined  in  the  ordraary  way,  and  is  very  pure. 

When  the  copper  ores  contain  tin  to  the  extent  of  from  ^  per  cent,  to  2  per  cent., 
■which  many  of  them  are  found  to  do,  Mr.  Napier  proposes  to  extract  this  tin,  and 
make  it  valuable  by  a  process  which  has  also  been  the  subject  of  a  patent.  The  ore 
is  first  ground  and  calcined,  till  the  amount  of  sulphur  is  a  little  under  one-fourth  of 
the  copper  present,  the  ore  is  then  fused  with  a  little  coal.  The  result  of  this  fusion, 
besides  the  scoria,  is  a  regulus  composed  of  sulphur,  copper,  and  iron,  and  under  this 
is  a  coarse  alloy  of  copper,  tin,  and  iron,  called  white  metal.  This  alloy  is  ground 
fine  and  calcined  to  oxidise  the  metals,  which  are  then  fused  in  an  iron  pot  with 
caustic  soda,  which  combines  with  the  tin  and  leaves  the  copper.  The  oxide  of 
Conner  is  now  fused  with  the  regulus.  The  stannate  of  soda  is  dissolved  in  water,  and 
the  tin  nrecipitated  by  slaked  lime,  which  is  dried  and  fused  with  carbonaceous  matters 
and  a  little  sand,  and  metallic  tin  obtained  ;  the  caustic  soda  solution  is  evaporated  to 
dryness  and  used  over  again.  This  process  is  well  adapted  for  very  poor  copper 
nrps  that  are  mixed  with  tin,  or  poor  tin  ores  mixed  with  copper. 

Alcm  e«Srf  at  Chessy.*- The  principal  ore  smelted  at  Chessy  was  the 
azSe  copper^vhich  was  discovered  by  accident  in  1812.  Bed  copper  ore,  also 
came  into  operaTion  there  after  1825.  The  average  metallic  contents  of  the  richest 
azure  ore  was  from  33  to  36  per  cent. ;  of  the  poorer,  from  20  to  24.  The  red  ore  con- 
S  from  40  to  67  parts  in  100.  The  ore  was  sorted  to  an  average  of  27  per  cent,  of 
Sf  o  which  20  per  cent,  of  limestone  was  added;  whence  the  cinder  wiU  amount 
^1o Ver  cent  of  the  ore.    A  few  per  cents,  of  red  copper  slag,  with  some  q^-cklime 

can  be  worked  "^/^  hours.    When  t^^^^^  frequently  raked  off,  the  blast  is  stopped, 

^;S„lia.  of  iron,  ft.  red  '''f;'°'%^Z'iTott:'S  c.U.d  Sphi.^f,.  (split 

„y.  of  6-taick..  The  hea*  „  '^^.^^'^^^j^lX"  ^  ui.^,o,^,  c. 
upon  a  bottom  of  weU-beat  ciay,  «,  ^  u''^  ^  ^  ^  .  ^^^^^  discharge 
Beneath  this  there  was  a  slag  bottom,  f '//^^^^//PPf^^^^^^  feet,  the  shorter 

Hole.    The  [-arth  ^s  egg-shap  d ;  the^  1^^^^  ^^^^^^^^ 
61  feet ;  in  the  middle  it  was  1"        f  570    These  outlets  were  contracted 

which  lead  to  each  of  the  Spleiss-hearths  h  The  two  hearths  were 

with  fire-bricks,  i  i,  till  the  proper  Peno^  of  S  fn  diameter,  16  inches  deep; 
Dlaced  in  communication  by  a  canal,  A,  they  ^ere  ^        h  e. 

Cred  with  well-beat  coal-ashes  and  rece.^^^^^^^^^^  ^     S,,;^.  the 

I  is  the  grate;      J may  be  drain  off.  Above 

by  a  liumid  process. 
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this  was  a  small  chimney,  to  carry  off  the  flame  and  smoke  -whenever  the  door  was 
opened. 

The  smelting  post  or 
charge,  to  be  purified  at 
once,  consisted  of  60  cwt. 
of  black  copper,  to  -which 
a  little  granular  copper 
and  copper  of  cementa- 
tion -were  added;  the 
consumption  of  pit-coal 
amounted  to  36  cwt.  As 
soon  as  the  copper  -was 
melted,  the  bellows  were 
set  a-going,  and  the  sur- 
face of  the  metal  soon 
became  covered  with  a 
moderately  thick  layer  of 
cinder,  which  was  drawn 
oif.  This  was  the  first 
skimming  or  decrassage. 
By  and  by,  a  second  layer 
of  cinder  formed,  which 
was  in  like  manner  re- 
moved; and  this  skim- 
ming was  repeated,  to 
allow  the  blast  to  act  upon 
fresh  metallic  surfaces. 
After  4  or  5  hours,  no  more  slag  appeared,  and  then  the  fire  was  increased.  The 
melted  mass  now  began  to  boil  or  work  (travailler),  and  continued  so  to  do  for 


about  3  of  an  hour,  or  an  hour,  after  which  the  motion  ceased,  though  the  fire  was 
kept  up  The  gahrproof  was  now  taken ;  but  the  metal  was  seldom  fine  in  less 
than  ,  of  an  hour  after  the  boil  was  over.  Whenever  the  metal  was  run  off  by 
the  tap-hole  into  the  two  basins,  h  h,  called  split-hearths,  a  reddish  vapour  or  mist 
arose  irom  its  surface,  composed  of  an  infinite  number  of  minute  globules  which 
revoivecl  with  astonishing  velocity  upon  their  axes,  constituting  what  the  Germans 
..lltT^-lT  l^^^l^i'^g)  of  the  copper.  They  were  composed  of  a  nucleus  of  metal, 
covered  with  a  him  of  protoxide,  and  were  used  as  sand  for  strewing  upon  manuscript 

melterre7aMn'fb^''ff''^'/'  ,«P"°"i°g  ^^^r  upon  the  surface  of  the 

waw  =  -^'^  °^  ""'T''  ^^'""^  """^  immediately  immersed  in  a  stream 
about  To  fl  P'^'^'i  '^'^'^  '  the  skimmings  weighed 

alv.uf,  oO  cwt. ;  the  refuse  was  from  15  to  17  per  cent. ;  the  loss  from  2  to  3  per  cent 
Ihe  gahrslag  amounted  to  11  cwt.  lu  o  per  ocni. 
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The  refining  of  the  eliquated  copper  (called  darrlinge)  from  which  the  silver  has 
been  sweated  out  by  means  of  lead,  can  be  performed  only  in  small  hearths.  The 
following  is  the  representation  of  such  a  furnace,  ca^ed  in  German  Kupferyuhrhecrd. 
Fig.  571  is  the  section  lengthwise  ;        572  is  the  section  across;  and /y.  673  is 
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the  ground  plan,  in  which  a  is  the  hearth-hollow ;  h,  a  massive  wall ;  c,  the  mass  out 
of  which  the  hearth  is  formed ;  d,  cast-iron  plates  covering  the  hearth ;  e,  opening 
for  running  off  the  liquid  slag ;  /,  a  small  wall;  g,  iron  curb  for  keeping  the  coals 
together. 

The  hearth  being  heated  with  a  bed  of  charcoal,  \  cwt.  of  darrlinge  are  laid  over  it 
and  covered  with  more  fuel:  whenever  this  charge  is  melted,  another  layer  of  the  coal 
and  darrlinge  is  introduced,  and  thus  in  succession  till  the  hearth  becomes  full  or 
contains  from  2\  to  21  cwt.  In  Neustadt  7^  cwt.  of  darrlinge  have  been  refined  in  one 
furnace,  from  which  5  cwt.  of  gahrkupfer  has  been  obtained.  The  blast  oxidises  the 
foreign  metals,  namely,  the  lead,  nickel,  cobalt,  and  iron,  with  a  little  copper,  forming 
the  gahrslag ;  which  is,  at  first,  rich  in  lead  oxide  and  poor  in  copper  oxide ;  but,  at  the 
end,  this  is  reversed.  The  slag,  at  first  blackish,  assumes  progressively  a  copper-red 
tint.  The  slag  flows  off  spontaneously  along  the  channel  e,  from  the  surface  of  the 
hearth.  The  gahre  is  tested  by  means  of  a  proof  rod  of  iron,  called  Gahreisen,  thrust 
through  the  lui/i:re  into  the  melted  copper,  then  drawn  out  and  plunged  in  cold  water. 
As  soon  as  the  gahrsvan  (scale  of  copper)  appears  brownish-red  on  the  outside,  and 
copper-red  within,  so'thin  that  it  seems  like  a  net- work,  and  so  deficient  in  tenacity 
that  it  cannot  be  bent  without  breaking,  the  refining  is  finished.  The  blast  is  then 
stopped ;  the  coals  covering  the  surface,  as  also  the  cinders,  must  be  raked  off  the  copper, 
after  being  left  to  cool.  The  surface  is  now  further  cooled  by  sprinkling  water  upon  it, 
and  the  thick  cake  of  congealed  metal  {rondelle)  is  lifted  off  with  tongs,  a  process 
called  schleissen  (slicing),  or  scheibenreissen  (shaving),  which  is  continued  till  the  last 
convex  cake  at  the  bottom  of  the  furnace,  styled  the  kingspiece,  is  withdrawn.  1  bese 
rondelles  are  immediately  immersed  in  cold  water,  to  prevent  the  oxidation  ot  the 
copper;  whereupon  the  metal  becomes  of  a  cochineal -red  colour,  and  gets  covered 
with  a  thin  film  of  protoxide.  Its  under  surface  is  studded  over  with  points  and 
hooks,  the  result  of  tearing  the  congealed  disc  from  the  liquid  metal.  Such  cakes 
are  called  rosette  copper.  When  the  metal  is  pure  and  free  from  oxide,  these 
cakes  mav  be  obtained  very  thin,  J,th  of  an  inch,  for  example. 

The  refining  of  2i  cwts.  of  darrlinge  takes  ?  of  an  hour,  and  yields  U  cwts.  of  gahr 
cower  in  36  rosettes,  as  also  some  gahrslag.    Gahr  copper  generally  contains  from 
U  to  2i  per  cent,  of  lead,  along  with  a  little  nickle,  silver,  iron,  and  aluniinium. 
'  Smeldng  of  the  Mansfdd  Copper  Schist,  or  bituminous  Mergelsclaefer.-'The  cupreous 
ore  is  first^  roasted  in  large  heaps  of  2000  cwts.,  interstrat.fied  with  ^ru^h-vrood  and 
wkh  some  slates  rich  in  bituminous  matter  mixed  with  the  others.    These  heaps  are 
S  ells  hieh   and  go  on  burning  15  weeks  in  fair  and  20  in  ramy  weather.  The 
bitumen  is  decomposed;  the  sufphur  is  dissipated  chiefly  in  the  form  of  sulphurous 
ao  d    the  metal  -ets  partially  oxidised,  particularly  the  iron,  which  is  a  very  de- 
Sle tcSLl  fo\  the  production  of\good  smelting  slag.  Th-alc^^^ 
diminished  i,th  in  bulk  and  Jth  in  weight;  becommg  of  a  f'^,!^ f  *^^\""%X^\tl 
yellow  colour.    The  smelting  furnaces  are  cupolas  (SctecA  q/c«),  U         f^e'^t  hi  h  , 
the  f^el  is  partly  wood-charcoal,  partly  coke  from  the  Berlin  gfls-^orks  and  Si^es 
The  blast  is  given  by  a  cylinde/  recently  substituted  for  the  old  barbarous  Blase 
balgen,  or  wooden  bellows  of  the  household  form. 
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The  cupreous  slate  is  sorted,  according  to  its  composition,  into  slate  of  lime,  clay, 
iron,  &c.;  by  a  mixture  of  which  the  smelting  is  facilitated.  For  example,  1  post  or 
charge  may  consist  of  20  cwts.  of  the  ferruginous  slate,  14  of  the  calcareous,  6  of  the 
argillaceous,  -with  3  of  fluor-spar,  3  of  rich  copper  slags,  and  other  refuse  matters. 
The  nozzle  at  the  tuyere  is  lengthened  6  or  8  inches,  to  place  the  melting  heat  near 
the  centre  of  the  furnace.  In  15  hours  1  fuder  of  48  cwt.  of  the  above  mixture  may 
be  smelted,  whereby  4  to  5  cwts.  of  matt  (crude  copper,  called  Kiipfcrstein  in  Ger- 
many) and  a  large  body  of  slags  are  obtained.  The  matt  contains  from  30  to  40  per 
cent,  of  copper,  and  from  2  to  4  lolhs  (1  to  2  oz.)  of  silver.  The  slags  contain  at  times 
^th  their  weight  of  copper. 

The  malt  is  composed  of  the  sulphides  of  copper,  iron,  silver,  zinc,  along  with  some 
arsenical  cobalt  and  nickel.  The  slaty  slag  is  raked  oflp  the  surface  of  the  melted  matt 
from  time  to  time.  The  former  is  either,  after  being  roasted  6  successive  times, 
smelted  into  black  copper,  or  it  is  subjected  to  the  following  concentration  process. 
It  is  broken  to  pieces,  roasted  by  brushwood  and  coals  3  several  times  in  brick- 
walled  kilns,  containing  60  cwts.,  and  turned  over  after  each  calcination  ;  a  process 
of  4  weeks'  duration.  The  thrice  roasted  mass,  called  spurrost,  being  melted  in  the 
cupola,^(/.  574,  with  ore-cinder,  yields  the  spurstein,  or  concentrated  matt.  From 
30  to  40  cwts.  of  spurrost  are  smelted  in  24  hours  ;  and  from  48  to  60  per  cent,  of 
spurstein  are  obtained,  the  slag  from  the  slate  smelting  being  employed  as  a  flux. 
The  spurstein  contains  from  50  to  60  per  cent,  of  copper,  combined  with  the  sulphides 
of  copper,  of  iron,  and  silver. 

The  spurstein  is  now  mixed  with  dilnnstein  (a  sulphide  of  copper  and  iron  produced 
in  the  original  smelting)  roasted  6  successive  times,  in  quantities  of  60  cwt.,  with 
brushwood  and  charcoal ;  a  process  which  requires  from  7  to  8  weeks.  The  product 
of  this  six-fold  calcination  is  the  Gahrrost  of  the  Germans  ;  it  has  a  colour  like  red 
copper  ore,  varymgfrom  blue  grey  to  cochineal-red,  with  a  granular  fracture;  and  may 
be  immediately  reduced  into  metallic  copper,  which  process  is  called  hupfermacheii. 
But  before  smelting  the  mass,  it  is  lixiviated  with  water,  to  extract  from  it  the  soluble 
sulphate,  which  is  concentrated  in  leaden  pans,  and  crystallised. 

The  lixiviated  gahrrost  mixed  with  from  ^  to  i  of  the  lixiviated  dwmsteinrost,  and  i 
to  ^  of  the  copper  slate  slag,  are  smelted  with  charcoal  or  coke  fuel  in  the  course  of 
24  hours  m  a  mass  of  60  or  SO  cwts.  The  product  is  black  copper,  to  the  amount  of 
about  ^  the  weight  and^  of  diinnstein,  or  thin  matt.  This  black  copper  contains  in 
the  cwt.  from  12  to  20  loths  (6  to  10  oz.)  of  silver.  The  dunnstein  consists  of  from 
th!^  II  \  A  with  sulphur,  sulphide  of  iron,  and  arsenic  ;  and 

tlerriicY^of  rtr^nStboC"'^  °'  ^"^^  ^'^^'^  '''''''       ""'^^'•"-^  ^ 

it  is  the  diinnstein,  covered  with 
the  stone  slag,  or  copper  cinder, 
resulting  from  the  slate-smelting. 
The  slags  being  raked  off,  and 
the  crucible  sufficiently  full,  the 
eye  or  nozzle  hole  is  shut,  the 
diinnstein  removed  by  cooling  the 
surface  and  breaking  the  crust, 
which  is  about  \  to  i  inch  thick.' 
The  same  method  is  adopted  for 
taking  out  the  black  copper  in 
successive  layers.  For  the  desil- 
vering  of  this,  and  similar  black 
coppers,  see  Silver. 

Fig.  574  is  a  vertical  section 
through  the  tuyite  in. the  dotted 
line  A  B  of  fig.  576.  Fig. 
575  IS  a  vertical  section  through 
the  dotted  line  c  d  of  fig.  577 
a  is  the  shaft  of  the  furnace  '; 
6,  the  rest,  cc,  the  tuyeres  ;  d 
the  sole  or  hearth-stone,  which 
has  a  slope  of  3  inches  towards 
the  front  wall ;  ee,  &c.,  casing 
walls  of  fire  bricks;  ff  &c 
filling-up  walls  built  of  rubbish 
stones  ;  gg,  a  mass  through  which 

Vol.  I.  Pi^occss  is  lun  oti  into  the  fore-hearth.  Beneath 
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the  hearth-sole  there  is  a  solid  body  of  loam  ;  and  the  fore-he;irih  is  formed  with  a 
mixture  of  coal-dust  and  clay  ;  h  is  the  discharge  outlet  for  moisture.  Fixj.  576  is  a 
horizontal  section  of  the  furnace  llirough  tliu  Jiole  or  eye,  ou  the  dotted  line 
E  F  of  y/i/.  574  ;  JUj.  57  7,  a  horizontal  section  of  the  shaft  of  the  furnace  through 
the/orm  along  the  dotted  line  g  u  oi fiys.  574  and  575.  The  heightof  the  shaft,  from 
tlie  line  e  f  to  the  top,  is  14  feet ;  from  e  to  g,  25  inches  ;  from  c  to  tlie  line  below  b, 

2  feet;  from  that  line  to  the  line  opposite  </j,  2  feet.    The  width  at  the  line  y  y  is 

3  feet  3  inches,  and  at  c,  26  inches.    The  basins,  t  i,J}y.  576,  are  3  feet  in  diameter, 
and  20  inches  deep. 

The  relining  of  copper  is  said  to  be  well  executed  at  Seville,  in  Spain  ;  and,  there- 
fore, some  account  of  the  mode  of  operating  there  may  perhaps  be  acceptable. 

The  first  object  is  to  evaporate  in  a  reverbcratory  furnace  all  the  volatile  sub- 
stances, such  as  sulphur,  arsenic,  antimony,  &c.,  which  may  be  associated  with  the 
copper ;  and  the  second,  to  oxidise  and  convert  into  scoria;  the  fixed  substances,  such 
as  iron,  lead,  &c.,  •with  the  least  possible  expense  and  waste.  The  minute  quantities 
of  gold  and  silver  which  resist  oxidation  cannot  be  in  any  way  injurious  to  the 
copper.  The  hearth  is  usually  made  of  refractory  sand  and  clay  with  ground  char- 
coal, each  mixed  in  equal  volumes,  and  worked  up  into  a  doughy  consistence  with 
water.  This  composition  is  beat  firmly  into  the  furnace  bottom.  But  a  quartzose 
hearth,  such  as  a  bed  of  fire-sandstone,  is  found  to  answer  better,  and  to  be  far  more 
durable. 

Before  kindling  the  furnace,  its  inner  surface  is  smeared  with  a  mixture  of  fire- 
clay and  water. 

The  cast  pigs,  or  blocks  of  crude  copper,  are  piled  upon  the  hearth,  each  successive 
layer  crossing  at  right  angles  that  which  is  beneath  it,  in  order  that  the  flame  may 
have  access  to  play  upon  the  surface  of  the  hearth,  and  to  heat  it  to  a  proper  pitch  for 
making  the  metal  flow. 

The  weight  of  the  charge  should  be  proportional  to  the  capacity  of  the  furnace,  and 
such  that  the  level  of  the  metallic  bath  may  be  about  an  inch  above  the  nozzle  of  the 
bellows ;  for,  were  it  higher,  it  would  obstruct  its  operation,  and,  if  too  low,  the  stream 
of  air  would  strike  but  imperfectly  the  surface  of  the  metal,  and  fail  to  effect,  or 
would  at  least  retard,  the  refining  process,  by  leaving  the  oxidation  and  volatilisation 
of  the  foreign  metals  incomplete. 

As  the  scoria;  form  upon  the  surface,  they  are  drawn  off  with  an  iron  rabble  fixed 
to  the  end  of  a  wooden  rod. 

Soon  after  the  copper  is  melted,  charcoal  is  kindled  in  three  iron  basins  hned  with 
loam,  placed  alongside  the  furnace,  to  prepare  them  for  receiving  their  charge  of 
copper,  which  is  to  be  converted  in  them,  into  rosettes. 

The  bellows  are  not  long  in  action  before  the  bath  assumes  a  boiling  appearance ; 
some  drops  rise  up  to  the  roof,  others  escape  by  the  door,  and  fall  in  a  shower  of 
minute  spherical  globules.  This  phenomenon  proves  thf.t  the  process  is  going  on 
well ;  and,  when  it  ceases,  the  operation  is  nearly  completed.  A  small  proof  of 
copper  of  the  form  of  a  watch-case,  and  therefore  called  monti  e,  is  taken  out  from 
time  to  time  upon  the  round  end  of  a  polished  iron  rod,  previously  heated.  This 
rod  is  dipped  2  or  3  inches  into  the  bath,  then  withdrawn  and  immersed  in  cold  water. 
The  copper  cap  is  detached  from  the  iron  rod  by  a  few  blows  of  a  hammer,  and 
iudKment  is  formed  from  its  thickness,  colour,  and  polish,  as  to  the  degree  of  purity 
which  the  copper  has  acquired.  These  watches  need  not  be  drawn  till  the  smaU  rain, 
above  spoken  of,  has  ceased  to  fall.  At  the  end  of  about  11  hours  of  firing,  the 
numerous  small  holes  observable  in  the  first  watch  samples  begm  to  disappear;  the 
outer  surface  passes  from  a  bright  red  to  a  darker  hue,  the  inner  one  °f  ^ 

more  uniform  colour,  and  always  less  and  less  marked  with  yellowish  spots.  It  l  as 
Acquired  the  greatest  pitch  of  purity  that  the  process  can  bestow  when  the  watches 
hconme  of  a  dark  crimson  colour.  .        ^     ,       j  , 

cZe  must  be  taken  to  stop  this  refining  process  at  the  proper  time ;  for  by  unduly 
pro  onging  it,  a  small  quantity  of  cupreous  ox.de  would  be  formed,  which  finding 
Kng  ?o  reduce  it,  would  render  the  whole  body  of  the  copper  hard,  brittle,  and 

consumption  of  about  Jlhs  of  a  ton  of  dry  wood. 
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Care  should  be  taken  that  the  copper  cake,  or  rosette,  be  perfectly  solidified  before 
plunging  it  into  water,  otherwise  a  very  dangerous  explosion  might  ensue.  On  the 
other  hand,  the  cake  should  not  be  allowed  to  cool  too  long,  lest  it  get  oxidised  upon 
the  surface,  and  lose  those  fine  red,  purple,  and  yellow  shades,  due  to  a  film  of  the 
suboxide,  which  many  dealers  admire. 

When  antimony  or  oxide  of  copper  are  combined  with  copper,  they  occasion  the 
appearance  of  micaceous  scales  in  the  fractured  faces.  Such  metal  is  hard,  brittle, 
yellowish  within,  and  can  be  neither  laminated  nor  wire-drawn.  These  defects  are 
not  owing  to  arsenic,  as  was  formerly  imagined ;  but,  most  probably,  to  antimony  in 
the  lead,  which  is  sometimes  used  in  refining  copper.  They  are  more  easily  prevented 
than  remedied. 

According  to  M.  FrSrejean,  proprietor  of  the  great  copper  works  of  Vienne,  in 
Dauphiny,  too  low  a  temperature,  or  too  much  charcoal,  gives  to  the  metal  a  cubical 
structure,  or  that  of  divergent  rays ;  in  either  of  which  states  it  wants  tenacity.  Too 
high  a  temperature,  or  too  rapid  a  supply  of  oxygen,  gives  it  a  brick-red  colour,  a 
radiated  crystallisation  without  lustre,  or  a  very  fine  grain  of  indeterminate  form  •  the 
last  structure  being  unsuitable  for  copper  that  is  to  be  worked  under  the  hammer  or 
in  the  roUing-mill.  The  form  which  indicates  most  tenacity  is  radiated  with  minute 
fibres  glistening  in  mass.  Melted  copper  wiU  sometimes  pass  successively  through 
these  three  states  in  the  space  of  ten  minutes. 

Fiff.  578  represents  a  roasting  mound  of  copper  pyrites  in  the  Lower  Harz  near 
Ooslar,  where  a  portion  of  the  sulphur  is  coUected.  It  is  a  vertical  section  of  a  trun- 
cated quadrangular  pyramid.  A  layer  of  wooden  billets  is  arranged  at  the  base  of  the 
pyramid  in  the  line  a  a. 

c,  a  wooden  chimney,  which  stands  in  the  centre  of  the  mound  with  a  small  pile  of 
charcoal  at  its  bottom,  c  ;      are  large  lumps  of  ore  surrounded  by  smaller  pieces ;  ff, 
578  Jo  _W  are  rubbish  and  earth  to  form  a 

covering.  A  current  of  air  is  ad- 
mitted under  the  billets  by  an  open- 
ing in  the  middle  of  each  of  the 
four  sides,  of  the  base,  a  a,  so  that  , 
two  principal  currents  of  air  cross 
« under  the  vertical  axis,  c,  of  the 
the  figure  truncated  pyramid,  as  indicated  in 

The  fire  is  applied  through  the  chimney,  c ;  the  charcoal  at  its  bottom,  c;  the 
pile,  a  d,  is  kindled,  and  the  sulphurous  ores  are  raised  to  such  a  high  temperature  as 
to  expel  the  sulphur  in  the  state  of  vapour. 

In  the  Lower  Harz  a  roasting  mound  continues  burning  during  four  months  Some 
thJ'nnn  ^  '  f  '^'°dled  the  sulphur  begins  to  exhale,  and  is  condensed  by  th  dr  at 
the  upper  surface  of  the  pyramid.  When  this  seems  impregnated  wifh  it  smal 
basins  are  excavated,  in  which  some  liquid  sulphur  collects ;  it  is  removed  from 
rl^L^  n  ^'^l^/'-o'iJe'^  es,  and  thrown  into  water,  where  it  solidifies.  It  is  th^ 
refined  and  cast  into  roll  brimstone. 

oT^^i  iZ  o2to"'Lf^T^  T'T''-'?.  ^'■'"^        t°  110  tons  of 

of  s'ulnhur  fro^  °^         r  ^'  ™         "^""tl^^  ton  and  a  half 

woTks'of  ?hP  Z^li^lr"^  ^  'aV  ^^^P^      ^'^t'"'^  at  on-^e  for  each  smelting 

tTird  wLlh  i^'Zi  ^^^^l       ^''^  l^eaps  are  united  to  form! 

Ke  ti  ri  time  ZZir"''  ""f"'-'  then  stirred  up  and  roasted 

The  mosffZnrrw  procured  for  the  smelting-house. 

'X.^lTS/r"^"'".^'"'  f       Ii">^"^to  District, 

i-rov  nce  of  Huelva,  Spam,  by  what  ts  termed  "  Artificial  Cementation." 

Of       iSt  ^y  ::M4l  tV^'Y  Felipe  S  'a  mie  proprietor 

mines  of  ihat  district         '  """P^'^^^'^  '"^       P-^^sent  day  in  the  copper 

beds  of  stubble  fire! wood  of  about  a  vZ  th^-l^    »  ^  "'^  "^""^^  °" 

to  500  tons  of  mineral,  and  alLTed  to  burn  for  ^^  J1^"  "^f^  "P  ^''^  ^'^"^ 
all  vegetation  within  its  reach'  '"^  """"^^^S       smoke  destroying 

3  u  2 
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The  ores,  ufler  being  tlius  burnt  or  calcined,  .arc  thro-wn  into  ■wooden  troughs  let 
into  the  ground,  about  G  yards  long,  4  wide,  and  1 A  deep,  called  "  dissolvers."  In 
each  of  lliese  troughs,  or  cisterns,  arc  placed  abo^  twelve  tons  of  calcined  ore,  and 
the  trough  is  then  lilled  with  water;  wliich  water  is,  after  rcnuiiiiing  in  contact  with 
the  ores  for  forty-eight  hours,  drained  oft"  into  a  similar  trough  placed  at  a  lower  level, 
and  called  a  "depositor."  The  ores  remaining  in  the  dissolver  are  covered  by  a 
second  quantity  of  water,  left  on,  this  time,  for  three  days ;  and  the  process  repeated 
four  times  successively,  the  water  being  always  drained  off  into  the  same  dei)ositor. 

From  the  depositors  the  water  flows  on  to  another  set  of  troughs  called  '■  i)iloHcs," 
into  which  is  placed  a  quantity  of  pig  iron,  broken  into  pieces  of  about  the  size  of  bricks, 
and  piled  loosely  together  that  the  vitriol  in  the  water  may  better  act  on  its  whole  sur- 
face. Each  of  these  troughs  {pilunes)  will  hold  from  12  to  18  tons  of  pig  iron  (wrought 
iron  answers  the  purpose  as  well,  but  it  is  much  more  expensive) ;  and,  as  experience 
has  demonstrated  that  a  slow  continuous  movement  in  the  water  hastens  the  pro- 
cess, a  man  is  employed  for  the  purpose  of  agitating  it,  until  all  the  copper  suspended 
in  the  vitriol  water  is  deposited,  which,  in  summer,  is  effected  in  about  2  days,  and 
in  from  3  to  5  days  in  winter.  After  the  water  has  been  renewed  four  or  five 
times,  and  the  agitation  process  repeated,  the  scales  of  copper  deposited  on  the  iron, 
as  well  as  that  in  the  form  of  coarse  grains  of  sand  found  in  the  bottom  of  the  trough, 
ure  collected  together,  washed,  and  melted,  when  it  is  found  to  produce  from  C5  to  70 
per  cent,  of  pure  copper. 

From  the  remains  of  the  first  washings  of  the  above  copper  scales,  &c.,  another 
quality  is  obtained,  worth  about  50  per  .cent,  for  copper,  which  is  mixed  with  the 
after  washings,  yielding  about  10  per  cent,  of  copper,  and  passed  on  to  the  smelting 
furnace. 

The  method  is  very  defective.  Minerals  containing  5  per  cent,  of  copper,  treated 
by  this  system  of  reduction,  will  scarcely  give  a  produce  of  2  per  cent,  of  that  metal. 
It  is,  however,  the  only  known  method  that  can  be  profitably  employed  in  the 
Biotinto  district.  .  . 

INote  by  the  Translator.  —  The  average  produce  of  the  copper  ores  of  the  Riotinto 
district  hy  this  process,  is  under  U  per  cent.  The  following  quantities,  put  mto 
English  measure,  are  taken  from  the  returns  of  the  Government  mines  at  Riotinto, 
published  in  the  "  Revista  Minera  : "  — 


Year. 

Quantity  of  Ores 
r.iised. 

Quantity  of  Copper 
produced. 

Produce  per  Cent. 

1854 
1855 
1856 

Tons. 
38,915 
37,123 
37,866 

Tons. 
720-9 
834-5 
740-5 

1-  85 

2-  24 
1-98 

Average  - 

37,908 

7653 

*2  0  of  4  years. 

The  produce  of  some  of  the  mines  ot  tne  aistrici  is  imuer  i  pci  ^cu..  ^^.^^..^ 
of  the  richest  of  the  copper  ores  produced  by  the  mines  in  ^^e  Riotinto  district 
in  the  year  1857  have  been  shipped  from  Huelva,  a  port  near  Sevdle  foi  New- 
castle in  England;  audit  has  been  reported  here  that  the  value  of  the  sulphur 
saved  in  the  process  of  reduction  has  contributed  largely  towards  payiug  the  smelting 
expenses.  —  S.  H.  ] 

The  Process  of  extracting  Copper  from  the  Water  lh,a  drains  orU  of  the  Mine,  at 
liiolZo,  caUed  the  "  Syitcm  of  Natural  Cancntat^on"  (Prec^pUat.on). 

(Translated  from  the  "  Minero  Espafiol "  for  January  2.S,  ISM.) 

.  nut  :hU  avera...  of  2  per  cent.  .,r  t...  4  yo-,o— s  and  h.c,.uU=j^  'l^rE.ffi'r I^X-^ 

:;::^^j;!;}tX:::.>T^rl  ti;:; r \^::r.^ua\..o  produc.  wou.d  .0  on.y 

cent,  lor  tlic  oru«.  • 
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and  it  is  from  this  level  tliat  tlio  mine  is  (naturally)  drained  by  an  adit.  From  the 
roof,  at  the  extreme  end  of  a  gallery  at  this  level,  flows,  from  au  unknown  source,  a 
stream  of  water  rich  in  copper,  which,  ton-ether  with  the  drainage  from  other  points 
of  the  mine,  is  directed  tlirongli  a  channel  to  the  adit  "  San  lloque,"  that  empties  its 
waters  at  the  foot  of  the  hill,  where  the  copper  is  extracted. 

An  able  engineer  has  thus  explained  the  phenomena  of  "  natural  cementation  :  "  — 
"The  natural  ventilation  through  the  open  excavations  of  this  mine,  combined  with 
the  humidity  of  the  ground,  produces  a  natural  decomposition  of  the  materials  com- 
posing the  lode  or  vein,  and  thereby  forming  sulphates  of  iron  and  copper,  which  the 
water  is  continually  dissolving  and  carrying  oft',  thus  forming  the  substance  of  this 
'  natural  cementation.' " 

This  said  adit  "  San  Roque,"  which  empties  its  waters  on  the  south  side  of  the 
hill,  has  placed  in  it  two  wooden  launders,  or  chaunels,  about  12  inches  wide  and 
15  inches  deep,  and  (in  the  year  1853)  400  yards  long;  in  the  bottom  of  these 
launders  is  placed  pieces  of  pig  iron,  and  to  this  iron  adhere  the  particles  of  copper 
which  the  slowly  flowing  water  contained  in  solution.  In  ten  days  the  iron  becomes 
coated  with  copper,  so  pure  as  to  be  worth  80  per  cent,  for  fine  copper,  and  so 
strongly  formed  in  scales  as  to  resist  to  a  certain  extent  the  action  of  a  file,  and  give 
a  strong  metallic  sound  on  being  struck  with  a  hammer.  At  the  expiration  of  ten 
days,  or  earlier,  the  scales  of  copper  so  formed  on  the  iron  are  removed,  tliat  the  surface 
of  the  iron  may  be  again  exposed  to  the  action  of  the  mineral  water  ;  and  the  process 
repeated  to  the  entire  extinction  of  the  iron.  The  copper  thus  obtained  passes  at  once 
to  the  refining  furnace. 

Since  1853  it  has  been  discovered  that  the  water  ese:>piug  from  the  launders  in  the 
adit,  400  yards  long,  still  contained  copper,  and  they  have  been  lengthened  to  nearly 
1000  yards  with  good  effect. 

[AWe  by  the  Translator.  — The  "  Revista  Minera"  (a  mining  review),  published  by 
the  engmeers  of  the  Government  School  of  Mines,  in  Madrid,  gives  returns  of  the 
government  mmes  at  Riotinto  for  the  year  1856  ;  wherein  it  is  stated  that  the  quantity 
ot  copper  taken  out  of  this  mineral  water,  by  "natural  cementation,"  amounted 
for  the  year,  to  206^  tons.  —  S.  H.] 

The  following  processes  for  the  humid  treatment  of  copper  ores  are  described  by 
Messrs.  Philhps  and  Darlington*  : — 
Linz  Copper  Process.—^'  At  Linz  on  the  Rhine,  and  some  other  localities  in  Ger- 

ZTl'  ^7K°?>f  ^ff"^^'  °^  ^"PP'^'-'  containing  from  2  to  5  per  cent,  of  tliat  metal, 
are  treated  by  the  following  process: — 

"The  ores  coming  directly  from  the  mine,  and  without  any  preliminary  dressinr 
are  first  roasted  m  a  double-soled  furnace,  and  then  taken  to  a  series  of  tanks  sunk  hi' 
the  grotind,  and  lined  with  basalt.  These  tanks  are  also  provided  with  a  doub  e 
bottom,  likewise  formed  of  basalt,  so  arranged  as  to  make  a  sort  of  permeable  Z 
phragm,  and  on  this  is  placed  the  roasted  ore,  taking  care  that  the  coa?  e  fit^men^^ 
are  charged  first,  whilst  the  finer  particles  are  laid  upon  them  "agmcnts 
fnil'.  tT!.'"''"'"^  fo™ed  between  the  bottom  of  the  tank  and  the  diaphragm  or 
false  bottom  is  connected,  by  means  of  proper  flues,  with  a  series  of  oblbng  retort" 
hrough  each  of  ^yhlch  a  current  of  air  is  made  to  pass  from  a  ventilator  or  a  Pair  of 
large  bellows,  set  m  motion  by  steam  or  water  power  '-""utoi,  or  a  pan  ot 

f,n'l!l°''''''f  this  apparatus,  a  quantity  of  ore  is  roasted  in  the  reverberatorv 

fuinace,  and  subsequently  placed  in  the  tanks,  taking  care  that  the  first  lave  •  .1  nil  Z 
ma  coarser  state  of  division  than  those  which  succeed  it  t^'^tiayei  shall  be 

fnnf  •     '■?f°"«-^^l"ch  are  formed  of  fire  tiles,  and  about  6  inches  in  heieht  bv  l 

The  sulphuric  acid  thus  irenerated  att'irk^  fl.n  f  nottoms  ot  the  tanks, 

liminary  roasting,  giving^-ise'to  ;L'J;:dt'^  o^^^^^^^^  the  pre- 

through  the  basaltic  diaphragm  into  the  reservoir  beneath      '°PP^'' ^^'^'"h  percolates 

surfai^of^'r^rranltt^pSrrl^e^L^^^^^^^^  '^^^^^^^^  over  the 

has  been  extracted,  when,  by  Hini^The  dl  '  r^^t  °^  "^P^'^^ 

another  tank  similarly  arranged    The  liqtrstX ^U^SlrrbLr^^^^^^^liS 

*  Hcconls  of  MJiiins  .-iihI  Mutallurgy,  p.  182. 
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into  the  second,  and  the  operation  continued  until  the  ores  which  it  contTins  have 
ceased  to  be  acted  on  by  the  acid.  When  sufficiently  saturated,  the  liquors  are  drawn 
otf  into  convenient  troughs,  and  the  copper  precipitated  by  means  of  scrap  iron.  The 
sulphate  of  iron  thus  formed  is  subsequently  crystallised  out,  and  packed  into  casks 
for  sale. 

"  On  removing  the  attacked  ores  from  the  tank,  the  finer  or  upper  portions  are 
thrown  away  as  entirely  exhausted,  nearly  the  whole  of  the  copper  having  been 
removed  from  them,  whilst  the  coarser  fragments  are  crushed  and  re-roasted,  and 
finally  form  the  upper  stratum  in  a  subsequent  operation, 

"  It  has  been  found  that,  by  operating  in  this  way,  ores  yielding  only  I  per  cent,  of 
copper  may  be  treated  with  considerable  advantage  #ince  the  sulphate  of  iron  pro- 
duced, and  the  increased  value  of  the  roasted  blende,  are  alone  sufficient  to  cover  the 
expenses  of  the  operation. 

"  By  this  process,  3  cwts.  of  coal  are  said  to  be  required  to  roast  one  ton  of  ore, 
whilst  the  same  quantity  of  blende  is  roasted  by  an  expenditure  of  4  cwts.  of  fuel." 

Treatment  of  Copper  Ores  hy  Hydrochloric  Acid. — "  At  a  short  distance  from  the  vil- 
lage of  Twista,  in  the  Waldeck,  several  considerable  bands  of  sandstone,  more  or  less 
impregnated  with  green  carbonate  of  copper,  have  been  long  known  to  exist.  Although 
varying  considerably  in  its  produce,  this  ore,  on  the  average,  yields  2  per  cent,  of 
copper,  and  was  formerly  raised  and  smelted  in  large  quantities ;  but  this  method  of 
treatment  not  having  apparently  produced  satisfactory  results,  the  operations  were 
ultimately  abandoned. 

"  The  insoluble  nature  of  the  granular  quartzitic  gangue  with  which  the  copper  is 
associated,  suggested,  some  two  years  since,  to  Mr.  Rhodius,  of  the  Linz  Metallurgic 
Works,  the  possibility  of  treating  these  ores  by  means  of  hydrochloric  acid,  and  a 
large  establishment  for  this  purpose  has  ultimately  been  the  result. 

"  These  works  consist  of  a  crushing  mill,  for  the  reduction  of  the  cupreous  sand- 
stone to  a  small  size,  16  dissolving  tubs,  and  a  considerable  number  of  tanks  and 
reservoirs  for  the  reception  of  the  copper  liquors  and  the  precipitation  of  the  metal 
by  means  of  scrap  iron.  Each  of  the  16  dissolving  tubs  is  13  feet  in  diameter,  and 
4  feet  in  depth,  and  furnished  with  a  large  wooden  revolving  agitator,  set  in  motion 
by  a  run  of  overhead  shafting  in  connection  with  a  powerful  water  wheel.  This 
arrangement  admits  of  the  daily  treatment  of  20  tons  of  ore,  and  the  consequent  pro- 
duction of  from  7  to  8  cwts.  of  copper.  Each  operation  is  completed  in  24  hours,  the 
liquor  being  removed  from  the  tanks  to  the  precipitating  trough  by  the  aid  of  wooden 
pumps.    The  ore  is  sloped  and  brought  into  the  works  at  4s.  per  ton. 

"  The  acid  employed  at  Twista  is  obtained  from  the  alkali  works  in  the  neighbour- 
hood of  Frankfort,  contains  16  per  cent,  of  real  acid,  and  costs,  delivered  at  the 
-works  2s.  per  100  lbs.  Each  ton  of  sandstone  treated  requires  400  lbs.  of  acid, 
which  is  diluted  with  water  down  to  10  per  cent,  before  being  added  to  the  ore.  Every 
ton  of  copper  precipitated  requires  1^  ton  of  scrap  iron,  at  4/.  5s.  per  ton. 

"  These  works  yielded  during  the  last  year  120  tons  of  metallic  copper,  and  afforded 
a  net  profit  of  nearly  50  per  cent.  The  residues  from  the  washing  vats,  run  off  after 
the  operation,  contain  but  -^th  per  cent,  of  copper.      ^       .      ,  ,  , 

"  It  is  probable  that  this  extremely  simple  process  of  treating  the  poorer  carbonates 
and  oxides  of  copper  may  be  practicable  in  many  other  localities;  but  in  order  to  be 
enabled  to  do  so  with  advantage,  it  is  necessary  that  the  ore  should  be  obtainable  in 
laree  quantities  at  a  cheap  rate,  and  that  it  should  contain  but  little  lime  or  any  other 
substance  than  the  ores  of  copper  soluble  in  dilute  hydrochloric  acid  It  is  also 
essential  that  the  mine  should  be  in  the  vicmity  of  alkali  works,  m  order  that  a  supply 
of  acid  may  be  obtained  at  a  cheap  rate,  and  also  that  scrap  iron  be  procurable  m 
sufficient  quantities  and  at  a  moderate  price." 

Assay  of  Copper  Ores. 
The  ores  of  this  metal  are  exceeding  numerous,  but  may  be  comprehended  under 

^^ThtfiTsTciZs  includes  those  ores  which  contain,  with  the  exception  of  iron,  no 
mPtal  excent  copper,  and  are  free  from  arsenic  and  sulphur. 

tL  ZSd  cEs  comprehends  those  ores  which  contain  no  other  metal  than  copper 
and  iron  but  in  which  a  greater  or  less  proportion  of  sulphur  is  present. 

Vh^third  class  consists  of  such  ores  as  contain  other  metals  in  addition  to  iron  and 
ponner  toeether  with  sulphur  or  arsenic,  or  both. 

n  '"^fr  thefifsl  class  -When  these  are  moderately  rich,  their  assay  offers  no  diffi- 
cuS:  auJ  Sly  ids  satisfactory  results.    The  sample,  after  being  gromid  m  a 
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mortar  and  well  mixed  to  insure  uniformity  of  composition,  is  intimately  blended 
witli  three  times  its  weight  of  black  flux.  The  whole  is  now  introduced  into  a 
crucible,  of  which  it  should  not  occupy  above  one-third  the  capacity,  m  order  to  avoid 
loss  from  the  subsequent  swelling  of  the  pasty  mass  when  heated ;  and  on  the  top  is 
uniformly  spread  a  thin  layer  of  carbonate  of  soda.  •     i  i. 

The  crucible  and  its  contents  are  now  placed  in  the  furnace,  previously  heated  to 
redness,  and  the  pot  is  allowed  to  remain  uncovered  until  the  ore  and  flux  have 
become  reduced  to  a  state  of  tranquil  fusion.  This  will  take  place  in  the  course  of 
about  a  quarter  of  an  hour,  and  the  crucible  is  then  closed  by  a  cover,  and  the  damper 
opened  so  as  to  subject  the  assay,  during  another  quarter  of  an  hour,  to  the  highest 
temperature  of  the  furnace.  The  crucible  is  then  removed  from  the  fire,  and  the 
metallic  button  obtained,  either  by  rapid  pouring  into  a  mould  or  by  allowing  the  pot 
to  cool,  and  then  breaking  it. 

The  metallic  "prill  "  thus  obtained  may  subsequently,  if  necessary,  be  refined 
according  to  the  Cornish  process,  to  be  hereafter  described. 

Ores  of  the  second  class. — The  most  common  ores  of  this  class  are  copper  pyrites 
and  other  sulphides. 

Fusion  for  Regulus. — This  process  consists  in  fusing  the  ores  with  fluxes  capable  of 
removing  a  portion  of  its  sulphur,  and  eliminating  siliceous  and  earthy  impurities. 
These  conditions  are  well  fulfilled  by  a  mixture  of  nitre  and  borax,  since,  with  a 
proper  proportion  of  these  reagents,  all  the  ores  belonging  to  this  class  are  fused  with 
the  formation  of  a  vitreous  slag  and  a  well-formed  button  of  regulus.  When  the  con- 
tents of  the  crucible  have  been  completely  fused,  they  must  be  rapidly  poured  into  an 
iron  or  bell-  metal  mould  of  a  conical  form. 

The  separation  of  the  regulus  from  the  scorise  must  be  carefully  efi^ected  by  the  use 
of  a  small  chisel-edged  hammer,  a  sheet  of  paper  being  placed  under  the  button  to 
prevent  loss. 

Roasting. — To  obtain  the  pure  metal  from  the  sulphides  of  copper,  it  is  necessary 
that  the  sulphur,  &c.,  should  be  removed  by  roasting  before  reducing  the  copper 
present  to  the  metallic  state. 

When  rich  ores,  producing  from  20  to  35  per  cent,  of  metallic  copper,  are  operated 
on,  the  roasting  and  subsequent  reduction  may  be  made  directly  on  the  mineral. 
When,  however,  poor  ores,  such  as  those  of  Cornwall,  containing  from  6  to  10  per 
cent.,  are  to  be  treated,  it  is  far  better  to  commence  by  obtaining  a  button  of  regulus 
as  above. 

The  calcination  of  the  rich  ore  or  regulus  is  conducted  in  the  same  crucible  in 
which  the  subsequent  fusion  with  reducing  agents  is  to  take  place;  and  at  the  com- 
mencement of  the  operation  care  must  be  taken  not  to  cause  the  agglutination  of  the 
ore,  or  pulverised  button,  by  the  application  of  too  high  a  temperature.  In  order  to 
succeed  in  effecting  this  object,  the  ore  or  regulus  must  be  first  finely  powdered  In  an 
iron  mortar,  and  then  put  into  an  earthen  crucible,  which  is  to  be  placed  in  a  sloping 
position  on  the  ignited  coke  with  which  the  furnace  is  filled,  the  draught  at  the  same 
time  being  partially  cut  off"  by  the  damper. 

A  moderate  heat  is  thus  obtained,  and  the  mixture  is  continually  stirred  by  means 
of  a  slight  iron  rod,  so  that  each  particle  may  in  its  turn  be  exposed  to  the  oxidising 
influences  of  the  atmosphere.  When  a  large  portion  of  the  sulphur,  &c.,  has  been 
driven  off,  the  contents  of  the  crucible  becomes  less  fusible,  and  may  without  inconve- 
nience be  heated  to  redness.  At  this  stage,  it  is  often  found  advantageous  to  heat  the 
partially  roasted  mass  to  full  redness,  since  by  this  means  the  sulphides  and  sulphates 
become  reduced  to  the  state  of  oxides  by  their  mutual  reaction  on  each  other. 
_  As  soon  as  the  smell  of  sulphur  can  no  longer  be  observed,  and  the  roasting  process 
js  consequently  in  an  advanced  state,  the  heat  should  for  some  minutes  be  increased  to 
whiteness,  in  order  to  decompose  the  sulphates,  after  which  the  crucible  maybe  with- 
drawn and  allowed  to  cool. 

Reduction.— To  obtain  the  copper  from  the  roasted  ore  or  matt,  it  may  be  mixed 
with  one-fourth  its  weight  of  lime,  from  10  to  20  per  cent,  (according  to  the  produce 
ot  the  ore)  of  finely  powdered  charcoal,  from  1  to  Ij  times  its  weight  of  soda  ash  or 
pearl  ash,  and  a  little  borax.  When  this  has  been  well  mixed,  it  is  placed  in  the 
crucible  m  which  the  roasting  of  the  ore,  or  regulus,  has  been  conducted,  and  covered 
with  a  thin  stratum  of  fused  borax, 

employed."^  Po^dered  charcoal,  from  15  to  20  per  cent,  of  crude  tartar  is  sometimes 

The  crucible  is  now  placed  In  the  fire  and  strongly  heated  for  about  a  quarter  of 
an  hour,  at  the  expiration  of  which  time,  the  bubbling  of  the  assay  wUl  have  ceased 

wliitenr     "      "'"''^      '^'^  ^  tim'^llernea'^jto 

The  priU  may  be  obtained  either  by  rapidly  pouring  into  a  suitable  mould  or  by 

3  H  4  ^ 
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allowing  the  pot  to  cool,  and  then  breaking  it.  If  required,  the  resulting  button  may 
be  refined  by  the  Cornish  method. 

Ores  of  the  third  class. — Minerals  belonging  to  this  class  must  be  treated  like  those 
of  the  second,  excepting  that  the  preliminary  roastin{J*shonld,  from  their  greater  fusi- 
bility, be  conducted  at  a  lower  temperature.  The  button  obtained  from  the  calcined 
ore,  or  regulus,  will  in  this  case  consist  of  an  alloy  of  copper  and  other  metals  insttad 
of,  as  in  the  former  instances,  being  nearly  pure  copper. 

If  an  ore  contains  load,  the  roasting  must  at  first  be  conducted  with  the  greatest 
precaution,  since  it  is  extremely  dillicult  so  to  modcriile  the  lu^at  as  to  cause  at  the 
same  time  the  elimination  of  the  arsenic  and  sulphur,  aud  avoid  the  agglutination 
of  the  mass. 

The  assay  of  ores  belonging  to  this  class  should  in  all  cases  be  commenced  by  a 
fusion  for  matt. 

The  refining  of  the  button  obtained  from  such  assays  may  be  effected  either  by  the 
Cornish  method,  or  by  the  humid  process,  to  be  hereafter  described. 

Cornish  Method  of  conducting  un  Assay. — A  portion  of  the  pounded  and  sifted  ore  is 
first  burnt  on  a  shovel,  and  examined  as  to  its  supposed  richness  and  the  amount  of 
sulphur,  arsenic,  and  other  impurities  it  may  contain.  A  little  practice  in  this  opera- 
tion will  enable  the  operator  to  judge  with  considerable  accuracy  of  the  quantity  of 
nitre  necessary  in  order  to  obtain  a  good  regulus. 

Two  hundred  grains  of  the  mixed  ore  are  now  weighed  out  and  carefully  mixi  d 
with  a  flux  consisting  of  nitre,  borax,  lime,  and  fluor-spar,  and  the  fusion  for  matt 
ov  regulus  is  begun.  The  quantity  of  nitre  used  will  of  course  vary  with  the  amount 
of  sulphur  and  arsenic  present ;  but  the  other  ingredients  are  commonly  employed  in 
the  following  proportions: — Borax,  5  dwts. ;  lime,  l|-ladleful;  fluorspar,  1  ladleful.* 
After  being  placed  in  the  crucible,  the  whole  is  generally  covered  by  a  thin  stratum 
of  common  salt.  After  remaining  in  the  fire  for  about  a  quai'ter  of  an  hour,  the 
fusion  will  be  found  complete,  and  the  contents  of  the  pot  may  be  poured  into  a  suit- 
able iron  mould.  The  button  of  regulus  is  now  examined,  in  order  to  determine 
whether  a  suitable  proportion  of  nitre  has  been  used.  If  the  right  quantity  has  been 
employed,  the  button,  when  broken,  should  present  a  granular  fracture,  and  yield  from 
"  8  to  10  for  20  "  for  copper,  i.e.  from  40  to  50  per  cent.  However  rank  a  sample  may 
be,  it  should  never  be  mixed  with  above  9  or  9 J  dwts.  of  nitre;  and  if  the  amount  of 
sulphur  be  small,  3  dwts.  are  often  sufficient.  The  grey  sulphides,  the  red  and  black 
oxides,  and  carbonates,  have  sulphur  added  to  them  for  the  purpose  of  obtaining  a 
regulus. 

Highly  sulphurised  samples,  requiring  above  9j  dwts,  of  nitre,  are  sometimes  treated 
in  a  diff'erent  way. 

In  this  case  the  ores  are  first  carefully  roasted,  and  afterwards  fused  with  about 
5  dwts.  of  nitre,  9  dwts.  of  tartar,  and  3  dwts.  of  borax. 

The  roasting  of  the  regulus  thus  obtained  is  performed  in  a  smaller  crucible  than 
that  used  in  the  fusion  for  matt.  During  the  first  quarter  of  an  hour,  a  very  low  tem- 
perature is  sufficient.  The  heat  is  then  increased  to  full  redness,  and  the  assay  allowed 
to  remain  on  the  fire  for  a  further  period  of  about  20  minutes.  During  the  first  15 
minutes  it  should  be  kept  constantly  stirred  with  a  slender  iron  rod;  but  afterwards, 
an  occasional  stirring  will  be  found  sufficient.  When  nearly  the  whole  of  the  sulphur 
and  arsenic  has  been  expelled,  the  temperature  must  be  raised  nearly  to  whiteness 
during  a  few  minutes,  aud  the  assay  then  withdrawn  and  allowed  to  cool.  The  fusion 
for  copper  is  eS'ected  in  the  same  crucible  in  which  the  roastmg  has  been  carried  on. 

The  quantity  of  flux  to  be  used  for  this  purpose  vanes  m  accordance  with  the 
weight  of  the  button  of  regulus  obtained.  A  mixture  of  2  dwts.  of  nitre,  Tjdwts  ot 
tartJI'r,  and  Udwt.  of  borax,  is  sufficient  for  the  reduction  of  a  calcined  regu.us  that, 
previous  to  roasting,  weighed  from  45  to  50  grains.  In  the  case  of  a  button  ^e-gh-ng 
from  90  to  100  grains,  3^  d^'ts-  of  nitre,  9  dwts.  of  tartar,  and  2  dwts.  of  borax, 
should  be  employed.  These  quantities  are,  however,  seldom  weighed,  since  a  little 
practice  renders  H  easy  to  guess,  with  a  sufficient  degree  of  accuracy,  the  necessary 

^"The'p'rill  of  copper  thus  obtained  is  seldom  fine,  and  consequently  requires  purifi- 

A  crucible  is  heated  to  redness  in  the  furnace,  the  metallic  button  is  taken  from  tjie 
motld  and  thrown  into  it,  and  some  refining  flux  and  salt  are  placed  '"  a  scoop  fo 
immediate  use  t    In  a  few  minutes,  the  fusion  of  the  prill  is  effected.     1  he  cruciDie 
Is  now^t  ken  fim  the  fire  by  a  pair  of  tongs,  ™l%ttiSin"^  oU  We'; 

and  a  gentle  agitation  given  to  it ;  an  appearance  similar  to  the  biightenm„  ot  s.ucr 

tiuently  pouiiiiuil. 


COPPER. 


841 


on  the  cupel  now  takes  place,  and  the  crucible  is  returned  to  tlie  fire  for  about  four 
minutes. 

The  crucible  is  now  removed,  and  its  contents  rapidly  poured  into  a  mould.  The 
button  thus  obtained  will  consist  of  pure  copper,  and  present  a  slight  depression  on  its 
upper  surface. 

The  slags  from  the  reducing  and  refining  operations  are  subsequently  fused  with  a 
couple  of  spoonfuls  of  crude  tartar,  and  the  prill  thus  obtained  weighed  with  the 
larcer  button. 

Ilnmid  Method  of  assaying  Copper  Ores. — Tn  some  localities,  and  particularly  in  the 
United  States  of  America,  the  assay  of  copper  ores  is  performed  by  the  humid  pro- 
cess. The  whole  of  the  ores  belonging  to  the  three  diiferent  classes  may  be  estimated 
in  this  way. 

A  weighed  quantity,  of  the  pulverised  ore  is  introduced  into  a  long-necked  flask  of 
hard  German  glass,  and  slightly  moistened  with  water.  Nitric  acid  is  now  added, 
and  the  flask  exposed  to  the  heat  of  a  sand  bath.  A  little  hydrochloric  acid  is  subse- 
quently introduced,  and  the  attack  continued  until  the  residue,  if  any  remains,  appears 
to  be  free  from  all  metallic  stains. 

The  contents  of  the  flask  must  be  transferred  to  a  porcelain  evaporating  dish, 
and  evaporated  to  dryness,  taking  care,  by  means  of  frequent  stirring,  to  prevent  the 
mass  from  spirting.  The  whole  must  now  be  removed  from  the  sand  bath  and  allowed 
to  cool,  a  little  hydrochloric  acid  subsequently  added,  and,  afterwards,  some  distilled 
water.  The  contents  of  the  basin  must  then  be  made  to  boil,  and,  -whilst  still  hot 
filtered  into  a  beaker.  A  piece  of  bright  wrought  iron,  about  two  inches  in  leno-th^ 
three-quarters  of  an  inch  in  width,  and  a  quarter  of  an  inch  in  thickness,  is  now 
introduced,  and  the  liquor  gently  heated  on  the  sand  bath  until  the  whole  of  the  copper 
has  been  thrown  down.  The  liquor  is  now  removed  by  means  of  a  glass  siphon,  and 
the  metallic  copper  freed  from  all  adhering  chlorides,  by  means  of  repeated  washings 
with  hot  water,  and  then  dried  in  a  water  bath,  and  weighed. 

In  case  the  mineral  operated  on  should  contain  tin  or  antimony,  very  minute  traces 
only  of  these  metals  will  be  found  with  the  precipitated  copper.  When  lead  is  pre- 
sent, It  is  best  to  add  a  few  drops  of  sulphuric  acid  during  the  process  of  the  attack  • 
by  this  means  the  lead  will  be  precipitated  as  sulphate  of  lead,  and  be  removed  by 
tiltration.  The  results  obtamed  by  this  process  are  somewhat  higher  than  afforded  bv 
the  fire  assay. — J.  A.  P.  °  J 

Copper  forms  the  basis  of  a  greater  number  of  important  allots  than  any  other 
metal.    With  zmc  it  forms  brass  in  all  its  varieties.    See  Brass 

Bronze  and  bell-metal  are  alloys  of  copper  and  tin.  This  compound  is  pre- 
pared m  crucibles  when  only  small  quantities  are  required;  but  in  reverberatory 
hearths  when  statues,  bells,  or  cannons  are  to  be  cast.  The  metals  must  be  protected 
as  much  as  possible  durmg  their  combination  from  contact  of  air  by  a  layer  of 
l>ounded  charcoal,  otherwise  two  evils  would  result,  waste  of  the  copper  by  combus- 
tion, and  a  rapid  oxidation  of  the  tin,  so  as  to  change  the  proportions  and  alter  the 
properties  of  the  al  oy.  The  fused  materials  ought  to  be  well  mixed  by  stirring  to 
give  uniformity  to  the  compound.    See  Bronze  ^  stirring,  to 

By  an  analysis  of  M  Berthier,  the  bells  of  the  pendules,  or  oi-namenfal  clocks 
made  m  Pans,  are  found  to  be  composed  of  copper  72^^00,  tin  26  56,  iron  1  Ti  in  1 00 

whtVl!°^,°^       °/  ^I"^      °^         ^a'*!  Dussaussy  to  furnish  tools 

Jqtt  ;o'StTf'st:eUPr^^°^' " °'  ^'^^^^y 

..^/'"^"•ll'  °f        Chinese  are  made  of  an  alloy  of  100  nf 

SZT    '^"f  .      S'^^  '^''^  compound  the  sonorous  property  in  the 

highest  degree,  it  must  be  subjected  to  sudden  refrigeration.    M.  D'Arcet  to  whom 

ItdTo'co  l^owW  rtbe'nJr"  "ThTnJ.  ,-*-ded  ^orm,  it  is  t'o  be  heatela^d 

they  possess  such  an  elasticity,  thaf,  on  being  displacerbv  a  sH^^  "^""i"'^ 
return  to  their  primary  position  after  a  s^ATl^e^L  rt^T^Zr'''^^^^^^ 
a  very  powerful  sound  is  emitted.    Bronze  ben-metarain  n?„l  I       1°°^'  '^^^'^^ 
of  tin  with  copper,  present  the  same  pecuHaiSs        '        ^  ^"^^^ 

caL^^iZ?;tdtL?£^  i-^er  to  ayoid  the 

th.  operation;  and  „g  these,  ^X^^^^^'^^^'^^^^^^ 
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spheroidal  domes  are  used  by  the  bell-foundors,  because,  their  alloy  being  more  fusible 
a  more  moderate  heat  is  required  ;  howevei-,  as  the  rapidity  of  the  process  is  aiways 
a  matter  of  consequence,  they  also  would  find  advantage  in  employing  the  elliptical 
hearths.    Coal  is  now  universally  preferred  for  fuel.^ 

The  process  of  coating  copper  with  tin  exemplifies  the  strong  affinity  between  the 
two  metals.  The  copper  surface  to  be  tinned  is  first  cleared  with  a  smooth  sand- 
stone ;  it  is  then  heated  and  rubbed  over  with  a  little  salammoniac,  till  it  be  perfectly 
clean  and  briglit ;  the  tin,  along  with  some  pounded  resin,  is  now  placed  on  the  copper 
which  is  made  so  hot  as  to  melt  the  tin,  and  aUow  of  its  being  spread  over  the  surface 
with  a  dossil  or  pad  of  tow.  The  layer  thus  fixed  on  the  copper  is  exceedingly  thin  • 
Bayen  found  that  a  copper  pan,  9  inches  in  diameter  and  3\  inches  deep,  being 
weighed  immediately  before  and  after  tinning,  became  only  21  grains  heavier.'  Now 
as  the  area  tinned,  including  the  bottom,  amounted  to  155  square  inches,  1  grain  of 
tin  had  been  spread  over  nearly  7^  square  inches ;  or  only  20  grains  over  every  square 
foot.  ^ 

Copper  and  Arsenic  form  a  white-coloured  alloy,  sometimes  used  for  the  scales  of 
thermometers  and  barometers;  for  dials,  candlesticks,  &c.  To  form  this  compound, 
successive  layers  of  copper  clippings  and  white  arsenic  are  put  into  an  earthen  crucible; 
which  is  then  covered  with  sea  salt,  closed  with  a  lid,  and  gradually  heated  to  redness! 
If  2  parts  of  arsenic  have  been  used  with  5  of  copper,  the  resulting  compound  com- 
monly contains  one-tenth  of  its  weight  of  metallic  arsenic.  It  is  white,  slightly 
ductile,  denser,  and  more  fusible  than  copper,  and  without  action  on  oxygen  at  ordinary 
temperatures ;  but,  at  higher  heats,  it  is  decomposed  with  the  exhalation  of  arsenious 
acid.  The  white  copper  of  the  Chinese  consists  of  40-4  copper;  31-6  nickel;  25-4 
zinc ;  and  2-6  iron.  This  alloy  is  nearly  silver  white ;  it  is  very  sonorous,  well 
polished,  malleable  at  common  temperatures,  and  even  at  a  cherry  red,  but  very  brittle 
at  a  red-white  heat.  "When  heated  with  contact  of  air,  it  oxidises,  burning  with  a 
white  flame.  Its  specific  gravity  is  8-432.  When  worked  with  great  care,  it  may 
be  reduced  to  thin  leaves  and  wires  as  small  as  a  needle.  See  German  Silver, 
infra. 

Tutenag,  formerly  confounded  with  white  copper,  is  a  different  composition  from 
the  above.  Keir  says  it  is  composed  of  copper,  zinc,  and  iron  ;  and  Dick  describes  it 
as  a  short  metal,  of  a  greyish  colour,  and  scarcely  sonorous.  The  Chinese  export  it, 
in  large  quantities,  to  India. 

M.  Pelouze  states  that  an  alloy  of  equal  parts  of  copper  and  nickel  is  greatly 
preferable  to  an  alloy  which  contains  also  zinc.  Even  2  of  copper  and  1  of  nickel 
form  a  valuable  alloy. 

The  chemical  preparations  of  copper  which  constitute  distinct  manufactures  are 
Roman  vitriol;  for  which,  see  Copper,  Sulphate  of,  and  Pyrites.  —  Scheele's 

GREEN  and  SCHWEINURTH  GREEN,  VeRDITER,  VeRDIGRIS. 

During  a  term  of  about  30  years,  220  mines  have  sold  their  ores  at  the  public  sales. 
The  following  Table,  from  "  Records  of  Mining  and  Metallurgy,"  by  Messrs.  Phillips 
and  Darlington,  represents  the  progress  of  copper  mining  from  1726  to  1855;  — 

Copper  Ore  raised  and  sold  in  Cormvall  and  Devon  in  decennial  Periods  for  126 

Years— from  1725  to  1855. 


Date. 

Tonnage  of 
Ore. 

Tonnage 

of 
Copper. 

17-26  to  1735 
17:i6  to  1745 
1746  to  1755 
1756  to  1765 
1766  to  1775 
1776  to  1785 
1786  to  17!)5 
1796  to  1805 

Tons. 
64,800 
75,520 

98,7110 
169,699 
264,273 
304,133 
229,169 
564,037 

Tons. 

36,496 
53,588 

1806  to  1815 

7  26,308 

62,550 

1816  to  1825 
1826  to  1835 
18.36  to  1845 
1846  to  1855 

926,271 
1,352,313 
1,486,840 
1,622,152 

75,986 
108,801 
111,770 
123,259 

126  years 

7,884,305 

70  years 

572,450 

£ 

473,500 
560,106 
731,457 
1,243,045 
1 ,778,337 
l,8-27.006 
1,359,724 
5,003,191 

6,056,260 

6,044,6-27 
8,088,220 
8,547.0-59 
9,251,916 


50,964,388 


Average 
annual 
Amount. 

Average 
annual 
Tonnage  of 
Ore. 

A  verage 
Produce. 

Price 
per  Ton  of 
Copper  Ore. 

Inc.  of 
Copper 
Ore. 

£ 
47,350 
66,010 
73,145 
124,304 
177,833 
182,700 

Tons. 
6,480 
7,552 
9,879 
161,970 
26,427 
30,413 

12 

£   :  d. 
7   16  10 
7    8  6 
7    8  0 
7    6  6 
6  14  6 
6    0  2 

1-00 
1-16 

1-  52 

2-  61 
4-10 
4-69 

500,319 

56,403 

H 

8  17  4 

8-70 

605,626 

72.630 

8    6  9 

11-20 

604,462 
808,822 
854,705 
925,191 

92,627 
135,231 
148,840 
162,215 

8lS 
8 

7i 

74 

6  10  6 

5  19  0 
5   15  0 
5    14  0 

14-29 
20-86 
22-94 
2S-03 

6    9  3 

8% 
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The  Produce  of  Copper  in  the  United  Kingdom  for  Four  Years,  ending  IS.IT. 


England  anu  Wales. 
Cornwall    -      -      -  - 
Devon        -       -       -  - 
Cumberltind       -       ~  ~ 
Anglesey    -      -      -  - 
Ciifrnarvon       -      -  - 
Cardigan    -      -      -  - 
Hadiior              -      -  - 
Ifele  of  Man        -       -  _ 

Copper  Ore. 

Fine  Copper  obtained. 

I8-S4.  1  185.'). 

18.56. 

I8.57. 

1H.54. 

1865. 

1860. 

18.67. 

Tons. 
Io3,033 
31.82 
3,185 

201 
76 
9 
64 

Tons. 
161,169 
34,024 
3,604 
2,.562 
1,673 
104 
162 

Tons. 
164,lfic 
42.024 
3,917 
2,400 
1,.565 
102 
104 
31 

Tons. 
1-64.334 
37,809 
3.510 
9,470 
1,804 
135 

260 

Tons. 
9,85" 
2,121 
213 

46 

1 

2 
3 

Tons. 

10  317 
2^26 1 
234 
197 
112 
10 

11 

Tons. 

10,731 

201 

16C 
104 
11 
7 

2 

Tons. 
9.746 
2^311 
219 
4-^0 
44 
11 

17 

Total  for  Englaad  and 
Wales        -       -  - 

1 88.393'  203.188 

214,356 

207,3:14 

12.2.51 

13,142 

14,078 

12.798 

Estimated  value  - 

£     1  £ 
1 ,222,504  1 ,324  309 

£ 

1,293,827 

£ 

1,226,672 

£ 

l,-631.2-'^(i 

£ 

1,^80  620 

£    1  £ 

1,731, .694  1,384,953 

Ireland. 

TippcTciry  -      ~      ~  — 
Waterford  - 

Wicklow    -      -      -  - 
Giilway      »      -      —  — 

Tons. 
5,274 

714 
4,421 
l,3.i7 

Tons 
5,530 
476 
4.343 
2,033 

Tons. 
6,149 
443 
3,987 
979 
32 

Tons. 

^™50!' 
I ' 
435 
71 

Tons. 

546 
81 
449 

81. 

Tons. 
613 
80 
399 
61 
1 

Tons. 

Total  for  Ireland  - 

12,3S1.      11, -590 

1 1  ,.690 

r-',G90 

1,120 

1,1.66 

1,154 

1,428 

Estimated  value  - 

£     1  £ 
I2S,0.52  125,980 

£ 

115,393 

£ 

101,600 

£ 

140,7.60 

£ 

106,423 

£ 

141,942 

£ 

170,872 

Copper  ores  purch^fsed  by 
priviite    contract  from 
sundry  districts  not  in- 
cluded ill  the  above 

Tons. 
97.845 

Tons. 
104  94( 

Tons. 
135.37-1 

'Ions. 

no  062 

Tons. 
6,52.3 

Tons. 
6,996 

Tons. 
9,025 

Tons. 
4,012 

Estimated  value  - 

£      1  £ 
I3:i,250  190.100 

£ 

335,256 

£ 

232.749 

£ 

815,375 

£ 

990,83 1 

£      1  £ 
1,110,070!  497,498 

Tiital  foi  EngUmd,  Wales, 
and  Ireland  .      -  - 

Tons.  Tons. 
2'.'7,977  320,609 

Tons. 
301,321 

Toiu. 
218,089 

Tons. 

19,899 

Tons. 
21.294 

Tons. 
24,257 

Tons. 
18,238 

Estimated  value  - 

£      1  £ 
1,483,806  1,640,389 

£ 

1,744,516 

£ 

1,560,922 

£ 

2,437,375 

£ 

3,042,877 

£ 

2,983,611 

£ 

2,079,323 

Imports  and  Exports  of  Copper  Ore  and  Rcgidus,  wrought  and  unwrought  Copper 
unddtclared  Value  of  Brass  and  Copper  Manufactures,  for  15  Years,eiiding  1855: — 


Imports. 

Exports. 

Declared  Value  of 

Years. 

Copper  Ore  and 
Regulus. 

Copper,  unwrought 
and  wrought. 

Copper,  unwrought 
and  wrought. 

Brass  and  Copper 
Manufactures 
exported. 

1841- 
1842- 
1843- 
1844- 
1845- 

1846  - 

1847  - 

1848  - 

1849  - 
1850- 
1851  - 
1852- 
1853- 
1854- 
1855  - 

Tons. 
48,597 
49,856 
55,720 
58,406 
56,697 
51,624 
41,491 
50,053 
47,433 
45,862 
42,126 
43,044 
50,393 
57,292 
66,599 

Tons. 
559 
309 
213 
1459 
130 
609 
849 
1686 
2590 
4881 
5043 
5181 
5200 
3218 
8044 

Tons. 
570 
341 
176 
1296 
318 
490 
628 
311 
636 
834 
1285 
1046 
1639 
1753 
950 

£ 

1,52.3,744 
1,801,742 
1,644,248 
1,736,545 
1,694,441 
1,558,187 
1,541,868 
1,257,944 
1,875,865 
1,978,196 
1,639,156 
1,704,083 
1,854,331 
1,768,950 
2,113,177 

Total 

765,193 

39,871 

12,273 

£-25,692,477 

Imports. — 
Exports. — 

Copper,  unwrought  and  wrought      .       .  . 
Copper,  unwrought  and  wrought     -       .  . 

39,871 
12,273 

COrPER/VS.    See  ry.RiTKs. 


844 


COPROLITES. 


CoppKniNo  Iron  anp  Zinc— The  great  arlvantagos  wliich  would  arise  from  per- 
tocting  a  phin  by  which  the  easily  oxidisable  metals,  such  as  iron  and  zinc,  could  be 
coated  with  copper  at  a  cheap  rate,  induced  Messrs.  Pilsner  and  Philip,  of  JJerlin  to 
undertake  a  series  of  experiments,  to  ascertain  if  such  could  not  be  effected  more 
economically  than  by  employing  cyanide  of  potassium;  and  in  this  they  have  been 
siiccessrul.  For  coating  iron  the  article  must  bo  well  cleaned  in  rain  or  soft  water 
and  rubbed  before  immersing  it  in  the  solution,  which  may  be  either  chloride  of 
potassium,  chloride  of  sodium,  with  a  little  caustic  ammonia  added,  or  tartrate  of 
potash,  with  a  small  portion  of  carbonate  of  potash.  At  the  extremity  of  the  wire,  in 
connection  with  the  copper,  or  negative  pole  of  the  battery,  is  fixed  a  thin  flattened 
copi)er  plate,  and  the  article  to  be  coated  is  attached  to  the  wire  from  the  zinc  or 
positive  pole,  and  both  are  then  immersed  in  the  exciting  solution,  the  copper 
plate  only  partially.  The  liquid  should  be  kept  at  a  temperature  of  from  15°  to 
t>0°  C.,  and  the  success  of  the  operation  depends  greatly  on  the  strength  and  uni- 
formity of  the  galvanic  current.  When  the  chlorides  are  employed,  the  coating  is  of 
a  dark,  natural  copper  colour ;  and  with  tartrate  of  potash,  it  assumes  a  red  tinge, 
similar  to  the  red  oxide  of  copper.  When  sufficiently  covered,  the  article  is  rubbed 
in  sawdust,  and  exposed  to  a  current  of  warm  air  to  dry,  when  they  will  take  a  fine 
polish,  and  resist  all  atmospheric  influence.  In  coating  zinc  with  copper,  the  same 
general  principles  will  apply  as  for  iron,  only  observing  that,  in  proportion  to  the 
size  of  the  article,  the  galvanic  current  must  be  less  powerful  for  zinc.  The  surfaces 
must  be  perfectly  smooth,  and  for  this  reason  it  is  well  to  rub  them  thoroughly  with 
fine  sand,  and  polish  with  a  brush. 

Copper  Medals  and  Medallions  may  be  readily  made  in  the  following  way  :  — 
Let  black  oxide  of  copper,  in  fine  powder,  be  reduced  to  the  metallic  state,  by  expos- 
ing it  to  a  stream  of  hydrogen,  in  a  gun-barrel,  heated  barely  to  redness.  The 
metallic  powder  thus  obtained  is  to  be  sifted,  through  crape,  upon  the  surface  of  the 
mould,  to  the  thickness  of  ^th  or  Jrd  of  an  inch,  and  is  then  to  be  strongly  pressed  upon 
it,  first  by  the  hand,  and  lastly  by  percussion  with  a  hammer.  The  impression  thus 
formed  is  beautiful;  but  it  acquires  much  more  solidity  by  exposure  to  a  red  heat,  out 
of  contact  with  air.  Such  medals  are  said  to  have  more  tenacity  than  melted  copper, 
and  to  be  sharply  defined. 

Copper,  Purefytng.  —  Copper  may  be  purified  by  melting  100  parts  of  it  with  10 
parts  of  copper  scales  (black  oxide),  along  with  10  parts  of  ground  bottle  glass  or 
other  flux.  Mr.  Thompson,  who  received  a  gold  medal  from  the  Society  of  Arts  for 
this  invention,  says,  that  after  the  copper  has  been  kept  in  fusion  for  half  an  hour,  it 
will  be  found  at  the  bottom  of  the  crucible  perfectly  pure  ;  while  the  iron,  lead,  arsenic, 
&c.,  with  which  this  metal  is  usually  contaminated,  will  be  oxidised  by  the  scales, 
and  will  dissolve  in  the  flux,  or  be  volatilised.  Thus  he  has  obtained  perfectly  pure 
copper  fi-om  brass,  bell-metal,  gun-metal,  and  several  other  alloys,  containing  from  4 
up  to  50  per  cent,  of  iron,  lead,  antimony,  bismuth,  arsenic,  &c.  The  scales  of  copper 
are  cheap,  being  the  product  of  every  large  manufactory  where  that  metal  is  worked. 

Copper,  Acetate  of.    See  Verdigris. 

Copper  Nitrate  of,  prepared  by  dissolving  copper  in  moderately  strong  nitric 
acid,  and  evaporating  to  crystallisation.  Its  formula  is  CuO.NO^  TTiis  salt  is  used 
to  produce  a  fine  green  in  fireworks. 

Copper,  Sdlphate  of,  called  in  commerce  Blue  Vitriol.  Blue  Stone.  Blde 
Copperas.  —  This  salt  is  frequently  prepared  by  roasting  copper  pyrites  with  free 
access  of  air.  It  is  also  obtained  by  heating  old  copper  with  sulphur,  by  which  a 
subsulphide  of  copper  is  produced ;  this  is  converted  into  sulphate,  by  roasting  in 
contact  with  air.  Large  quantities  of  sulphate  of  copper  are  obtained  in  the  process 
of  silver  refining.    See  Pyrites  and  Silver. 

COPROLITES,  or  Fossil  Manure. — These  curious  organic  remains  are  found 
near  the  outcrops  of  the  Upper  Green  Sand.  Attention  was  first  directed  to  them  by 
Professor  Henslow,  and  subsequently  by  Dr.  Buckland.  Under  Manures,  artificial, 
will  be  found  some  further  description  of  these  organic  remains.  Dr.  Ure,  to  show 
the  comparative  value  of  the  difi'erent  substances  containing  the  phosphates  and  that  of 
guano,  has  givea  the  following  analysis: — 

Analysis  of  Guano  from  Peru. 

Urate  and  salts  of  ammonia   34-05 

Various  phosphates   2  '"°; 

Carbonate  of  lime   ^[Jj^ 

Soda  and  potash  

Silex         -       -       -   Xfr 

Water  and  indefinite  organic  matter     -      -      -    J14  uti 

1 00' 0(1 
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Comparative  Analysis  of  Bones. 


845 


Phosphates. 

Carbonate  of  Lime. 

Recent  human  bones       -       .  - 

81-09 

10-03 

Ancient  ditto  from  Roman  iumuhis  - 

76-38 

10-13 

Fossil  bone  from  tlie  crag 

60-02 

18-00 

XXCLeiiL  UX  UOUca  — 

o t  oo 

3-85 

Sh'eep  bones    -       -       -       -  - 

80-00 

19-03 

Bones  of  the  hen     .       -       -  - 

88-09 

10-04 

„       frog     ...  - 

95-02 

2-04 

„       fishes  -       -       .  - 

91-09 

5  03 

The  following  two  samples  from  the  coast  of  Suffolk  were  found  to  consist  of — 


"Water  with  a  little  organic  matter  - 
Salts  soluble  in  water  (chloride  of 

sodium  and  sulphate  of  soda) 
Carbonate  of  lime        -       -  - 

do.  magnesia  -  -  - 
Sulphate  of  lime  .       .  - 

Phosphate  of  lime  (3CaO,PO*) 

do.  magnesia  -  -  - 
Perphosphate  of  iron  (2  Fe-  0^3  PO') 
Phosphate  of  alumina  (2Al-O',3PO0 
Oxide  of  manganese  -  -  - 
Fluoride  of  calcium  ... 
Silicic  acid  coloured  red  by  a  little 
undecomposed  silicate  of  iron 


I. 

4-00 

3-560 

traces 

traces 

10-280 

8-959 

a  trace 

a  trace 

distinct  traces 

0  611 

70-920  = 

P0=  32-765 

69-099 

=  PO'  31-924 

traces  only 

traces 

G-850  = 

PO'  3-244 

8-616 

=  PO'  4-081 

1-550  = 

PO'  0-870 

2-026 

=  PO'  1-158 

traces 

traces 

0  608 

0-804 

5-792 

6-309 

100-000  =  PO'  36-889       100-000  =  PO'  37-16 

I.  Fifty  grains  of  the  first  specimen,  in  fine  powder,  when  burnt  with  potash  lime, 
furnished  0-20  gr.  of  plantino-chloride  of  ammonium,  which  is  equivalent  to  0-0254  per 
cent,  of  nitrogen. 

In  an  excellent  paper  "  On  the  Phosphoric  Strata  of  the  Chalk  Formations,"  pub- 
lished in  the  first  number  of  the  Journal  of  the  Royal  Agricultural  Society  of  England 
for  last  year,  Mr.  Way  observes,  that  he  has  found  the  coprolites  from  this  district 
to  contain  from  52  to  54  per  cent,  of  bone-earth  phosphate;  and  that  Dr.  Gilbert  had 
informed  him,  that  in  several  analyses  which  he  had  made  of  samples  taken  from 
several  tons  of  the  ground  coprolites,  he  had  found  the  proportion  of  phosphate  of  lime 
to  vary  between  55  and  57  per  cent.  Mr.  Nesbit  (Quart.  Journ.  of  Chera.  Soc.  Part 
III.  p.  235)  found  from  22-30  to  28-74  per  cent,  of  phosphoric  acid,  which  is  equiva- 
lent to  from  48-31  to  59-07  of  tribasic  phosphate,  in  those  from  the  tertiary  deposits 
of  this  county.  ■ 

II.  This  one  was  brought  from  the  same  part  of  the  coast  as  the  preceding;  but 
differed  from  them  in  its  irregularity  of  form,  and  in  exhibiting  imperfect  evidences 
of  a  bony  structure.  The  specific  gravity  it  was  found  impossible  to  determine  on 
account  of  the  numerous  air  cavities  it  contained.  ' 

Analysis  showed  it  to  possess  the  following  percentage  composition-.  

Water  driven  off  at  from  300°  to  350°  F. 

do.    and  organic  matters  expelled  at  a  red  heat 

Chloride  of  sodium,  &c.  -  _  . 

Carbonate  of  lime       -  _  -  . 

do.       magnesia     -  .  _  . 

Sulphate  of  lime 

Phosphate  of  lime  (tribasic)    -  -  . 

do.       magnesia      -  -  -  _ 

Perphosphate  of  iron  -  _  .  . 

Phosphate  of  alumina  -  -  .  . 

Peroxide  of  iron  .... 

Alumina         -  -  .  -  _ 

Fluoride  of  calciimi     -  .  -  .  . 

Silicic  acid     -  .  -  .  . 


2-GOO 

9  000 

evident  traces 

39-500 

0-520 

distinct  traces 

15-860  = 

PO'  5-287 

traces 

9-200  = 

PO' 4  -358 

4-708  = 

PO'  2-7G4 

none 

6-212 

1-G98 

10-601 

99-899- 

PO'  12-409 

The  proportion  of  nitrogen  in  this  specimen  was  not  estimated. 
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III.  This  coprolite  was  discovered  in  the  lias  strata  of  Lyme  Regis. 

It  Was  rather  large,  being  above  9  oz.  in  weight,  was  of  a  greyish  colour,  and  when 
brolten  exhibited  some  l-races  of  a  crystalline  structare.  It  was  considerably  softer 
than  either  of  the  preceding,  and  furnished  a  greyish-white  powder.  Many  scales  of 
different  extinct  fishes,  and  other  organic  remains,  were  to  be  perceived  on  the 
external  surface ;  tlie  greater  proportion  of  them  appeared  to  belong  to  a  species  of 
fish  which  is  known  to  ichthyologists  by  the  name  of  Pkolidophorus  limbalns.  Its 
specific  gravity  was  about  2'644  or  2700,  and  the  composition  per  cent,  was  as 
follows  : — 

Water  driven  off  at  from  300°  to 
350°  F.      -  - 

"Wafer  and  organic  matters  expelled 
at  a  red  heat  ... 

Chloride  of  sodium,  with  some  sul- 
phate of  soda     -  -  - 

Carbonate  of  lime  -  .  - 

do.  of  magnesia 

Sulphate  of  lime    .  -  - 

Phosphate  of  do.  (tribasic) 
do.  magnesia 

Perphospliate  of  iron 

Phosphate  of  alumina 

Peroxide  of  iron  ... 

Alumina    -  -  - 

Silicic  acid,  with  fluoride  of  calcium 
and  loss  -  -         -  - 


I. 

II. 

Mean. 

2-560 

3  680 

3-456 

3-5680 

traces 

traces 

traces 

23  640 

23-708 

23-6740 

none 

none 

none 

1-740 

1-801 

1-7705 

60-726 

60-813 

60-7695  =  P0*  28-047 

a  little 

a  little 

a  little 

3-980 

4-135 

4-0575  =  P0'  1-922 

a  little 

a  little 

a  little 

2-094 

1-894 

1-9940 

none 

none 

none 

1-580 

1-525 

1-5525 

100-000 

100-UOO 

100-0000  =  P0'^  29-969* 

The  proportion  of  nitrogen  in  this  specimen  was  rather  large,  being  0-0826  per  cent. 
— Thornton  J.  Herapath.  .  ■ 

M  de  Molon  writes  (^L' Instilut,  Feb.  1848),  that  m  the  course  of  the  year  1857,  m 
the  eighteen  departments  of  France,  they  employed  as  manure  2,250,000  kilogrammes 
(of  2-204  avoirdupoise  pounds)  of  fossil  phosphate  of  lime  ;  and  after  coUectmg  reports 
of  the  results  obtained,  its  employment  has  been  generally  considered  as  an  advantage. 
But  for  obtaining  all  the  good  effects  which  attend  the  use  of  this  substance,  it  appears 
to  him  that  it  ought  to  be  employed  in  the  foUowing  different  conditions  upon  different 

*°\'6t".Tn  argUlaceous,  schistose,  granitic,  and  siliceous  soils,  ricli  in  organic  detritus, 
in  the  natural  state  in  powder.  .  v        n  *v 

2nd  In  the  same  earths  when  they  are  poor  in  organic  matter ;  above  all,  if  they 
have  been  cultivated  for  a  long  time,  or  if  thc-y  have  been  treated  with  Imie  ;  in  the 
state  of  powder,  mixed  with  fermentible  animal  matter.         .     ,      ,  ,     -  , 

3rd  In  calcareous  soils,  and  particularly  cretaceous  ones  m  the  state  of  powder, 
treated  by  20  to  25  per  cent,  of  hydrochloric  acid,  and  the  addition  of  organic  matter. 

COPYING  A  new  and  important  quality  of  writing-inks  was  introduced  by  the 
indefadgable  James  Watt,  in  1780,  who  in  that  year  took  out  a  patent  for  copying 
etters  and  other  written  documents  by  pressure.  The  modus  operandi  being  to  have 
mixed  with  the  ink  some  saccharine  or  gummy  matter,  which  should  prevent  its 
Se  absorption  into  the  paper,  and  thus  render  the  writing  capable  of  having  a  copy 

difficulty,  it  was  not  - -^f  Jj,  ^JJ^.f  ^^^^^^^^^^  of  Unde-ood  and  Burt  patented 
rS^oftak  StpiSbT^^^^^^^  a  chemically  prepared  paper,  in  a  chemical 
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atcly,  or  dry  it  and  subsequently  damp  it  with  water  as  it  is  required  for  use.  I  then 
prepare  the  material  which  I  use  for  producing  the  characters  or  marks,  and  which 


to  take  twenty  copies  from  an  original,  I  use  about  six  pounds  of  the  pure  extract  of 
logwood  to  a  gallon  of  distilled  water;  but  a  larger  number  of  copies  may  be  taken  by 
dusting  or  throwing  over  the  original,  before  the  ink  has  thoroughly  dried,  a  powder 
composed  of  five  parts  of  powdered  extract  of  logwood,  one  part  ot  powdered  gum 
arabic,  and  one  part  of  powdered  tragacanth.  When  I  desire  to  print  from  an  original, 
in  producing  which  I  have  used  ink  prepared  as  before  described,  I  proceed  by 
damping  six  sheets  of  paper,  prepared  as  before  described,  and  having  taken  off 
all  superfluous  moisture  with  good  blotting  paper,  I  place  the  original  upon  the 
upper  sheet  and  press  the  whole  for  about  half  a  minute  in  a  copying  press;  I  then 
remove  the  original,  and  in  its  place  put  six  other  sheets  of  the  prepared  paper  in  a 
damp  state,  and  subject  the  whole  to  pressure  for  about  a  quarter  of  an  hour.  I  then 
take  five  other  prepared  sheets  in  a  damp  state,  and  having  laid  the  original  upon 
them,  press  them  together  for  about  two  minutes,  then  replace  the  original  by  three 
other  prepared  and  damped  sheets,  and  press  the  whole  together  for  about  a  quarter 
of  an  hour.  The  extract  of  logwood  so  acts  upon  the  neutral  chromate  of  potash  that 
I  thus  obtain  twenty  good  clear  fac-similes  of  the  original  matter  or  desio-n." 

They  have  also  produced  an  Indian  ink  on  the  same  principle,  which,  when  used 
m  the  preparation  of  architectural  plans,  maps,  &c.,  will  give  one  or  more  clear  copies 
of  even  the  finest  lines.  The  only  point  to  be  observed  in  the  taking  of  such  copies 
IS  that  as  they  are  done  to  a  scale,  they  must  be  kept  pressed  in  close  contact  with  the 
original,  till  they  are  perfectly  dry,  because  if  not  they  will  shrink  in  drying,  and  the 
scale  be  spoilt.  j    6>  "  ^  i-uc 

The  most  complete  information  on  this  subject,  and  that  of  inks  generally  is  to  be 

Mr°?ohn  UndeTwood.'"'  ''''  °°  '''"^ 

COQUILLA  NUTS.  These  nuts  are  produced  in  the  Brazils  by  the  Attalea 
rum/era  Thej  are  suitable  for  a  great  variety  of  small  ornamental  workT  and 
are  manufactured  into  the  knobs  of  umbrellas  and  parasols.  "^""^"'^^  ^""^ 
nf.?J^^^  '^"'■"5  l""-  '  -^"'"''e.  Germ.)  is  a  calcareous  substance,  formed  by  a  species 
of  sea  polypus,  wluch  construct  in  concert  immense  ramified  habitations  consisting 
of  an  assemblage  of  small  cells,  each  the  abode  of  an  animal.  The  coral  fs',  the  eforf 
a  real  polypary,  which  resembles  a  tree  stripped  of  its  leaves.  It  has  no  roots  but  a 
foot  not  unlike  a  hemispherical  skull-cap,  which  applies  closely  to  evei^poTnt  of  the 
surface  upon  which  it  stands,  and  is  therefore  difiicult  to  detach.  It  merely  serves  as 
a  basis  or  support  to  the  coral,  but  contributes  in  no  manner  to  its  growTh  Hke  the 
root  of  an  ordinary  tree,  for  detached  pieces  have  often  been  found  ft  the  bottom  of 

he  sea  m  a  state  of  ncrease  and  reproduction.    From  the  abov^base  a  stem  Sllv 

sippj,-:: — ^^^^^^^^^^ 

formation  favourable  to  breaking  them  off  and  brfng  ng  them  u^     Vot  thfA^  T', 

equal  and  long  arms,  each  belrin^l  Z^t  bat  net    tI'    attS  ."T' 
middle  of  the  cross,  and  let  it  down  horizontallv  fnio  th^l     t    ■  '■°P^ 
y^nh  a  weight  sufficient  to  sink  it.    Sdiver  Uo °s       n^^^^  ^'^^'''^ 
after  another  into  the  hollows  of  thrrocH  L  nl ,       f  cross,  pushes  one  arm  of  it 

then  his  comrades  in  the  boat  pu  1  nn  the  tross  and  it^'f""^"  '°  '^'^  ""^'^ ' 

Coral  fishinjr  is  nonrW  .Ta       ^  ^  accompaniments. 

sharks  whLtfre^t&TeatX^^^^^^    Sdt°^'  «  V""'  ^-^^ 

bell  in  its  now  very  practicable  state  mthf  la       i  •'V"'^'^  ^^'""^  ^''-'^S- 

both  purposes.       ^  ^  acticaoie  state  might  be  employed  with  great  advantage  for 

wl^tr'  ^hTr^^if  ^.e^md^rr  m"al'  ""^T,'""^"^  flesh-coloured,  yellow  or 
n^ents.    It  is  ^or^J:?Uu\^rc^^^^^^^^^  other  f  Jal^Tn^! 
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CORDAGE  ;  —  {Cordage,  Fr.  Tauwerh,  Germ.)  Cordage  may  be,  and  is,  made 
of  a  great  variety  of  materials.  In  Europe,  however,  it  is  mostly  formed  of  hemp, 
although  now,  much  cordage  is  made  of  Coir.    See  ^oru. 

Professor  Robinson  proposed  the  following  rule  for  determining  the  strength  of 
cordage.  Square  the  circumference  of  a  rojie  in  inches  ;  one-lifth  of  tlie  product  will 
be  the  number  of  tons'  weight  which  it  will  bear  :  this  is,  however,  uncertain. 

Our  imjioi  laliunn  of  cordage,  in  1857,  were  from 

£ 

Computed  real  value  -      -  7,242 
-       -  967 
)»  ))       ■       ■  5)328 

„       -       -  345 
„       -       -  1,347 
„  -       -  484 

.,  '  »       -       -  958 


Cwts. 

Russia       .       .  - 

3,738 

Holland  - 

499 

Spain  ... 

2,751) 

United  States 

178 

British  East  Indies 

695 

British  North  America 

250 

Other  parts 

495 

8,605 

16,672 


While  our  Exports  amounted  to 

Cwts. 

'  British  Manufacture    -       -       -    120,393 "1  ... 

Foreign  and  Colonial  Manufacture       5,263  J  ' 
the  declared  and  computed  values  being  £257,122. 

CORK  {Liege,  Fr. ;  Kork,  Germ.)  is  the  bark  of  the  Quercus  liber.  Linn.,  a  species 
of  oak-tree,  which  grows  abundantly  in  the  southern  provinces  of  France,  Italy,  and 
Spain.  The  bark  is  taken  off  by  making  coronal  incisions  above  and  below  the 
portions  to  be  removed  ;  vertical  incisions  are  then  made  from  one  of  these  circles  to 
another,  whereby  the  bark  may  be  easily  detached.  It  is  steeped  in  water  to  soften 
it,  in  order  to  be  flattened  by  pressure  under  heavy  stones,  and  next  dried  at  a  fire 
which  blackens  its  surface.  The  corks  are  bound  up  in  bales  and  sent  into  the 
market. 

There  are  two  sorts  of  cork,  the  white  and  the  black  ;  the  former  grows  in  France 
and  the  latter  in  Spain.  The  cakes  of  the  white  are  usually  more  beautiful,  more 
smooth,  lighter,  freer  from  knots  and  cracks,  of  a  finer  grain,  of  a  yellowish-grey 
colour  on  both  sides,  and  cut  more  smoothly  than  the  black.  When  this  cork  is  burnt 
in  close  vessels  it  forms  the  pigment  called  Spanish  blach. 

This  substance  is  employed  to  fabricate  not  only  bottle  corks  but  small  architec- 
tural and  geognostie  models,  which  are  very  convenient  from  their  lightness  and 
solidity. 

The  cork-cutters  divide  the  boards  of  cork  first  into  narrow  fillets,  which  they 
afterwards  subdivide  into  short  parallelopipeds,  and  then  round  these  into  the  proper 
conical  or  cylindrical  shape.  The  bench  before  which  they  work  is  a  square  table, 
where  four  workmen  are  seated,  one  at  every  side,  the  table  being  furnished  with  a 
ledge  to  prevent  the  corks  from  falling  over.  The  cork-cutter's  knife  is  a  broad 
blade,  very  thin,  and  fine  edged.  It  is  whetted  from  time  to  time  upon  a  fine-grained 
dry  whetstone.  The  workman  ought  not  to  draw  his  knife  edge  over  the  cork,  for 
he  would  thus  make  misses,  and  might  cut  himself,  but  rather  the  cork  oyer  the 
knife  edge.  He  should  seize  the  knife  with  his  left  baud,  rest  the  back  of  it  upon 
the  edge  of  the  table,  into  one  of  the  notches  made  to  prevent  it  from  slipping,  and 
merely  tiirn  its  edge  sometimes  upright  and  sometimes  to  one  side.  Then  holdmg  the 
squared  piece  of  cork  by  its  two  ends,  between  his  finger  and  his  thumb,  he  presents 
it  in  the  direction  of  its  length  to  the  edge  ;  the  cork  is  now  smoothly  cut  into  a 
rounded  form  by  being  dexterously  turned  in  the  hand.  He  next  cuts  off  tlie  two 
ends,  when  the  cork  is  finished  and  thrown  into  the  proper  basket  alongside,  to  be 
afterwards  sorted  by  women  or  boys.  ,   ,      ^    ,       v       •        ^  a  f.^rr. 

Of  late  years  a  much  thicker  kind  of  cork  boards  have  been  imported  fiom 
Catalonia,  from  which  longer  and  better  corks  may  be  made.  In  the  art  of  cork- 
cutting  the  French  surpass  the  English,  as  any  one  may  convince  himself  by 
comparing  the  corks  of  their  champagne  bottles  with  those  made  in  this  country. 

Cork,  on  account  of  its  buoyancy  in  water,  is  extensively  employed  lor  making 
floats  to  fishermen's  nets,  and  in  the  construction  of  life-boats.  Its  impermeability  to 
water  has  led  to  its  employment  for  inner  soles  to  shoes.      ,      .    ,     ,     ,  , 

men  cork  is  rasped  into  powder,  and  subjected  to  ehemical  solvents,  such  a. 
alcohol  &c  it  leaves  70  per  cent,  of  an  insoluble  substance,  called  suhenne.  A\  hen 
U  h  treated  with  nitric  acid,  it  yields  the  foUoWtng  remarkable  products  :- White 
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fibrous  matter  0-18,  resin  14-72,  oxalic  acid  16-00,  suberic  acid  (peculiar  acid  of  cork) 
14-5,  in  100  parts. 

A  patent  was  obtained  some  years  ago  for  maeliine  cork-cutting.  The  cutting  of 
the  cork  into  slips  is  effected  by  fixing  it  upon  the  sliding  bed  of  an  engine,  and 
bringing  it,  by  a  progressive  motion,  under  the  action  of  a  circular  knife,  hy  -which 
it  is  cut  into  slips  of  equal  -widths.  The  nature  or  construction  of  a  machine  to  be 
used  for  this  purpose  may  be  easily  conceived,  as  it  possesses  no  new  mechanical 
feature,  except  in  its  application  to  cutting  cork.  The  motion  communicated  to  the 
knife  by  hand,  steam,  horse,  or  other  power,  moves  at  the  same  time  the  bed  also 
which  carries  the  cork  to  be  cut. 

The  second  part  of  the  invention,  viz.,  that  for  separating  the  cork  Into  squai-e 
pieces,  after  it  has  been  cut  into  slips  as  above,  is  effected  by  a  moving  bed  as  before, 
upon  which  the  slips  are  to  be  placed  and  submitted  to  the  action  of  a  cutting  lever, 
which  may  be  regulated  to  cliop  the  cork  into  pieces  of  any  given  length. 

The  third  part  of  the  invention,  viz.,  that  for  rounding  or  finishing  the'  corks,  con- 
sists of  an  engine  to  which  is  attached  a  circular  knife  that  turns  vertically,  and  a 
carriage  or  frame  upon  its  side  that  revolves  on  its  axle  horizontally. 

The  carriage  or  frame  contains  several  pairs  of  clamps  intended  respectively  to 
hold  a  piece  of  the  square  cut  cork  by  pressing  it  at  the  ends,  and  carrying  it  length- 
ways perpendicularly  ;  which  clnmps  are  contrived  to  have  a  spindle  motion,  by 
means  of  a  pmion  at  the  lower  end  of  their  axles,  working  into  a  spur-wheel. 

The  machmery,  thus  arranged,  is  put  in  motion  by  means  of  bands  and  drum- 
-wheels,  or  any  other  contrivance  which  may  be  found  most  eligible  ;  and  at  the  same 
time  that  the  circular  knife  revolves  vertically,  the  frame  containing  the  clamps  with 
the  pieces  of  cork,  turns  horizontally,  bringing  the  corks,  one  by  one,  up  to  the  edge 
of  the  knife,  when,  to  render  each  piece  of  cork  cylindrical,  the  clamps,  as  above 
fZZll^'  '■^^°'^VP°°  tlieir  axes,  independently  of  their  carriage,  by  which  means 
«^Lrfl  «"-'="'"f"eDce  of  the  cork  is  brought  under  the  action  of  the  knife,  the 
oF  CoTL"?/^^^^^^^^  ^""^      ''"'•'^  fi"^^^^-^  --'^  •^^"'^•i'-ical. 


1856. 

1857. 

1856. 

1857. 

Portugal    -       .  Tons. 
Spain  - 
Tuscany    -       -  - 
Morocco     -       -  . 
Other  parts 

3,582 
334 

93 
24 

4,242 
272 
96 
106 
13 

£114,624 
11,690 

2,976 
768 

£13.5,744 
9.520 
3,072 
0,392 
416 

4,033  1 

4,729 

130,058 

152,144 

1856  Corks  ready  made  390,192 

1857  „          '     „  472,237 

.Computed  real  value  £34, 1 4 1 
"              „         41, .321 

imes  Its  weight  of  cold  alcohol.    It  is  a  very  deadlv  do  son     rL  ^' ^I'^^^i^^^  H 
owed  in  profusion  is  the  best  antidote    Tlolutlon  of  ™-       "^r*"  "^ISgswnU 
long  employed  for  preserving  soft  ana  omteal  premradons  X^^^ 

^S?°°2iS-i=S'-St:re7S^ 


In  the  work  upon  the  drV^t,  pub  sLrbv  M  " 
of  inspectors  of  the  navy,^in    82rcorrosiv;  uWh^^^^^ 
chemical  substances  which'had  beei^Tescr  Led  or  ^  Tv^ntlL'^lT d"''^' 
and  It  IS  well  known  that  Sir  H.  Davy  had  several  -^pnr«  w  ^''^^'^'T  jot  in  timber ; 
recommended  to  the  Admiralty  and  4vy  Board  co"-"^ive  ^^br  '  T  ^^''^  '"'^ 
rot  application.    It  has  been  since  extensively  emnlotpd  It  a"  anti-drv- 

the  same  purpose,  under  the  title  of  Kyau'I  pIteS.^        by  a  jomt-stock  company  for 

Vol*.    L*  ,j  -r 
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The  preservative  liquid  known  as  Goadhij's  solution, -which  is  employed  for  preserv- 
ing wood  and  anatomical  preparations,  is  composed  as  follows:— Bay  salt,  4  oss.  ; 
alum,  2  oz. ;  corrosive  sublimate,  2  grains ;  water,  2  pints. 

The  composition  of  corrosive  sublimate  is— 

Mercury  -  -  100'  73-86 
Chlorine       -       -         35-5  26-14 


135-5  100-00       H.  M.  N. 

See  Mercury. 

CORRUGATED  IRON.  A  process  has  been  introduced  for  giving  strength  to 
sheet  iron,  by  bending  it  into  folds  or  wrinkles  ;  the  iron  so  treated  is  thus  named. 

The  iron  shed  at  the  London  Terminus  of  the  Eastern  Counties  Railway,  con- 
structed of  corrugated  iron,  has  been  described  by  Mr.  W.  Evill,  jun.  The  entire 
length  is  216  feet,  and  consists  of  three  roofs,  the  centre  of  36  feet  span,  rising  9  feet, 
and  the  side-roofs  20  feet  6  inches,  with  a  rise  of  4  feet. 

The  corrugated  wrought  iron  is  composed  of  sheets  No.  1 6  wire  gauge,  or  -/^th  of 
an  inch  in  thickness  ;  the  weight  per  foot  is  3  lbs.  ;  the  whole  weight  of  the  centre  roof 
of  10,235  superficial  feet  being  scarcely  13j  tons,  and  the  side-roofs,  of  5,405  square 
feet,  weigh  1\  tons.  ,    ,  , , 

The  whole  roof  was  erected  by  Messrs.  Walker  and  Sons,  Bermondsey,  the  holders 
of  Palmer's  patent,  at  a  charge  of  6/.  10s.  per  100  superficial  feet,  including  fixing, 
and  the  whole  roofs  cost  1365/  ,  and  might  now  be  erected  for  half  the  cost,  the  patent 
having  expired,  and  increased  facilities  existing.  .    ,  T^   i      a  v. 

Many  corrugated  roofs  have  been  erected  :  one  at  St.  Katherme  s  Dock.  At  the 
entrance  of  the  London  Docks  there  is  one  40  feet  span  and  225  feet  long.  On  the 
London,  Birmingham,  Great  Western,  and  other  railways  they  have  been  employed. 

Iron  appears  to  have  great  strength  given  to  it  by  this  change  of  form ;  a  smgle 
sheet,  so  thin  as  to  be  unable  to  bear  its  own  vertical  position,  will  bear  700  lbs.  alter 
corrugation,  without  bending.  ,  ,  .   .  i  ^  o 

Cast-iron  has  been  corrugated.  Mr.  Palmer  has  patented  this  form,  and  at  Swansea 
a  brid"-e  of  three  arches,  one  of  50  and  two  of  48  feet  span,  has  been  erected. 

CORUNDUM  This  mineral  species  includes  sapphire,  corundum  stone,  ana 
emery.    It  consists  of  pure  alumina  coloured  by  admixture  with  oxide  of  iron. 


Blue  Sapphire, 
Cliiiia. 

Corundmn, 
Beiigiil. 

I''.m<'ry, 
Naxos. 

Alumina 
Lime  - 
Silica  - 
Oxide  of  iron 

98-5 
0-5 
00 
10 

84  0 
•0 
-5 
7-5 

89-5 

0-  0 
5  5 

1-  25 

86-0 
?,  0 
30 
4-0 

100.0  Klapr. 

98  0  Chen. 

98-2  Tcnuant. 

96-0  Ti-'nuant. 

The  nerfectlv  white  crystals  ot  sappmre  are  pure  aiuiuiua. 

Tl  LrarTtwo  varieties  of  the  perfect  corundum;  the  sapphire  so  called  and  the 
•    f?rw   of  which  the  latter  has  a  rather  less  specific  gravity,  being  3-9  against 
3^7     The-^form  i^a  s  i^^^      acute  rhomboid,  which  possesses  double  refi-acuon 
and  is  ilferk.r  in  hardness  onl/  to  the  diamond.    The  sapphire  occurs  also  in  6-s.ded 
prisms.  •  .  f  mineral  called  also  Adamantine 

i,  ,en,.rk.bly  'X'^''"'',"u  fa  s««rior  to  e„  er,°  e .peeially  for  grinding, 

tLTS^'^U^^^  dr  ■  luVuS  ZngUo..  Indi.'  ..d  Chin,  fo,  polishing 

Stones,  &c.  .  .    „        ,  Cornish  Colhas  stcaii,  fiillen  or 

^l^'^uSi^^:^^  of-^ktg  sear.1  of  lodes  across  the  line 

o  d'i?ection  which^the  tin  lodes  usually  traverse  m  Cornwall. 
COTTON  DYEING.    See  Dyeing. 


COTTON-MANUFACTURE. 


851 


plant  called  gossrjpium  by  Linntcus,  and  placed  by  him  in  the  class  monadelpMa  and  order 
monandria,  but  belonging  to  the  natural  family  of  malvaceee.  It  has  a  cup-shaped  calyx, 
obtusely  five-toothed,  inclosed  in  a  three-cleft  exterior  calyx  ;  the  leaflets  are  united  at 
their  base,  of  a  heart  shape  and  toothed  ;  stigmas  three  to  five ;  capsule  three  to  five- 
celled  and  many-seeded;  seeds  bearing  a  downy  wool.  Thirteen  species  are 
described  by  Decandolle,  but  their  characters  are  very  uncertain,  and  no  botanist  can 
assign  to  a  definite  species  of  the  plant  the  very  dissimilar  staples  of  the  cotton 
filaments  found  in  commerce.  The  leaves  are  genei'ally  palmate  and  hairy  ;  and 
the  blossoms  are  large,  and  of  a  beautiful  yellow.  The  gossypium  reliyiosum  of 
'Iranquebar  has  white  blossoms  in  some  of  its  varieties,  to  which,  jirobably,  the  white 
cottou  of  Rome,  cultivated  in  the  Jardin  des  Plantes  at  Paris,  belongs.  The  filaments 
difier  in  length,  flexibility,  tenacity,  and  thickness,  in  different  cottons,  whence  the 
great  difference  of  their  value  to  the  cotton-spinner,  as  the  prices  current  in  the  market 
show.  Thus,  at  Liverpool,  on  the  3rd  of  September,  1858,  the  following  values  were 
assigned  to  the  following  cottons :  — 


s. 

d. 

s. 

d. 

Sea-island  - 

-  1 

0  to 

2 

6 

Demerara  and  Berbice 

-  0 

6^ 

0 

11 

Pernambuco    -       .       -  - 

-  0 

8 

0 

10 

Egyptian        -       -       .  - 

-  0 

7^ 

0 

11' 

New  Orleans  -       -       -  - 

-  0 

0 

9 

Bahia     .       .       -       _  - 

-  0 

n 

0 

Upland  Georgia       -       .  - 

-  0 

5 

0 

n 

AVest  Indian    -       -       .  . 

-  0 

0 

10 

Surat  

-  0 

^ 

0 

61 

Madras   -       -       -       -  - 

-  0 

H 

0 

6 

Bengal    -       -       .       .  . 

-  0 

H 

0 

K3 

The  filaments  of  cotton,  when  examined  with  a  good  microscope,  are  seen  to  be  more 
or  less  ribbon-like,  and  twisted  ;  having  a  breadth  varying  from  of  an  inch  in  the 
strongest  Smyrna  or  candle  wick  cotton  of  the  Levant,  to  of  an  inch  in  the  finest 
fsea-island. 

The  main  distinction  between  cottons  in  the  pod,  is  that  of  the  black  seeded  and  the 
green  seeded  ;  for  the  former  part  with  their  downy  wool  very  readily  to  a  pair  of 
simple  rollers,  made  to  revolve  nearly  in  contact,  by  the  power  of  the  human  arm  ; 
while  the  latter  retain  the  wool  with  much  force,  and  require  to  be  ginned,  as  the 
operation  is  called,  by  a  powerful  revolving  circular  saw-mechanism,  usually  driven  by 
horse  or  water  power. 

Ftg.  579,  A  B,  is  a  roller,  about  9  inches  in  diameter,  which  revolves  in  the  direction 
of  the  arrow.  This  cylinder  consists  of  a  parallel 
series  of  oblique  pointed  circular  saws  made  fast  to 
one  axis,  and  parted  from  each  other  by  wooden  rings 
nearly  one  inch  and  a  half  in  thickness.  Above  the 
cylinder  is  a  kind  of  hopper  e  f,  into  which  the 
ginner  throws  the  seed  cotton,  which  falls  upon  a 
grating,  up  through  which  small  segments  of  the  saw- 
teeth project,  so  as  to  lay  hold  of  the  fibres  in  their 
revolution  and  pull  them  through,  while  the  seeds  being  thus  separated,  roll  down  the 
Slope  of  the  grid,  to  be  discharged  from  the  spout  i  k.  m  is  a  cylindrical  brush  placed 
below  the  grating,  which  revolves  against  the  saw  teeth,  so  as  to  clear  them  of  the 
adhering  cotton  filaments. 

Fig.  580  is  F.  A.  Calvert's  patent  toothed  roller  cotton  gin. 

a  is  a  perspective  view,  6  is  a  sectional  view,  a  is  the  box  to  hold  seed  cotton 
[,Sd°,-oL^'°1      ""i."  ?^0PPer;  c  is  the  fluted  guard;  d  is  the  fine 

whlifthetaVhiL^stlndr'^  ^  "  ^''^  ^'^^'^^''^"^  P'^^''  '  '^''^"^"^  ^'->'  - 

.i,^™^;-^'''"'  "  ^^^^^     ^^0^°  an  arrow,  indicating  the  direction  of 

the  motion.    The  handle  should  not  be  driven  less  than  fifty  turns  per  minute  The 
eed  cotton  should  be  fed  into  the  hopper  in  small  portions,  and  regularly  throughout 
not  con  ct  Z^^  T  t'^'^™        a  large  Juan.^^^  oe 

feet  wit  .'tw/  operation.    This  gin  is  made  from  six  inches  to  five 
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larly  fast  seed  cotton,  which  has  been  valued  at  one  penny  per  pound  more  whon 
done  on  this  gin  than  when  done  on  the  saw  gin.  '  It  will  he  seen  that  there  is  no  baud 
or  belt  employed,  hence  the  machine  recjuires  small  \)ovieT  compai-ed  with  other  machines 
for  like  purposes. 

After  the  cotton  wool  is  thus  separated  from  the  seeds,  it  is  packed  in  large  canvas 
bags,  commonly  with  the  aid  of  a  screw  or  hydraulic  press,  into  a  very  dense  bale,  for 
the  convenience  of  transport.  Each  of  the  American  bags  contains  about  500  lbs.  of 
cotton  wool.    When  this  cotton  is  delivered  to  the  manufacturer,  it  is  so  foul  atd 


flocky,  that  he  must  clean  and  disentangle  it  with  the  utmost  care,  before  he  can  subject 
it  to  the  carding  operation.  ,        ,         -  t. 

The  wilhw,  which  was  originally  a  cylindrical  willow  basket,  whence  its  name,  but 
is  now  a  box  made  of  wood  or  iron,  with  revolving  iron  spikes,  is  the  first  apparatus 
to  which  cotton  wool  is  exposed,  after  it  has  been  opened  up,  picked,  and  sorted  by 
hand  or  a  rake,  in  what  is  called  a  bing.  The  willow  exercises  a  winnowmg  action, 
loosens  the  large  flocks,  and  shakes  out  much  of  the  dirt  contamed  m  them.  The 
frame  of  the  wUlow  is  about  4  feet  wide,  and  turns  with  its  spikes  at  the  rapid  rate  of 
400  revolutions  per  minute,  whereby  it  tosses  the  cotton  about  with  great  violence. 
The  heavy  impurities  fall  down  through  the  grid  bottom.  It  is  exposed  however, 
for  only  a  few  minutes  to  the  action  of  this  machine.  For  factories  which  work  up 
chieflv  the  coarser  and  fouler  cottons  of  India,  and  Upland  Georgia,  the  conical  self- 
acting  willow,  as  constructed  by  Mr.  LiUie  at  Manchester,  is  employed.  In  it,  the 
cotton  is  put  in  at  the  narrow  end  of  the  truncated  cone,  which  being  spiked,  and 
revolving  rapidly  within  a  nearly  concentric  case  upon  a  horizontal  axis  wafts  it  on 
[owardsfhe  wide  end,  while  its  impurities  are  partly  shaken  out  through  the  grid  or 
perforated  bottom,  and  partly  sacked  up  through  revolving  squirrel  wire  cages,  by  the 
centrifugal  action  of  a  fan.  The  cone  of  this  huge  machine  makes  from  400  to  600 
turns  per  minute,  and  will  clean  7200  pounds,  or  24  bags,  in  a  day. 

After  shaking  out  the  grosser  impurities  by  the  willow,  the  cotton  spinner  proceeds 
to  Vcpa^ate  each  individual  filament  of  cotton  wool  from  its  fellow,  so  as  to  prepare  it 
■or  carding  and  to  free  it  from  every  particle  of  foreign  matter,  whether  I'ghter  or 
heavier  tTan  U«elf.  This  second  operation  is  performed  by  what  are  called  bat  ing 
rLJS  scutcl^^^^^  and  blowing  machines,  which  are  all  now  much  the  same,  what- 
fvef  rff^rence  of  dgnification  the  name  may  have.    Indeed,  each  machine  not  only 

'"^L'il'ThfscutS^^^^^^ 

U  Sn  thP  fi,4  machrne  in  a  mill  through  which  the  cotton  is  passed,  and  serves,  as 
ILt'iL'Ji^p'lfs,  to  o;en  Ihe  matted  lock's  of  cotton  and  separate  its  fibres,  and  at  tl.e 
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same  time  to  remove  a  large  percentage  of  the  seed  and  dii't  whicli  may  have  beeu 

packed  with  it.  ,    ,       v  t,  •  j 

The  cotton  is  placed  upon  the  travelling  creeper  marked  a,  which  is  made  of  a 
number  of  narrow  slips,  or  laths,  of  wood,  screwed  to  three  endless  bands  of  leather, 
the  pivots  of  which  are  marked  b  and  c.  Motion  is  given  to  the  roller  e,  by  a  wheel 
on  the  end  of  the  feed  roller,  thus  causing  the  creeper  to  advance,  carrying  with  it  the 
cotton  to  the  feeding  rollers  d ;  these  revolving  slowly  pass  the  cotton  to  the  second 
smaller  pair  of  fluted  rollers,  which  serve  it  to  the  beater. 

The  top  feeding  rollers  are  weighted  by  levers  and  weights  e  e,  and  hold  the  cotton 
sufficiently  tight  for  the  beater  to  act  upon  it. 

581 


The  beater  is  placed  inside  the  machine  at  /,  and  extends  quite  across  its  breadth, 
its  shaft  or  axis  being  shown  with  the  speed  fully  upon  it  at  g.  The  form  of  the  beater 
varies,  but  we  give  the  following  as  an  example  : — On  a  shaft  are  placed  four  or  five 
spiders,  each  having  three  or  four  arms ;  to  the  ends  of  these  arms  are 
attached  steel  blades,  which  pass  along  the  whole  length  of  the  beater ; 
two  of  the  arms  being  shorter  than  the  other  arms  of  the  spider,  allow 
two  of  the  blades  to  contain  a  double  row  of  spikes  in  each,  the  points 
of  the  spikes  being  at  the  same  distance  from  the  axis  as  the  other  two 
blades.  As  the  beater  revolves  about  800  turns  per  minute,  the  blades 
and  spikes  strike  the  cotton  with  considerable  force  as  it  is  passed  from 
the  feeding  rollers,  and  thus  free  it  from  many  of  its  impurities. 

Immediately  under  the  feed  rollers  and  beater,  are  placed  a  number  of  wedge 
shaped  bars,  which  form  a  semi-circular  grid,  through  the  narrow  openings  of  which 
the  dirt  and  seeds  fall  to  the  floor,  their  removal  being  effected  through  the  doors  in 
the  framing.  To  prevent  the  cotton  passing  with  the  dirt  through  the  grid,  a  current 
of  air  to  draw  the  cotton  from  the  beater  to  the  cage,  is  produced  by  an  exhaust  fan 
Ots  axis  being  shown  at  h)  receiving  its  motion  from  a  pulley  on  the  beater  shaft 
The  projection  i  on  the  framing  forms  a  pipe,  through  which  the  fan  draws  the  air 
trom  the  beater,  passing  on  its  way  through  a  large  revolving  cage  or  cylinder 
the  periphery  of  which  is  formed  of  sheets  of  perforated  metal,  or  wire  sauze  Its  axis 
IS  shown  at  K.  bau/,c.    its,  axis 

From  the  cage  the  cotton  is  delivered  by  a  second  travelling  creeper  and  falls  into 
michinf  "     weighed  and  made  ready  for  the  operations  of  the  lap 

Fig.  583  exhibits  a  longitudinal  section  of  another  kind  of  Wowing  engine  The 
machine  is  about  18  or  19  feet  long,  and  three  feet  across  within  the  caie.  The  whole 
frame  is  made  of  cast-iron,  forming  a  close  box,  which  has  merely  openings  for  7ntro 
ducing  he  raw  cotton  wool,  for  taking  out  the  cleansed  wool,  and  removfng  the  dust 
as  It  collects  at  the  bottom.  These  doors  are  shut  during  the  operation  o^  the  machine 
but  may  be  opened  at  pleasure,  to  aUow  the  interior  to  be  inspected  and  repah-ed  ' 

The  introducti.m  of  the  cotton  is  effected  by  means  of  an  endless  cloth  or  dnnW^ 
apron,  which  moves  in  the  direction  of  the  ar/ow  a  a,  at  the  iS  end  S^T  tare, 
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by  passing  round  tlie  continually  revolving  rollers  at  b  and  c.  The  two  rollers  at  e 
ueing  the  ones  winch  immediately  introduce  the  cotton  into  the  jaws,  as  it  were| 
683  of  'I'e  m^Iiine,  are  called  the  feed  rollers! 

Tlie  batting  arm,  or  revolving  diameter, 
/  e,  turns  in  the  direction  of  the  arrow, 
and  strikes  the  flocks  violently  as  they 
enter  so  as  to  throw  down  any  heavy  par- 
ticles upon  the  iron  grating  or  grid  at  n, 
while  the  light  cotton  filaments  are  wafted 
onwards  with  the  wind,  from  the  rota- 
tion of  the  scutcher  in  the  direction  of 
arrow  a,  along  the  second  travelling 
apron,  upon  which  the  squirrel  cage  cylin- 
der presses,  and  applies  the  cotton  in  the 
form  of  a  lap.  Above  the  cylindric  cage 
/(,  which  turns  in  the  direction  of  its 
arrow,  there  is  a  pipe  h,  the  continuation 
of  the  case  i.  This  pipe,  though  broken 
off  in  the  figure,  communicates  by  a 
branch  pipe  with  an  air-sucking  fan  ven- 
tilator, not  seen  in  this  figure,  but  like 
the  ordinary  fans.  The  cage  h,  by 
its  rotation,  presses  down,  as  we  have 
said,  the  half-cleaned  cotton  upon  the 
cloth  a',  which  carries  it  forward  to  the 
second  scutcher /',  by  the  second  set  of 
feed  rqllers  e'.  The  second  scutcher 
throws  down  the  heavy  dust  upon  the 
second  grid  n',  through  which  it  falls  upon 
the  bottom  of  the  case.  The  first  scutcher 
makes  about  1350  strokes  of  each  of  its 
two  arms  in  a  minute;  the  second,  10,420. 
The  feed  rollers  for  each  are  fluted.  The 
feed  cloth  is  either  sustained  by  a  board, 
or  is  made  of  parallel  spars  of  wood,  to 
secure  it  against  bagging,  which  would 
render  the  delivery  of  the  cotton  irre- 
gular. The  feed  rollers  make  8  turns  in 
a  minute,  and  as  their  diameter  is  1^ 
inch,  they  will  introduce  8  times  their 
circumference,  or  377  inches  of  the  cotton 
spread  upon  the  apron  in  that  time.  Upon 
every  12th  part  of  an  inch  of  the  cotton, 
therefore,  nearly  3  blows  of  the  scutcher 
arm  will  be  applied.  The  second  feed 
rollers  move  relatively  with  more  slow- 
ness, so  that  for  every  2'4  blows  of  the 
W\  scutcher,  only  one  twelfth  of  an  inch  of 

iklltl  cotton  wool  is  presented. 

The  fan  is  enclosed  in  a  cylindrical 
case.  The  wings  of  vanes  revolve  from 
120  to  150  times  in  the  minute  ;  and  while 
they  throw  the  air  out  with  nearly  this 
velocity  at  their  excentric  outlet  in  the 
circumference,  they  cause  it  to  enter  with  equal  velocity,  at  the  centre.  With  this 
centre  the  squirrel  cage  is  connected  by  a  pipe,  as  above  stated.  The  sound  fila- 
ments of  the  cotton  are  arrested  by  the  sieve  surface  of  the  cylindric  cage,  and  nothmg 
but  the  broken  fragments  and  the  light  dust  can  pass  through.  ,     •  i. 

The  cotton  wool  in  the  blowing  machine  is  wafted  by  the  second  scutcher  mto  the 
space  xww,  provided  with  a  fine  grid  bottom ;  or  it  is  sometimes  wound  up  there  by 

rollers  into  a  lap.  ,  ,        .    .  ^     -j  .i 

In  fiq  583  an  additional  ventilator  is  mtroduccd  beneath  at  m  o  o,  to  aid  the  action 
of  the  scutchers  in  blowing  the  cotton  onwards  into  the  oblong  trough  a.  The  outle  t 
of  that  fan  is  at  « ;  and  it  draws  in  the  air  at  its  axis  ?.  u  and  v,  are  two  doors  or 
lids  for  removing  the  cleaned  cotton  wool.  This  last  fan  is  suppressed  in  many 
blowing  machines,  as  the  scutching  arms  supply  a  sufl^cient  stream  of  air.  1  he 
dotted  lines  show  how.  the  motion  is  transmitted  from  the  farst  mover  at  s,  to  the 


COTTON  MANUFACTURE. 


855 


584 


various  parts  of  the  machine.  6'  G'  represent  the  bands  leading  to  the  mam  shafting 
of  the  mill.  A  machine  of  this  kind  can  clean  fully  1500  pounds  of  short-stapled 
cotton  wool  in  a  day,  with  the  superintendence  of  one  operative,  usually  a  young 
woman,  to  distribute  the  cotton  upon  the  first  feed  cloth. 

The  second  blowing  machine  is  usually  called  a  lap  machine,  because,  after  blow- 
ing and  scutching  the  cotton,  as  above  described,  it  eventually  coils  the  fleece  upon 
a  wooden  roller  at  the  delivering 
end  of  the  apparatus.  It  is  some- 
times also  called  a  spreading  ma- 
chine. A  section  of  it  is  shown 
in  Jig  584.  The  breadth  of  this 
machine  is  about  3  feet,  as  the 
lap  formed  is  prepared  for  the 
usual  breadth  of  the  breaker 
cards,  namely  3  feet.  Where  the 
cards  are  only  18  inches  broad, 
the  lap  machine  is  also  made  of 
the  same  breadth.  In  the  figure  we 
see  the  feed-cloth,  the  scutching 
beater,  the  squirrel  suction  and 
spreading  cage,  and  the  rollers 
for  coiling  up  the  lap.  The  lever 
shown  below  is  for  removing  the 
pressure  weight  from  the  axis  of 
the  lap  rollers,  when  a  full  one  is 
to  be  removed,  and  replaced  by  an 
empty  one.  m,  at  the  top,  is  the 
commencement  of  the  pipe  which 
leads  to  the  suction  fan,  or  venti- 
lator. The  thickness  of  the  lap 
in  this  machine  must  be  nicely 
regulated,  as  it  determines,  in  a 
great  measure,  the  grist  of  the 
card  ends,  and  even  the  rovings. 
In  60  hours  such  a  lap  machine 
will  prepare  9000  lbs.  of  cotton. 

Fig.  585  is  the  first  scutching 
machine,  now  never  seen  except 
in  the  oldest  factories,  a  b  is  the 
feed  cloth ;  g  h  and  M  N  are  the 
two  scutcher  frames. 

Carding  is  the  next  operation 
in  a  cotton  factory.  Cards  are 
destined  to  disentangle  the  indi- 
vidual filaments  from  each  other, 
and  to  lay  them  lengthwise,  in- 
stead of  being  doubled  up  and 
convoluted,  as  they  usually  are 
in  leaving  the  blowing  and  lap 
machines.  Carding  consists  in 
the  mutual  action  of  two  opposite 
surfaces,  which  are  studded  thick 
with  oblique  angled  hooks.  The 
wires  of  which  these  hooks  are 
made  must  be  very  hard  drawn 
in  order  to  render  them  stiff  and 
elastic.  The  middle  part  of  the 
figures  shows  one  of  the  staples 
or  double  teeth,  the  structure  of 
which  has  been  partly  explained 
under  Card.  Suppose  a,  fig. 
586,  to  be  a  piece  of  a  card  fillet, 

S,e\™?r'^''Pf-'''''°''.^'^'n^"^^"^"'*^'^^  P'°«      «  board;  the  teeth  of - 
these  two  cards  are  set  in  opposite  directions,  but  are  very  near  together,  and  parallel 
Now  suppose  a  flock  or  tuft  of  cotton  placed  between  two  such  bristling  surfaced  Let 
a  be  moved  m  the  direction  of  its  arrow,  and  let  b  be  moved  in  the  oppofite  dircctbn  oi- 


even  let  it  remain  at  rest. 


Every  filament  of  the  cotton  will  be  laid  hold  of  by  each 
3  I  4 
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^^fiwV^*"'^'  ^^'"'^  surfaces  are  thus  drawn  over  each  other;  the  teeth  of  a  will 
pull  them  in  a  forward  direction,  while  those  of  i  will  tend  to  relain  them,  or  to  pull 

585  >• 
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them  backwards.  The  loops  or  doublings  will,  by  both  movements,  be  opened  or 
drawn  out,  so  that  the  flocks  will  be  converted  into  rows  of  parallel  filaments,  lying 


586 


587 


alongside  or  before  each  other.  Each  tooth  will  secure  to  itself  one  or  more  of  them, 
and  by  the  friction  of  its  sides  as  well  as  the  hooks  of  its  points,  will  draw  them  to 
their  utmost  elongation.  Though  one  stroke  of  the  opposite  cards  be  inadequate  to 
produce  this  equable  arrangement,  yet  many  repeated  strokes  must  infallibly  accomplish 
the  end  in  view,  of  laying  the  fibres  parallel. 

Let  us  suppose  this  end  eSected,  and  that  all  the  fibres  have  been  transferred  to  the 
card  a,  a  transverse  stroke  of  b  will  draw  over  to  it  a  certain  number  of  them,  and  in- 
deed at  each  stroke  there  will  be  a  new  partition  between  the  two  cards,  with  increased 
parallelism,  but  still  each  card  will  retain  a  great  deal  of  the  cotton.  To  make  one 
card  strip  another,  the  teeth  of  one  of  them  must  be  placed  in  a  reverse  position,  as 
shown  in  fig.  587. 

If  a  be  now  drawn  in  the  direction  of  its  arrow  along  the  face  of  b,  it  will  inevitably 
comb  out  all,  or  almost  all,  the  filaments  from  it,  since  the  hooks  of  b  have,  in  this  po- 
sition, no  power  of  retaining  them.  Even  the  doubled  fibres  or  loops  will  slip  over  the 
sloping  point  of  6,  in  obedience  to  the  traction  of  a.  By  considering  these  two  relative 
positions  of  the  cards,  which  take  place  in  hand  cards  simply  by  reversing  one  of  them, 
any  person  will  be  able  to  understand  the  play  of  a  cylinder  card  against  its  flat  top,  or 
against  another  cylinder  card,  the  respective  teeth  being  in  what  we  may  call  the 
teasing  position  of  fig.  586  ;  and  also  the  play  of  a  cylinder  card  against  the  doffer 
cylinder,  in  what  may  be  called  the  stripping  position  of  fig.  587. 

Cylinder  cards,  so  essential  to  the  continuity  and  despatch  of  cotton  factory  labour, 
were  the  ingenious  invention  of  Lewis  Paul  of  Northampton,  but  were  greatly 
improved  and  brought  into  nearly  their  present  operative  state  by  Sir  Richard  Ark- 
wright.  A  carding  engine  consists  of  one  or  more  cylinders,  covered  with  card- 
leather  (sometimes  card-cloth),  and  a  set  of  plain  surfaces  similarly  covered,  made  to 
work  against  each  other,  but  so  that  their  points  do  not  come  into  absolute  contact. 
Some  cards  consist  entirely  of  cylinders,  the  central  main  cylinder  being  surrounded 
by  a  series  of  smaller  ones  called  urchins  or  squirrels.  These  are  used  solely  for  pre- 
paring the  coarser  stapled  cotton,  and  sheep's  wool  for  the  wool  spinner. 

Fig.  588  represents  a  card  of  excellent  construction,  which  may  be  called  a  breaker 
and  finisher,  as  it  is  capable  of  working  up  the  fleece  roll  of  the  lapping  machine  di- 
rectly into  a  card-end  or  riband  fit  for  the  drawing  machine.  In  fine  spinning  mills 
there  are  always,  however,  two  cards ;  one  coarser,  called  a  breaker,  which  turns  off 
the  cotton  in  a  broad  fleece  of  extreme  thinness,  which  constitutes  the  material  pre- 
sented to  the  finisher  card,  which  has  teeth  of  a  finer  construction. 
'  a  is  one  of  tiie  two  upright  slots,  which  are  fixed  at  each  side  of  the  engine  for  re- 
ceiving the  iron  gudgeons  of  the  wooden  rollers  round  which  the  fleece  of  tlie  lapping 
machine  is  rolled.  The  circumference  of  this  coil  rests  upon  a  roller  b,  which  is 
made  to  turn  slowly  in  such  a  direction  as  to  aid  the  unfolding  of  the  lap  by  the  fluted 
cylinders  e.   The  lap  proceeds  along  the  table  seen  beneath  the  letter  c,  in  its  progress 
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to  tlic  fluted  rollers,  which  are  IJ  inches  in  diameter,  and  have  28  flutings  in  their  cir- 
cuuilerence.    g  is  a.  weight  which  hangs  upon  the  axis  of  the  upper  roller,  and  causes 

588 


It  to  press  upon  the  under  one :  fis  the  main  card  cylinder;  ggg,  the  arch  formed  by 
the  flat  top  cards  ,•  h,  the  small  card  cylinder  for  stripping  off  the  cotton,  and  therefore 
called  the  doft'er,  as  we  have  said ;  i,  the  dofifer-knife  or  comb  for  stripping  the  fleecy 
web  from  the  doffer ;  klqm,  the  lever  mechanism  for  moving  these  parts.  At  d  there 
is  a  door  for  permitting  the  tenter  to  have  access  to  the  interior  of  the  engine,  and  to 
remove  whatever  dirt,  &c.  may  happen  to  fall  into  it.   In  fig.  589  we  see  the  manner  of 


fixmg  the  flat  tops  gg  over  the  cylinder;  and  for  making  the  matter  clearer  three  of 
the  tops  are  removed.  Upon  the  arched  cast-iron  side  of  the  frame,  a  row  of  strong 
iron  pms  h  are  made  fast  in  the  middle  line ;  and  each  top  piece  has,  at  each  of  its 
ends,  a  hole,  which  fits  down  upon  two  such  opposite  pins.  //  are  screws  whose  heads 
serve  as  supports  to  the  tops,  by  coming  into  contact  with  the  bottom  of  the  holes 
which  are  not  of  course  bored  through  the  wood  of  the  tops.  By  turning  the  Leads  of 
these  screws  a  little  the  one  way  or  the  other,  the  pins  may  be  lengthened  or  shortened 
in  any  degree,  so  as  to  set  the  tops  very  truly  in  adjustment  with  the  cylinder  teeth 
revolving  beneath  them.  is  the  small  runner  or  urchin,  and  i'  the  large  runner^ 
both  of  which  are  spirally  covered  from  end  to  end  with  narrow  card  fillets  in  the 
same  manner  as  the  doffer.    The  main  cylinder  is  on  the  contrary  covered  with  card 

borders"   T^l  tlZ  fh''^''      'l  P'^'"'"^!  smootrieatheJ 

boraers.    1  he  teeth  of  these  several  cards  are  set  as  represented  in  the  fimire 

TLl  ri  cylinders  revolve  as  the  arrows  indicate.  The  runners  as  well  afthe 
doffer  cylinder  may  be  set  nearer  to  or  further  from  the  cylinder  /;  but  The  screws 
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intended  for  this  adjustment  are  omitted  in  the  drawings,  to  avoid  confusion  of  the 

The  card-end  or  fleece  taken  off  the  doffer  h  bv  the  mnlr  <.r„i  nr.r^\.  ^    i  ■ 
passes  through  the  tin  plate  or  brass  funnel  n  ^^^8  w^M^hv  i?^  i 
coutraeted  into  a  ribaud,  which  is  tlie^tLs^d  throu^rh  hofwLn  f     """^'^  """^ 
rollers  o.  It  is  next  received  by  the  roUers  r.  which Srrv  r^ff  ° 
and  let  it  fall  into  the  tin  cans  placed  S^ror'  c^ondt^tr     S  io^^  e7' to  ?e 
wound  along  with  many  other  card-ends  upon  a  lap  roller  or  large  bobbb  ^  The  latter 
meehanism  IS  no  shown  in  this  figure.    A  sloping  curved  tin  or  brass  p  a  e  ehanSed 
or  ridged  along  its  surface,  conducts  the  card  ribands  separately  ;  th^re  are  two  smooth 
iron  rollers  for  condensing  the  several  ribands,  and  a  wooden  pirround  whicTSe 
ribands  are  lapped,  resting  between  two  leather-covered  rollers,  one  of  whlh  receives 
motion  from  mill  gearing,  and  imparts  it  by  friction  to  the  lap  roller  oveT  i    The  imn 
gSs  miS  wrw!'"^  "  '''''''''  ^^--s  tS rollTr 

Th^LZl  ^""ii"'  °^  "■""""'i''*  extension  of  the  card-end,  and  reduce  its  size 

ItZtl  T  T*^"      ''T.  ^"'^  ^^^^'^^  '^'^  "PP^r  «°es  ar;  also  made  of  iron 

but  they  are  covered  with  a  coat  of  leather,  nicely  glued  on  over  a  coat  of  flannel  wS 
wo  coats  render  them  both  smooth  and  elastic'  Two  weights,  w,  press  the  upper  cv- 
linder  steadily  down  upon  the  under  ones.  Between  the  fi?st  and  second  pah-Tere^s 
a  certain  interval,  which  should  be  proportioned  to  the  length  of  the  cotton  staple.  The 
second,  or  that  furthest  from  the  funnel,  revolves  with  greater  velocity  than  the  fir=t 
and  therefore  turns  out  a  greater  length  of  riband  than  it  receives  from  its  fellow  •  the 
consequence  is  a  corresponding  extension  of  the  riband  in  the  interval  between  the 
two  pairs  of  rollers. 

The  motions  of  the  several  parts  of  the  engine  are  effected  in  the  following  way. 
Ihe  band,  pp,fig.  589,  which  comes  down  from  the  pulley  upon  the  main  shaft  near 
the  ceiling  ot  the  work-room,  drives,  by  means  of  the  pulley  o,  the  cylinder  f,  fig.  588 
with  a  velocity  of  from  120  to  140  revolutions  in  a  minute.  From  another  pulley  r 
on  th9  axis  of  the  cylinder,  the  axis  of  t  is  driven  by  the  band  s  working  round  the 
pulley  t  on  its  end.  This  shaft  drives  the  crank  and  lever  mechanism  of  the  stripper 
knife  I.  A  third  pulley  of  the  same  size  as  r  is  fixed  just  within  the  frame  to  the  other 
end  of  the  cylinder,  and  from  it  a  crossed  or  close  band  r'  goes  to  a  pulley  upon  the 
smaU  runner  /*',  to  give  this  its  rapid  rotation.  Upon  the  opposite  end  of  the  engine 
in  Jig.  688,  these  wheels  and  pulleys  are  marked  with  dotted  lines.  Here  we  may 
observe,  first,  a  pulley  y  upon  the  cylinder,  and  a  pulley  a',  which  receives  motion  from 
It  by  means  of  the  band  z.  The  axis  of  a',  carries  in  front  a  pinion  m',  which  sets  in 
motion  the  wheel  n'.  The  latter  imparts  motion,  by  means  of  a  pinion  and  inter- 
mediate wheel  o',  to  the  wheel  h  on  the  dofifer,  and  consequently  to  that  cylinder  on 
the  one  hand ;  and  it  turns,  by  the  carrier  wheel  p',  a  wheel  x,  whose  axis  is  marked 
also  with  X  in  fy.  589,  upon  the  other  hand.  The  axis  of -x',  fig.  588,  carries,  to- 
wards the  middle  of  the  engine,  a  very  broad  wheel,  which  is  represented  by  a  small 
dotted  circle.  The  toothed  wheel  v  of  the  smooth  roller  v',  fig.  588,  and  the  two 
toothed  wheels  oo,fig.  589,  of  the  under  rollers  oo,fig.  588,  work  into  that  broad 
wheel.  The  wheel  of  the  second  or  delivery  fluted  roller  is  seen  to  be  smaller  than 
that  of  the  first,  by  which  means  the  difierence  of  their  velocities  is  obtained.  The 
large  runner  i  is  driven  from  the  main  cylinder  pulley,  by  means  of  the  band  V,  and 
the  pulley  u',fig.  588.  The  said  band  is  crossed  twice,  and  is  kept  in  tension  by  the 
pulley  t',  round  which  it  passes.  The  motion  of  the  fluted  rollers  e,  which  feed  in  the 
cotton  fleece,  is  effected  by  means  of  a  bevel  wheel  b'  on  the  end  of  the  doflfer,  which 
works  in  a  similar  wheel  c'  on  the  oblique  axis  d'  (dotted  lines  across  the  drum)  of 
the  pinion  e'  upon  the  lower  end  of  the  same  axis  which  turns  the  wheel  upon  the 
under  feed  roller. 

Each  of  the  feed  rollers,  fig.  589,  bears  a  pinion  ee  at  one  end,  so  that  the  upper 
roller  turns  round  with  the  under  one.  The  roller  b,fig.  588,  is  set  in  motion  by  means 
of  its  wheel  x' ;  wliich  is  driven  by  a  wheel  v'  on  the  other  end  of  the  under  feed  roller, 
through  the  intervention  of  the  large  carrier  wheel  u/.  The  original  or  first  motion 
of  b  must  be  as  quick  as  that  of  the  fluted  feed  rollers  e,  in  order  that  the  former  may 
uncoil  as  much  lap  as  the  latter  can  pass  on. 

The  annexe-d  table  exhibits  the  proper  velocities  of  the  different  cylinders  and  rollers 
of  the  carding  engine,  which,  however,  are  not  invariable,  but  may  be  modified  accord- 
ing to  circumstances,  by  changing  the  pinions  e',  fig.  588,  and  w',  according  to  the 
quality  or  length  of  the  cotton  staple.  The  velocities  stated  in  the  table  will  be 
obtained  when  the  pulley  a',  fig.  588,  is  made  greater  than  y  in  the  proportion  of  3  to 
2,  and  the  wheels  and  pinions  have  the  following  number  of  teeth  :  m',  18  ;  w'.  50  ;  it.s 
pinion,  18  ;  h,  128  ;  x,  24  ;  the  broad  wheel  upon  the  shaft  of  x,  37  teeth  ;  the  wlieel  o  of 
the  first  flutc^d  loliur,  35  ;  and  that  of  the  second,  21 ;  y,  41 ;  b'  and  e',  54  ;  e',  10  G3. 
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Names  of  the  parts. 

Diameter  in 
inches. 

Circumference 
in  inches. 

Revolutions 
in  one  minute. 

Ve.ocity. 

Main  cylinder/  - 
DofiFer  h     -       -  - 
Runner  or  urctin  i' 
Ditto  h'      -       -  - 
Fluted  feed  roller  e 
First  drawing  roller  o  - 
Second  ditto 
Smoott  delivery  roller  v 

35 
14 

6-25 

3-5 

1-167 

1- 

1-  167 

2-  5 

109-9 
43-96 
19  62 
11- 
3-664 
3-14 
3-664 
7-85 

130- 
4-38 
5- 

470- 
0-696 

68-71 
114-52 

54-66 

142-87 
192-5 
98  1 
5170- 
2-55 
215-75 
419-6 
429-08 

The  operation  of  the  rimners,  h'  and  i',  becomes  very  plain  on  comparing  their  speed 
■with  one  another  and  with  that  of  the  main  cylinder,  and  talking  into  account  the 
direction  of  the  card  teeth.  The  cotton  wool,  taken  off  from  the  feed-rollers  by  the 
cylinder,  is  caught  by  the  opposite  teeth  of  the  large  runner  i',  which,  on  account  of 
its  slower  surface  rotation  (98  inches  per  minute)  may  be  considered  to  be  at  rest  with 
reference  to  the  cylinder,  and  therefore,  by  holding  the  cotton  in  its  teeth,  wiU  com- 
mence its  carding.  The  small  runner  h',  in  consequence  of  its  greater  surface  velocity 
(5170  inches  per  minute)  will  comb  the  cotton-wool  back  out  of  the  teeth  of  the  large 
runner,  but  it  will  give  it  up  in  its  turn  to  the  swifter  teeth  of  the  cylinder,  which,  in 
carrying  it  forwards,  encounters  the  teeth  of  the  top  cards,  and  delivers  up  the  fila- 
ments to  their  keeping  for  some  time.  We  thus  see  how  essential  the  runners  are  to 
the  perfection  as  well  as  to  the  acceleration  of  the  carding  process  for  ordinary  cotton 
wool,  though  for  the  slenderer  and  longer  filaments  of  the  sea-island  kind  they  are 
not  so  well  adapted.  In  cleaning  the  carding- engines  the  little  runner  must  be  looked 
to  every  time  that  the  drum  is  examined.  The  large  rimner  and  the  doffer  require  to 
be  cleaned  tofiether.  The  quantity  of  cotton  spread  upon  the  feed-cloth,  the  velocity 
of  it,  and  of  the  drawing-rollers,  must  all  be  carefully  adjusted  to  the  grist  of  the  yarn 
intended  to  be  spun. 

Suppose  the  sizes  and  velocities  to  be  as  represented  in  the  preceding  table,  that  the 
engine  is  a  double  card  36  inches  broad,  and  that  it  is  furnished  with  a  lap  from  the  lap- 
machine  of  which  30  feet  in  length  weigh  5  lbs. ;  in  one  minute  the  surface  of  the  feed- 
rollers,  e,  passes  2-55  inches  of  that  lap  onwards ;  in  the  same  time  the  main  cylinder 
/will  work  it  oiF.  To  card  the  whole  30  feet,  therefore,  141  minutes,  or  2  hours  and 
21  minutes  will  be  required.  In  this  time  the  circumference  of  the  rollers,  uv,  moves 
through  a  space  of  141  x  429-08  in.  =5042  ft.,  and  delivers  a  card-end  of  that  length, 
weighing  5  lbs.  minus  6  per  cent,  for  waste,  that  is  4  lbs.  1 1|-  oz.  One  pound  will  form 
a  riband  1072  feet  long,  being,  according  to  the  English  mode  of  counting,  about  num- 
ber ^,  or  0-357.  .  The  extension  of  the  cotton-fleece  to  this  degree  proceeds  as  follows  -. 
—  In  the  141  minutes  which  the  feed- rollers  take  to  introduce  the  30  feet  of  lap,  the 
doffer  h  makes  617-58  revolutions,  and  the  comb,  or  doffer  knife  i,  detaches  from 
the  doffer  teeth  a  thin  fleecy  web  of  2262  feet  in  length.  The  first  drawing  pair  of 
fluted  rollers,  by  its  quick  motion,  with  the  aid 
of  the  funnel  m,  converts  this  fleece  into  a 
riband  2535  feet  long.  The  second  pair  of  the 
fluted  rollers  extends  this  riband  to  4390  feet, 
since  their  surface  velocity  is  greater  than  the 
first  pair  in  that  proportion.  The  slight  elon- 
gation (of  only  112  feet,  or  about  :,',)  which 
takes  place  between  the  delivery  fluted  rollers 
and  the  smooth  cylinders,  ti  v,  serves  merely 
to  keep  the  card-end  steadily  upon  the  stretch 
without  folding.  Fig.  590  is  a  plan  of  the  card 
and  the  fleece,  where  h  is  the  cylinder,  n  is  the 
funnel,  u  the  pressing  rollers,  and  h'  the  card- 
ends  in  the  can. 

Fi(js.  591,  592  represent  skeletons  of  the  old  cards  to  facilitate  the  comprehension 
of  these  complex  machines.  Fig.  591  is  a  plan;  f  is  the  main  cylinder  ;  mm  is  the 
doffer  knife  or  comb  ;  c,  the  carded  fleece  hemmed  in  by  the  funnel  a,  pressed  between 
the  rollers  6,  and  then  falling  in  narrow  fillets  into  its  can.  Fig.  592,  kl  are  the  feed 
rollers  ;  a  b,  the  main  cylinder  ;  c  d,  the  tops  ;  e  f,  the  doffer  card  ;  m  n,  the  doffer  knife  • 
d,  b,  c,  the  card-end  passing  between  compressing  rollers  into  the  can  a  ' 

Fig.  593  is  a  carding-engine  without  top  flats,  being  entirely  covered  with  rollers 
and  c  earers ;  it  is  suitable  for  all  counts  under  forties  and  wiU  card  for  600  lbs  of 
twenties  per  week  of  60  hours. 


5'J3 


Fig.  594  represents  the  combing  machine,  as  seen  at  -work  in  the  mills  of  Thomas 
Bazley,  Esq.,  M.  P.,  Manchester,  and  other  fine  spinning  concerns.  The  introduction  of 
this  beautiful  machine,  manufactured  by  Messrs.  Hetherington  and  Sons,  Manchester, 
having  produced  a  complete  revolution  in  the  preparation  of  fine  yams,  we  give  a 
brief  history  of  its  invention  prior  to  describing  it  in  detail. 

About  the  year  1844,  Mr.  Jean  Jacques  Bourcart,  one  of  the  partners  of  the 
eminent  firm  of  Messrs.  Nicolas  Schlumberger  &  Co.,  of  Guebwiller,  in  the  depart- 
ment du  Haut  Rhin  in  the  kingdom  of  France,  offered  a  prize  of  a  considerable  sum 
of  money  to  any  person  who  should  invent  a  machine  that  would  supersede  the 
carding  engine  in  the  treatment  of  the  fibres  of  cotton,  suitable  for  fine  numbers, 
such  machine  to  be  free  from  the  objections  urged  against  the  cardmg  engine  of 
breaking  the  fibres  of  the  cotton,  and  delivering  them  in  the  staple  or  hook  form; 
and  besides  this,  it  was  to  possess  the  peculiar  property  of  separatmg  the  long  fibres 
from  the  short  ones  ;  and  after  laying  the  long  fibres  parallel  to  each  other,  pass  tliem 
out  of  the  machine  in  a  perfectly  cleaned  state  in  the  form  of  a  sliver  ready  lor  tiie 
drawing  frame. 
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In  a  short  time  after  this  announcement  Mr.  Bourcart  ^as  waited  upon  by  Mr. 
Josac  Heilmann,  of  Mulhausen,  in  the  department  du  Haut  Rhin  in  the  kingdom  of 
France,  machine  maker,  who  informed  him  that  lie  claimed  the  prize.  Mr.  Heilmann 
feelin"-  satisfied  that  his  invention  was  a  valuable  one,  made  application  lor  a  patent 
in  England,  which  patent  was  sealed  on  the  25th  of  February,  1846. 

594 


The  specification  of  Mr.  Heilmann's  invention  is  very  clear  and  concise,  and  a 
single  extract  from  it  will  be  suSicient  to  convey  to  the  mind  of  the  practical  spinner 
the  nature  and  object  of  his  invention.  He  says,  "  My  invention  consists,  secondly,  in 
a  new  combination  of  machinery  for  the  purpose  of  combing  cotton,  as  well  as  wool  and 
other  fibrous  materials,  into  which  machine  the  fibres  as  they  come  from  the  dressing- 
machine  are  introduced  in  a  lap  sliver  or  fleece,  which  is  broken  asunder,  and  the 


862 


COTTON  MANUFACTURE. 


fibres  are  combed  at  each  end,  and  the  long  nnd  short  fibres  are  separated  the  lone 
ones  heing  united  in  one  sliver,  the  short  ones  in  another,  and  they  are  passed  out 
ot  the  machine  thus  separated  ready  for  drawing  roving,  and  other  subsequent 
operations.  *  i  - 

_  Mr.  lleilmann  did  not  live  long  enough  to  reap  the  reward  of  his  genius  for 
inventing  this  and  other  important  machines,  and  his  son,  Jean  Jacques  Heilmann  was 
under  the  necessity  of  bringing  an  action  for  the  infringement  of  the  combing  machine 
patent  against  certain  parties  in  Yorkshire;  the  trial  took  place  before  the  Lord 
Chief  Justice  of  the  Queen's  Bench  and  a  special  jury  at  the  Guildhall,  London  on 
the  arth  and  28th  of  February,  1852,  which  resulted  in  a  verdict  for  the  plaintiff 
thereby  establishing  the  validity  of  the  patent.  Since  that  period  a  considerable 
number  of  machines  have  been  set  to  work  in  this  country ;  and  althoun-h  several 
patents  have  been  taken  out  for  certain  improvements  introduced  into  these  machines 
still  the  combination  of  a  delivering,  combing,  and  drawing  apparatus,  and  their  mode 
ot  action,  is  retained,  as  will  be  seen  in  the  following  description  of  Cross  Section  of 
Coinbing  Machine,  fi(j.  594. 

1  is  the  lap  of  cotton  resting  upon  the  two  wooden  rollers  2,  2a.  When 
motion  is  given  to  these  rollers,  they  cause  the  lap  to  unwind  and  deliver  the  sheet  of 
cotton  down  the  inclined  conductor  3,  and  between  the  fluted  steel  feeding  roller 
4,  and  the  leather-covered  pressure  roller  4a  ;  to  these  rollers  an  intermittent 
motion  is  given  by  means  of  a  star  wheel ;  they  make  -,'5  of  a  revolution  to  one 
revolution  of  the  cylinder  6,  this  motion  being  effected  during  the  time  the  cushion 
plate  5a  is  forward,  and  the  nipping  plate  5  is  lifted  from  it.  The  cushion  plate 
5a  is  hung  upon  the  centre  5Zi,  and  the  nipping  plate  upon  the  shaft  5c,  and  this 
shaft  receives  motion  from  a  cam  at  the  end  of  the  machine  through  the  lever  5e, 
the  connecting  rod  \Zd,  lever  13c,  and  shaft  136, — the  parts  being  so  arranged 
that  the  cushion  plate  5a  is  pressed  backward  by  the  nipping  plate  5,  but  as  soon 
as  the  pressure  is  removed  it  is  drawn  forward  by  a  spring  until  it  arrives  at  the 
strap.  Besides  this  movement,  the  nipping  plate  is  caused  to  move  on  its  own  axis, 
■which  enables  it  to  quit  contact  with  the  cushion,  while  the  cotton  is  being  fed  in 
between  them. 

_  In  the  engraving  {fig.  594)  the  cushion  5a  is  represented  as  thrown  back  by  the 
nipping  plate  5,  and  while  in  this  position  the  cotton  is  held  between  them,  until 
the  combs  on  the  cylinder  pass  between  the  fibres  of  cotton  which  protrude,  and 
remove  from  them  all  impurities  and  the  fibres  which  are  too  short  to  be  held  by  the 
nipper.  The  combing  cylinder  6a  is  attached  to  the  shaft,  or  axis  6,  by  which 
it  is  caused  to  revolve.  The  periphery  of  this  cylinder  is  divided  into  four  unequal 
parts  by  the  combs  66  on  one  side,  and  the  fluted  segment  6c  on  the  other  side; 
the  spaces  between  them  being  plain  to  allow  time  for  the  nipper  and  leather 
detaching  roller  8a  to  change  their  positions. 

The  combs  on  the  cylinder  are  made  with  teeth  at  various  distances,  the  coarser 
ones  taking  the  lead,  and  finer  teeth  following,  the  last  combs  having  more  than  80 
teeth  in  a  lineal  inch.  All  impurity  or  waste  mixed  with  the  fibres  held  by  the  nipper 
is  carried  away  by  these  combs,  which  at  every  revolution  are  cleaned  by  the 
cylindrical  brush  10a,  stripping  the  waste  from  them,  and  depositing  it  upon  the 
travelling  creeper  11a,  formed  of  wired  cloth,  which  carries  it  down  until  the 
doffing  knife,  or  steel  blade  12  removes  it  in  the  usual  manner;  it  then  drops  into  a 
waste  box,  and  is  afterwards  worked  into  coarser  yarns.  A  cylinder  covered  with 
wired  cloth  is  sometimes  used  instead  of  the  travelling  creeper,  and  acts  iu  a  similar 
way. 

As  soon  as  the  combs  have  all  passed  the  fibres  held  by  the  nipper,  the  cushion 
plate  5a  is  drawn  forward,  and  the  nipper  plate  5  is  lifted  from  it,  and  thus 
releases  the  fleece  ;  the  fluted  segment  6c  on  the  cylinder  is  at  the  same  time 
passing  immediately  under  the  cushion  plate  5f(,  the  ends  of  the  combed  fibres 
lying  upon  it,  and  as  the  leather  detaching  roller  8a  has  been  lowered  into  contact 
with  the  fluted  segment,  they  are  then  drawn  forward ;  but  as  it  is  necessary  to 
prevent  any  fibres  passing  that  have  not  been  properly  cleaned  or  combed,  the  top 
comb  7  is  placed  between  the  nipper  and  the  roller,  and  as  this  comb  falls  and 
penetrates  the  fleece  just  in  front  of  the  part  uncombed  by  the  cylindrical  combs 
it  prevents  any  waste  from  being  drawn  forward  with  the  tail  end  of  the  clean 

fibres.  .  •  1.  V 

The  leather  detaching  roller  Scr,  in  addition  to  its  occasional  contact  with  the 
fluted  segment  6c,  is  always  in  contact  with  the  fluted  steel  detaching  roller  8, 
and  participates  in  its  movements. 

Tluse  rollers  are  stationary  while  the  cylinder  combs  are  cleaning  the  fibres  pro- 
jecting from  the  nipper,  but  as  soon  as  that  operation  is  completed,  they  are  put  into 
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motion  and  make  part  of  a  revolution  backTvard,  taking  back  with  them  the  fibres 
revlously  combed,  but  taken  out  of  the  way  to  allow  the  cylinder  combs  to  pass,  n 
K  for  the  n«t  fibres  coming  forward  to  be  joined  or  pieced  to  them,  so  as  to 
oraer  lor  iiie  mj*.  b,  gogn      the  backward  movement  is  com- 


comcs  in  contact  with  the  fluted  segment  6c,  the  movement  of  the  fluted  roller 
is  reversed,  and  it  is  caused  to  turn  forward,  producing  a  corresponding  movement 
of  the  detaching  roller  8a,  the  speed  being  so  arranged  that,  before  they  are  allowed 
to  touch  each  other,  the  peripheries  of  the  fluted  segment  6c  and  the  rollei  8a 
travel  with  an  equal  velocity.  At  this  stage,  the  ends  of  the  fibres  cleaned  by  the 
cylinder  combs  and  projecting  from  the  nipper,  are  resting  upon  the  fluted  segment; 
and  the  roller  8(/,  in  coming  in  contact  with  it,  presses  upon  those  fibres,  and  imme- 
diately draws  them  forward  ;  the  front  ends  are  then  lifted  by  the  leather  roller  and 
p'aced  on  t^e  top  of  those  fibres  previously  cleaned,  and  brought  back  to  receive 
them  The  pressure  of  the  rollers  8  and  8a  completes  the  piecing  of  the  fibres; 
the  motion  of  the  rollers  being  continued  nntil  the  tail  end  of  the  fibres  is  drawn 
through  the  top  comb,  and  a  length  of  fibres  is  delivered  to  the  callender  rollers,— 
sufficient  slack  being  left  between  to  allow  for  the  next  backward  movement.  The 
roller  8a  is  then  raised  from  the  fluted  segment  and  ceases  to  revolve. 

Frnm  the  callender  rollers,  the  combed  cotton  passes  along  the  front  plate  or 
conductor,  where  it  joins  the  slivers  from  the  other  five  heads  of  the  machine,  and 
with  them  passes  through  the  drawing  head,  and  is  then  deposited  in  a  can  ready  to 
be  removed  to  the  drawing  frame. 

The  movements  above  described  being  necessary  for  each  beat  of  the  combing 
machine,  they  must  all  recur  each  second  of  time,  or  sixty  times  each  minute. 

Recapitulation. — The  combing  machine  is  fed  or  supplied  from  6  laps  of  cotton 
(each  lap  being  formed  from  about  18  slivers  from  the  breaker  carding  engines, 
and  doubled  into  a  lap  in  the  lap  machine).  Each  lap  is  8  inches  wide  and  about 
12  inches  diameter  when  full. 

The  following  description  of  the  manner  in  which  the  combing  machine  works  is 
confined  to  one  head  supplied  by  1  lap,  as  each  of  the  6  heads  shown  in  Jig.  594  is 
exactly  like  the  others. 

The  lap  of  cotton  having  been  placed  on  a  pair  of  revolving  lap  rollers,  the  fleece, 
or  sheet  of  cotton,  is  conducted  down  an  inclined  guide  to  a  fluted  steel  feeding  roller, 
which  places  the  cotton  between  the  open  jaws  of  an  iron  nipper.  The  nipper  is 
then  closed  and  made  to  approach  the  comb  cylinder,  by  means  of  a  cam,  where 
it  holds  the  fibres  in  such  a  position  that  the  combs  of  the  revolving  cylinder  pass 
between  and  remove  from  the  fibres  all  impurities  and  short  or  broken  cotton,  which 
are  afterwards  worked  up  into  yarns  of  a  coarser  quality. 

As  soon  as  the  combs  have  all  passed  through  the  cotton,  the  nipper  recedes  from 
the  cylinder,  and  as  soon  as  it  has  reached  the  proper  distance,  opens  its  jaws,  and 
allows  the  partially  combed  fibres  to  be  drawn  out  of  the  fleece,  by  means  of  a 
leather-covered  roller,  which  works  for  this  purpose  in  contact  with  the  fluted 
segment  on  the  comb  cylinder,  and  with  the  fluted  steel  detaching  roller.  The 
drawing  out  of  these  fibres  causes  the  ends  of  those  fibres  which  were  before  held  in 
the  nipper  to  pass,  between  the  teeth  of  a  fine  top  comb,  thus  completing  the 
combing  of  each  separate  fibre.  Previous  to  the  movement  for  drawing  out  the 
fibres  from  the  uncombed  fleece,  the  detaching  roller  has  made  a  partial  revolution 
backwards,  and  taken  with  it  the  combed  cotton  previously  delivered,  in  order  to 
piece  to  it  the  fibres  just  combed. 

The  machine  is  so  arranged  that  the  forward  movement  of  the  detaching  roller 
overlaps  the  ends,  and  brings  out  the  cotton  in  a  continuous  sliver  to  the  front  of 
the  machine,  where  it  joins  the  other  five  slivers  which  have  been  simultaneously 
produced  on  the  other  heads  of  the  machine.  The  united  slivers  then  pass  through 
the  drawing  head  to  the  next  operation  —  the  drawing  frame. 

77(e  drawing  and  doubling  are  the  next  process.  The  ends,  as  they  come  from  the 
cards,  are  exceedingly  tender  and  loose,  but  the  filaments  of  the  cotton  are  not  as  yet 
laid  so  parallel  with  each  other  as  they  need  to  be  for  machine  spinning.  Before  any 
degree  of  torsion  therefore  be  communicated,  a  previous  process  is  required  to  give  the 
filaments  a  level  arrangement  in  the  ribands.  The  drawing  out  and  doubling  accom- 
plish this  purpose,  and  in  a  manner  equally  simple  and  certain.  The  means  employed 
are  drawing-rollers,  whose  construction  must  here  be  fully  explained,  as  it  is  employed 
in  aU  the  following  machines ;  one  example  of  their  use  occurred,  indeed,  in  treatinir 
ot  the  cards.  ° 
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-  I-ct  n  and  bjiy.  595,  represent  the  section  of  two  rollers  lyinir 

over  each  other,  which  touch  with  a  regulated  pressure,  and  turn 
5    in  contact  upon  their  axes  in  the  direction  shown  by  the  arrows 
O?  '■""^'"^       ''^y  ^"'"^  °^      ^^'^''y  riband  presented  to  tlieni 

^"^^"^  "  through  between  them,  and  deliver  it  quite  un- 
changed     The  length  of  the  piece  passed  through  in  a  given 
4        time  will  be  equal  to  the  space  which  a  point  upon  the  circum- 
ference of  the  roller  would  have  percursed  in  the  same  time  j  that 
is,  equal  to  the  periphery  of  one  of  the  rollers  multiplied  by  the 
^  number  of  its  entire  revolutions.    The  same  thing  holds  with 

regard  to  the  transmission  of  the  riband  through  between  a 
second  pair  of  rollers,  c,  d,  and  a  third,  e,f.  Thus  the  said  riband  issues  from  the  third 
pair  exactly  the  same  as  it  entered  at  a,  provided  the  surface  speed  of  all  the  rollers 
be  the  same.  But  if  the  surface  speed  of  c  and  d  be  greater  than  that  of  a  and  b,  then 
the  first-named  pair  will  deliver  a  greater  length  of  riband  than  the  last  receives  and 
transmits  to  it.  The  consequence  can  be  nothing  else  in  these  circumstances  than  a 
regulated  drawing  or  elongation  of  the  riband  in  the  interval  betwixt  a,  h,  and  c,  d,  and 
a  condensation  of  the  filaments  as  they  glide  over  each  other,  to  assume  a  straight 
parallel  direction.  In  like  manner  the  drawing  may  be  repeated  by  giving  the  rollers 
e,f  a  greater  surface  speed  than  that  of  the  rollers  c  and  d.  This  increase  of  velocity 
may  be  produced,  either  by  enlarging  the  diameter,  or  by  increasing  the  number  of 
turns  in  the  same  time,  or  finally  by  both  methods  conjoined.  In  general  the  draw- 
ing-machine is  so  adjusted,  that  the  chief  elongation  takes  place  between  the  second 
and  third  pair  of  rollers,  while  that  between  the  first  and  second  is  but  slight  and 
preparatory.  It  is  obvious,  besides,  that  the  speed  of  the  middle  pair  of  rollers  can 
have  no  influence  upon  the  amount  of  the  extension,  provided  the  speed  of  the  first 
and  third  pair  remains  unchanged.  The  rollers,  a,  b,  and  c,  d,  maintain  towards  each 
other  continually  the  same  position,  but  they  may  be  removed  with  their  frame-work, 
more  or  less,  from  the  third  pair,  e,  f,  according  as  the  length  of  the  cotton  staple  may 
require.  The  distance  of  the  middle  point  from  b  and  d,  or  its  line  of  contact  with 
the  upper  roller,  is,  once  for  all,  so  calculated,  that  it  shall  exceed  the  length  of  the 
cotton  filaments,  and  thereby  that  these  filaments  are  never  in  danger  of  being  torn 
asunder  by  the  second  pulling  them  while  the  first  holds  them  fast.  Between  d  and  ./i 
•where  the  greatest  extension  takes  place,  the  distance  must  be  as  small  as  it  can  be 
without  risk  of  tearing  them  in  that  way  ;  for  thus  will  the  uniformity  of  the  drawing 
be  promoted.  If  the  distance  between  d  and /,  be  very  great,  a  riband  passing  through 
will  become  thinner,  or  perhaps  break  in  the  middle  ;  whence  we  see  that  the  drawing 
is  more  equable,  the  shorter  is  the  portion  submitted  to  extension  at  a  time,  and  the 
nearer  the  rollers  are  to  each  other,  supposing  them  always  distant  enough  not  to  tear 
the  staple. 

The  under  rollers  b,  d,f  are  made  of  iron,  and,  to  enable  them  to  lay  firmer  hold  of  the 
filaments,  their  surfaces  are  fluted  with  triangular  channels  parallel  to  their  axes.  The 
upper  rollers,  a,  c,  e,  are  also  made  of  iron,  but  they  are  smooth,  and  covered  with  a  dou- 
ble coating,  which  gives  them  a  certain  degree  of  softness  and  elasticity.  A  coat  of 
flannel  is  first  applied  by  sewing  or  gluing  the  ends,  and  then  a  coat  of  leather  in  the 
same  way.  The  junction  edges  of  the  leather  are  cut  slanting,  so  that  when  joined  by 
the  glue  (made  of  isinglass  dissolved  in  ale)  the  surface  of  the  roller  may  be  smoothly 
cylindrical.  The  top  rollers  are  sometimes  called  the  pressers,  because  they  press  by 
means  of  weights  upon  the  under  ones.  These  weights  are  suspended  to  the  slight  rods 
k' k-  of  which  the  former  operates  on  the  roller  e  alone,  the  latter  on  the  two  rollers 
a  and  c  together.  For  this  purpose  the  former  is  hung  to  a  c  shaped  curve,  i,  whose 
upper  hook  embraces  the  roller  e ;  the  latter  to  a  brass  saddle,  h,  which  rests  upon  a 
and  c.  A  bar  of  hard  wood,  g,  whose  under  surface  is  covered  with  flannel,  rests,  with 
merely  its  own  weight,  upon  the  top  rollers,  and  strips  off  all  the  loose  hanging  filaments. 
Similar  bars  with  the  same  view  are  made  to  bear  up  under  the  fluted  rollers  6,  d,f,  and 
press  against  them  by  a  weight  acting  through  a  cord  passing  over  a  pulley.  Instead 
of  the  upper  dust-covers,  light  wooden  rollers  covered  with  flannel  are  occasionally 

Were  the  drawing  of  a  riband  continued  till  all  its  fibres  acquired  the  desired  degree 
of  parallelism,  it  would  be  apt,  from  excessive  attenuation,  to  tear  across,  and  thereby 
to  defeat  the  purpose  of  the  spinner.  The  dilemma  is  got  rid  of  in  a  very  suuplc  way, 
namely,  by  laying  several  ribands  together  at  every  repetition  of  the  process  and  in- 
corporating them  by  the  pressure  of  the  rollers.  The  practice  is  called  doxMwg.  It 
is  an  exact  imitation  of  what  takes  place  when  we  draw  a  tuft  ot  cotton  wool  between 
our  fingers  and  thumb  in  order  to  ascertain  the  length  of  the  staple  and  replace  the 
drawn  filaments  over  each  other,  and  thus  draw  them  forth  again  and  again  till  they 
are  all  parallel  and  of  nearly  equal  length.    The  doubling  has  another  advantage, 
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U,at  of  causing  the  incc,..a.ltios  of  t^iek^^  in  Jhe  rU^^ 

their  thickt-r  to  their  thinner  portions,  and  thereby  FOdnung  ^    ^.^^  . 

The  drawing  fran.e.  as  shown  m  f'^J^ZA^^^^^^^^  U  are  the  weigh/s 

096  will  require,  alter  the  above  details,  little  tuitlier  cxpianauou. 
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which  press  down  the  top  rollere  upon  the  under  ones,  by  means  of  the  rods  kk'  and 
hook  i.    Each  fluted  roller  is,  as  shown  at  f,f<j.  597,  provided  in  the  middle  of  its 
length  -with  a  thinner  smooth  part  called  the  neck,  wht-reby  it  is  really  divided  into 
two  fluted  portions,  represented  by  ee  in  the  figure.    Upon  this  middle  neck  in  the 
pressure  rollers,  the  hook  i,  and  the  saddle  h  immediately  bear,  as  shown  in  the  former 
/;•(/.  595.   The  card-ends,  to  the  number  probably  of  six,  are  introduced  to  the  drawing 
■frame  either  from  tin  cans,  placed  at  ee,fi(j.597  ,  and  A,fg,  596.  or  from  lap-bobbins  ; 
and,  after  passing  through  it,  the  ribands  or  slivers  are  received  either  into  similar  tin 
cans  as  y,  or  upon  other  lap-bobbins  upon  the  other  side.     These  appendages  may  be 
readily  conceived,  and  are  therefore  not  exhibited  in  all  the  drawings.    Three  of  the 
.slivers  being  laid  together,  are  again  introduced  to  the  one  fluted  portion  a  b,fig.  595, 
and  three  other  slivers  to  the  other  portion.    The  sloping  curved  tin  or  brass  plate  s, 
fiij.  596,  with  its  guide  pins  t,  serves  to  conduct  the  slivers  to  the  rollers.    When  the 
two  threefold  slivers  have  passed  through  between  the  three  pairs  of  rollers,  and  been 
hereby  properly  drawn,  they  run  towards  each  other  in  an  oblique  direction,  behind 
the  last  roller  pair  ef,Jig.  595,  and  unite,  on  issuing  through  the  conical  funnel  m, 
Jiij.  596,  into  a  single  riband  or  spongy  sliver  ;  which  is  immediately  carried  off  with 
equable  velocity  by  two  smooth  cast-iron  rollers,  n  o.  Jigs.  596  and  597,  and  either 
dropped  into  a  can,  or  wound  upon  a  large  bobbin.    The  surface  speed  of  these 
rollers  is  made  a  trifle  greater  than  that  of  the  delivery  drawing  rollers,  in  order  to 
keep  the  portion  of  sliver  between  them  always  in  an  extended  state.    Four  fluted 
drawing  portions  are  usually  mounted  in  one  drawing  frame,  which  are  set  a-going 
or  at  rest  together.    To  save  all  unnecessary  carrying  of  the  cans  from  the  back  to  the 
front  of  the  frame,  the  drawing  heads  are  so  placed,  that  the  first  and  third  discharge 
their  slivers  at  the  one  side,  and  the  second  and  fourth  at  the  other.   By  this  arrange- 
ment, the  cans  filled  behind  one  head,  are  directly  pushed  aside  in  front  of  the  next 
drawing  head  ;  by  which  alternate  distribution  the  work  goes  on  without  interruption. 

The  fast  pulley  u.  Jig.  597,  by  which  the  whole  machine  is  driven,  derives  its  motion 
from  the  tnain  shaft  of  the  mill  by  means  of  the  band  w.  The  similar  pulley  z,  which 
sits  loose  upon  the  axis,  and  turns  independently  of  it,  is  called ihe  loose  pulley;  both 
together  being  technically  styled  riggers.  When  the  operative  desires  to  stop  the 
machine,  he  transfers  the  band  from  the  fast  to  the  loose  pulley  by  means  of  a  lever 
bearing  a  fork  at  its  end,  which  embraces  the  band.  Upon  y,  ibur  pulleys  .such  as  x 
are  fixed,  each  of  which  sets  in  motion  a  drawing  head,  by  means  of  a  band  like  lo 
going  round  the  pulleys  x  and  u.  On  account  of  the  inverted  position  of  the  heads, 
which  requires  the  motion  of  u  to  be  inverted,  the  bauds  of  the  first  and  third  heads 
are  open,  but  those  of  the  second  and  fourth  are  crossed.  Every  head  is  provided  with 
a  loose  pulley  v,  as  well  as  the  fast  pulley  u,  in  order  to  make  the  one  stop  or  move  with- 
out affecting  the  others.  The  shaft  of  the  pulley  u  is  the  prolonged  shaft  of  the  back- 
most fluted  roller/.  It  carries  besides  a  small  pulley  q,  which,  by  means  of  the  band 
r,  and  the  pulley  p.  Jig.  596,  sets  in  motion  the  undermost  condensing  roller  o.  'I'ho 
upper  roller  n,  presses  with  its  whole  weight  upon  it,  and  tlierefore  turns  bv  friction 
Vol   I.  3  K  • 
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The  toothed  wheel- work,  by  which  the  motions  are  communicated  from  the  backmost 
fluted  roller  to  the  middle  and  front  ones,  are  seen  \n  fig.  597. 

The  wheel  fjuj.  r.or),  of  20  teelli,  works  in  a  4-l^loothcd  carrier-wheel,  on  whose 
axis  there  are  two  snialk-r  wheels ;  2  with  20  tieth,  and  1  with  22  teeth.  The  wheel  (l,fi<i 
597,  of  the  middle  roller,  and  the  wheel  b  of  the  front  roller,  are  set  in  motion  by  other 
carrier  wheels  ;  the  first  has  27  teeth,  and  the  last  40.  For  every  revolution  of  6  the 
roller  </  makes  nearly  if  turns,  and  the  roller/,  4  revolutions.  The  top  rollers  revolve 
as  we  have  stated,  simply  by  the  friction  of  contact  with  the  lower  ones.  Now  suppose 
the  diameter  of  the  rollers  b  and  d  to  be  1  inch  or  12  lines,  that  of  /,  1;^  inch,  or  15 
lines,  the  surface  velocities  of  the  three  pairs  of  rollers  in  the  series  will  be  as  1,  If,' and  5. 
Every  inch  of  the  cotton  sliver  will  be  therefore  extended  between  the  first  and  second 
pairs  of  rollers  into  if  inches,  and  between  the  second  and  third  or  delivery  pair  into 
5  inches  ;  and  after  the  sliver  has  passed  through  all  the  four  drawing  heads,  its  length 
will  be  increased  625  times  =  5  x  5  x  5  x  5. 

The  further  the  drawing  process  is  pushed,  the  more  perfectly  will  its  object  be  ac- 
complished :  namely  the  parallelism  of  the  filaments.  The  fineness  of  the  appearance 
of  the  sliver  after  the  last  draught  depends  upon  the  number  of  doublings  conjointly 
with  the  original  fineness  and  number  of  drawings.  The  degree  of  extension  may  be 
increased  or  diminished,  by  changing  the  wheels  in  fiy.  403,  for  others  with  a  different 
number  of  teeth.  Thus  the  grist  or  fineness  of  the  sliver  may  be  modified  in  any  de- 
sired degree  ;  for,  when  the  subsequent  processes  of  the  mill  remain  the  same,  the  finer 
the  drawings  the  finer  will  be  the  yarn.  For  spinning  coarse  numbers  or  low  counts  for 
example,  six  card-ends  are  usually  transmitted  through  the  first  drawing  head,  and  con- 
verted into  one  riband.  Six  such  ribands  again  form  one  in  the  second  draught;  six 
.of  these  ai;ain  go  together  into  the  third  sliver ;  and  this  sliver  passes  five-fold  through 
the  last  draught.  By  this  combination  1080  of  the  original  card-ends  are  united  in  the 
finished  drawn  £liver  =  6  x  6  x  6  x  5.  The  fineness  of  the  sliver  is,  however,  in  conse- 
quence of  these  doublings-,  not  increased  but  rather  diminished.  For,  by  the  drawing, 
the  card-end  has  been  made  625  times  longer,  and  so  much  smaller ;  by  the  doubling 
alone  it  would  have  become  1080  times  thicker;  therefore  the  original  grist  is  to  the 
present  as  1,  to  the  fraction  ;  that  is,  supposing  1072  feet  of  the  riband  delivered 
by  the  card  to  weigh  one  pound,  625  feet,  the  sliver  of  the  last  drawing,  will  also  weigh 
a  pound,  which  corresponds  in  fineness  to  number  0'24,  or  nearly  :f. 

The  rearmost  or  last  drawing  roller  has  a  circumfer  nee  of  nearly  4  inches,  and 
makes  about  150  revolutions  per  minute ;  hence  each  of  these  drawing  heads  may 
turn  off  35,000  feet  of  sliver  in  12  hours. 

Fig.  598  is  a  drawing,  frame,  by  Hetherington  &  Sons,  similar  in  principle  of  action 
to fiy.  597  just  described,  but  containing  all  the  latest  improvements,  i.e.  greater 
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strength  of  materials ;  a  stop  motion  to  stop  the  frame,  when  a  sliver  breaks ;  a  roller 
plate  to  prevent  roller  laps.  The  coiler  motion,  by  means  of  which  the  sliver  is 
placed  in  the  can  in  circles  overlapping  each  other  on  the  principle  described  in  fig. 
599,  the  can  roving  frame  ;  4  rows  of  draught  rollers  instead  of  3  ;  and  lastly,  an 
apparatus  for  lifting  all  the  roller  weights  from  off  the  rollers  at  any  time  when  the 
frame  may  be  stopped.  . 

The  loss  which  the  cotton  suffers  in  the  drawing  frame  is  quite  inconsiderable.  It 
consists  of  those  filaments  which  remain  upon  the  drawing  rollers,  and  collect,  in  a  great 
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among  the  top  cleaning.,  ot  the  '''^!^'°f, f°i'°''-  ,„„,.l.„v,|„  i,re(rular  portions  occur  in 

undone  immediately,  as  in  the  tube-rovmg  machine.    In  f'^f*,  the  elongated  sU^ 
parallel  filaments  could  bear  little  further  <lfension  without  breaking  a  u^^ 
The  precaution  were  taken  to  condense  the  filaments  by  a  «  -s!^*  '  ^ 

same  time  to  entwine  them  together.  The  twistmg  should  positively  g°  ^^n  the 
than  to  fulfil  the  purpose  of  giving  cohesion,  otherwise  it  would  place  an  obstacle  in  the 
way  of  t?'e  future  attenuation  intt  level  thread.  The  combination  of  d.^g  and 
twisting  is  what  mainly  characterises  the  spinning  processes,  and  with  thishtth  opera- 
tion therefore  commences  the  formation  of  yarn.  As  however  a  sudden  extension  to 
the  wished-for  fineness  is  not  practicable,  the  draught  is  thnce  repeated  in  machine 
spinning,  and  after  each  draught  a  new  portion  of  torsion  is  given  to  the  yarn,  till  at 
last  it  possesses  the  degree  of  fineness  and  twist  proportioned  to  its  use. 

The  -stubbing  frame  (fig.  599)  is  the  first  machine  which  puts  ttSist  into  the  sliver, 
and  prepares  it  for  the  roving  frame,  which  in  its  prmciple  it  precisely  resembles. 
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The  preliminary  spinning  process  is  called  roving.  At  first  the  torsion  is  sliglit  in 
proportion  to  the  extension,  since  the  solidity  of  the  still  coarse  sliver  needs  that  cohe- 
sive aid  only  in  a  small  degree,  and  looseness  of  texture  must  be  maintained  to  facili- 
tate to  the  utmost  the  further  elongation. 

Fig.  600  is  a  section  of  the  can  roving  frame,  the  ingenious  invention  of  Ark  - 
Wright,  which  till  within  these  40  years 
was  the  principal  machine  for  communi- 
cating the  incipent  torsion  to  the  spongy 
cord  furnished  by  the  drawing  heads-  It 
difi^ers  from  that  frame. in  nothing  but 
the  twisting  mechanism  ;  and  consists  of 
two  pairs  of  drawing  rollers,  a  and  b, 
between  which  the  sliver  is  extended  in 
the  usual  way  ;  c  are  brushes  for  cleaning 
the  rollers;  and  d  is  the  weight  which 
presses  the  upper  set  upon  the  lower. 
The  wiping  covers  (not  shown  here  \ 
rest  upon  a  b.  The  surface  speed  of 
the  posterior  or  second  pair  of  rollers  is 
3,  4,  or  5  times  greater  than  that  of  the 
front  or  receiving  pair,  according  to  the 
desired  degree  of  attenuation.  Two  drawn 
slivers  were  generally  united  into  one  by 
this  machine,  as  is  shown  in  the  figure, 
where  they  are  seen  coming  from  the  two 
cansee,to  be  brought  together  by  the  pres- 
sure rollers,  before  they  reach  the  draw- 
ing rollers  a  b.  The  sliver  as  it  escapes' 
from  these  rollers,  is  conducted  into  the  revolving  conical  lantern  g,  through  the  funnel 
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/  !\t  its  top.  Tills  liuitc-vn-ciin  receives  its  motion  by  means  of  acord  passing  over  a 
pulley  It,  plaotd  a  little  wiiy  above  the  step  on  which  it  turns.    The  motion  is  steadied 
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lij'  the  collet  of  the  funnel/,  being 
embraced  by  a  brass  busk.  Such 
a  iiKu  liine  penerallycontained  four 
drawing  heads,  each  mounted  with 
two  lanterns ;  in  -whose  side  there 
was  a  door  for  taking  out  the  co- 
nical coil  of  roving. 

The  motion  imparted  to  the  back 
roller  by  the  band  pulley  or  rig- 
ger m,  was  conveyed  to  the  front 
one  by  toothed  wheel-vrork. 

The  vertical  guide  pulley  at  bot- 
tom II,  served  to  lead  the  driving 
band  descending  from  the  top  of 
the  frame  round  the  horizontal 
whorl  or  pulley  upon  the  under 
end  of  the  lantern.  The  operation 
of  this  can -frame  was  pleasing  to 
behold;  as  the  centrifugal  force 
served  both  to  distribute  the  soft 
cord  in  a  regular  coil,  and  also 
to  condense  a  great  deal  of  it  most 
gently  within  a  moderate  space. 
Whenever  the  lantern  was  filled, 
the  tender  carried  the  roving  to  a 
simple  machine,  where  it  was 
wound  upon  bobbins  by  hand. 
Notwithstanding  every  care  in 
this  transfer,  the  delicate  texture 
was  very  apt  to  be  seriously  in- 
jured, so  as  to  cause  corresponding 
injuries  in  every  subsequent  opera- 
tiou,  and  in  the  finished  yarn. 
Messrs.  Higgins,  of  Salford,  had 
the  singular  merit  as  we  have  said, 
of  superseding  that  beautiful  but 
defective  mechanism,  which  had 
held  a  prominent  place  in  all  cot- 
ton mills  from  almost  the  infancy 
of  the  factory  system,  by  the  fol- 
lowing apparatus. 

The  Bobbin  and  Fhj  frame  is 
now  the  great  roving  machine  of 
the  cotton  manufacture  ;  to  which 
may  be  added,  for  coarse  splnnmg, 
the  tube  roving  frame.  Of  such  a 
complicated  machine  as  the  bobbm 
and  fly  frame,  it  is  not  possible 
to  give  an  adequately  detailed  de- 
scription in  the  space  due  to  the 
subject  in  this  Dictionary.  Its 
mechanical  combinations  are  how- 
ever so  admirable  as  to  require 
such  an  account  as  will  make  its 
functions  intelligible  by  the  gene- 
ral render. 

Fiy.  601  exhibits  a  back  view 
of  this  machine ;  and  fig.  602  a 
section  of  some  of  the  parts  not 
very  visible  in  the  former  figure. 
The  back  of  the  machine  is  the 
side  at  which  the  cotton  is  intro- 
duced between  the  dra^.'^S 
The  cans,  filled  with  slivers  at  the  drawing  frame  ^''^  pl^^^^ 'xhf  sUver  of"  each 
B,  firj.  601,  in  rows  parallel  with  the  length  of  '^^^^."''''^"d^.^ted  upwards  along  the 
can  or  the  united  slivers  of  two  contiguous  cans  ai  e  c.mductea  i 
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surface  of  a  sloping  board  ./;  and  through  an  ironstaple  or  guide  betwixt  the  usual 
triple  pair  of  drawing  rollers,  the  first  of  which  is 
inclicated  by  a  b.  Irifii).  600,  for  the  purpose  of  sim- 
plifying the  figure,  the  greater  part  of  these  rolleis 
and  their  subordinate  parts  are  omitted.  After  the 
slivers  have  been  sufficiently  extended  and  attenu- 
ated between  the  rollers,  they  proceed  forwards,  to- 
^vards  the  spindles  i  i  i,  where  they  receive  the 
twist,  and  are  wound  upon  the  bobbins  h.  Ihe 
machine  delineated  contains  thirty  spiudles,  but  many 
bobbin  and  flv  frames  contain  double  or  even  four 
times  that  number.  Only  a  few  of  the  spindles  are 
shown  in  fy.  601,  for  fear  of  confusing  the  engraving. 

With  regard  to  the  drawing  functions  of  this  ma- 
chine, we  have  already  given  abundant  explanation, 
so  far  as  the  properties  and  operation  of  the  rollers 
are  concerned.  The  frame-work  of  this  part  of  the 
machine,  called  the  roller  beam,  is  a  cast  iron  bench, 
upon  which  nine  bearers  c,  are  mounted  for  carrying 
the  rollers.  The  fluted  rollers  a  a  a,  Jig.  603,  are 
constructed  in  four  pieces  for  the  whole  length,  which 
are  parted  from  each  other  by  thinner  smooth  cy- 

lindric  portions  z,  called  necks.  Seven  such  partings  for  ^     ,     „  e 

four  rollers,  and  one  parting  for  two  rollers,  constitute  together  the  30  fluted  rollers  ot 
which  the  whole  series  consists.  The  coupling  of  these  roller  subdivisions  mto  one 
cylinder,  is  secured  by  the  square  holes  x,  and  square  pins  y,  Jig.  60v3,  -which  fit  mto  the 
holes  of  the  adjoining  subdivision.  603 
The  top  or  pressure  rollers  b,  are  two- 
fold over  the  whole  set ;  and  the 
weighted  saddle  presses  upon  the  neck 
w,  which  connects  every  pair,  as  was 
already  explained  under  596.  These 
weights,  g  g.  Jig.  602,  are  applied  in  this  as  in  the  drawing  frame ;  d,  are  the  bara 
faced  with  flannel  for  cleaning  the  top  rollers.  A  similar  bar  is  applied  beneath  the 
rollers,  to  keep  the  flutings  clean.  .  . 

The  structure  and  operation  of  the  spindles  i  may  be  best  understood  by  examining 
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the  section ^3.  604.  They  are  made  of  steel,  are  cylindrical  from 
the  top  down  to  a^but  from  this  part  down  tothe  steel  tipt  rounded 
points  they  are  conical.  Upon  this  conical  portion  there  is  a  pulley, 
A,  furnished  with  two  grooves  in  its  circumference,  in  which  the  cord 
runs  that  causes  the  spindle  to  revolve.  The  wooden  bobbin  A,  is 
slid  upon  the  cylindrical  part,  which  must  move  freely  upon  it,  as 
will  be  presently  explained.  To  the  bobbin  another  two-grooved 
pulley  or  whorl  g  is  made  fast  by  means  of  a  pin  r,  which  passes 
through  it ;  by  removing  this  pin,  the  bobbin  can  be  instantly  taken 
off  the  spindle.  The  upper  end  of  the  spindle  bears  a  fork  s  t, 
which  may  be  taken  off  at  pleasure  by  means  of  its  left-handed 
screw  ;  this  fork  or  flyer,  has  a  funnel-formed  hole  at  v.  One 
arm  of  the  fork  is  a  tube  s,  u,  open  at  top  and  bottom  ;  the  leg 
is  added  merely  as  a  counterpoise  to  the  other.  In  fg.  602,  for  the 
sake  of  clearness,  the  forks  or  flyers  of  the  two  spindles  here  re- 
presented are  left  out;  and  in  Jig.  601  only  one  is  portrayed  for 
the  same  reason.  It  is  likewise  manifest  from  a  comparison  of 
these  two  figures  that  the  spiudles  are  alternately  placed  in  two 
rows,  so  that  each  spindle  of  the  back  range  stands  opposite  the 
interval  between  two  in  the  front  range.  The  object  of  this  dis- 
tribution is  economy  of  space,  as  the  machine  would  need  to  be 
greatly  longer  if  the  spindles  stood  all  in  one  line.  If  we  suppose 
the  spindles  and  bobbins  (both  of  which  have  independent  motions) 
to  revolve  simultaneously  and  in  the  same  direction,  their  opera- 
tion will  be  as  follows  :  The  sliver  properly  drawn  by  the  fluted 
rollers,  enters  the  opening  of  the  funnel  v,  proceeds  thence  down- 
wards through  the  hole  in  the  arm  of  the  fork,  runs  along  its  tube 
«,  4-,  and  then  winds  round  the  bobbin.  This  path  is  marked  in 
Jig.  604  by  a  dotted  line. 

The  rovolution  of  the  spindles  in  the  above  circumstances 
effects  the  twisting  of  the  sliver  into  a  soft  cord;  and  the  fiver 
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larly  its  tubular  arm  g,  lays  this  cord  upon  the  bobbin.    Were  the  snpod  nf 

sat;  n.  Z"'  ^"1  ^P'"'^'^'^'  sJ^ndTe  make  t 

same  number  of  turns  m  the  same  time,  the  process  would  be  limited  to  mere 
twisting.  But  the  bobbin  anticipates  the  flyers  little,  that  is,  it  makes  "  a 
given  time  a  somewhat  greater  number  of  revolutions  than  the  spindle,  and  therebv 
effects  the  contmuous  winding  of  the  cord  upon  itself.  Suppose  the  bobbin  to 
make  40  revolutions,  while  the  spindle  completes  only  30  ;  30  of  these  revolutions 
o  he  bobbin  will  be  inoperative  towards  the  winding-on,  because  the  flyers  follow 
at  that  rate,  so  that  the  cord  or  twisted  sliver  will  only  be  coiled  10  times  round  the 
bobbin,  and  the  result  as  to  the  winding-on  will  be  the  same  as  if  the  spindle  had  stood 
still,  and  the  bobbin  had  made  40-30  =  10  turns.  The  30  turns  of  the  spindles 
serve,  therefore,  merely  the  purpose  of  communicating  twist. 

The  mounting  and  operation  of  the  spindles  at  e  obviously  the  same  as  they  are  upon 
the  household  flax  wheel.  In  the  bobbin  and  fly  frame  there  are  some  circumstances 
which  render  the  construction  and  the  winding-on  somewhat  difficult,  and  the  mechan- 
ism not  a  little  comphcated.  It  may  be  remai-ked  in  the  first  place,  that  as  the  cord 
IS  wound  on,  the  diameter  of  the  bobbin  increases  very  rapidly,  and  therefore  every 
turn  made  round  it  causes  a  greater  length  of  roving  to  be  taken  up  in  succession 
Were  the  motions  of  the  bobbins  to  continue  unchanged  in  this  predicament,  the 
increased  velocity  of  the  winding-on  would  require  an  increased  degree  of  extension 
or  It  would  occasion  the  rupture  of  the  cord,  because  the  front  fluted  rollers  move 
with  uniform  speed,  and  therefore  deliver  always  the  same  length  of  sliver  in  the 
same  time.  It  is  therefore  necessary  to  diminish  the  velocity  of  the  bobbins,  or  the 
number  of  their  turns,  in  the  same  proportion  as  their  diameter  increases,  in  order 
that  the  primary  velocity  may  remain  unchanged.  Moreover  it  is  requisite  for  the 
proper  distribution  of  the  cord  upon  the  bobbin,  and  the  regular  increase  of  its  dia- 
meter, that  two  of  its  successive  convolutions  should  not  be  applied  over  each  other 
but  that  they  should  be  laid  close  side  by  side.  This  object  is  attained  by  the  up  and 
down  sliding  motion  of  the  bobbin  upon  the  spindle,  to  the  same  extent  as  the  length 
of  the  bobbin  barrel.  This  up  and  down  motion  must  become  progressively  slower 
since  it  increases  the  diameter  of  the  bobbin  at  each  range,  by  a  quantity  equal  to  the 
diameter  of  the  sliver.  What  has  now  been  stated  generally,  will  become  more  in- 
telligible by  an  example. 

Let  it  be  assumed  that  the  drawing  rollers  deliver,  in  10  seconds,  45  inches  of 
roving,  and  that  this  length  receives  30  twists.  The  spindles  must,  in  consequence, 
make  30  revolutions  in  10  seconds,  and  the  bobbins  must  turn  with  such  speed,  that 
they  wind  up  the  45  inches  in  10  seconds.  The  diameter  of  the  bobbin  barrels  being 
1^  inches,  their  circumference  of  course  4^  inches,  they  must  make  1 0  revolutions  more 
in  the  same  time  than  the  spindles.  The  effective  speed  of  the  bobbins  will  be  thus 
30-1-10=40  turns  in  10  seconds.  Should  the  bobbins  increase  to  3  inches  diameter, 
by  the  winding-on  of  the  sliver,  they  will  take  up  9  inches  at  each  turn,  and  con- 
sequently 45  inches  in  5  turns.  Their  speed  should  therefore  be  reduced  to  30  +  5  =  35 
turns  in  10  seconds.  In  general,  the  excess  in  number  of  revolutions  which  the 
bobbins  must  make  over  the  spindles  is  inversely  as  the  diameter  of  the  bobbins. 
The  speed  of  the  bobbins  must  remain  uniform  during  the  period  of  one  ascent  or 
descent  upon  their  spindle,  and  must  diminish  at  the  instant  of  changing  the  direction 
of  the  up  and  down  motion  ;  because  a  fresh  range  of  convolutions  then  begins  with 
a  greater  diameter.  When,  for  example,  30  coils  of  the  sliver  or  rove  are  laid  in  one 
length  of  the  bobbin  barrel,  the  bobbin  must  complete  its  vertical  movement  up  or 
down,  within  30  seconds  in  the  first  case  above  mentioned,  and  within  60  seconds  in 
the  second  case. 

The  motions  of  the  drawing  rollers,  the  spindles,  and  bobbins  are  produced  in  the 
following  manner : — A  shaft  c',figs.  601  and  602,  extending  the  whole  length  of  the 
machine,  and  mounted  with  a  fly-wheel  d',  is  set  in  motion  by  a  band  from  the  running 
pulley  upon  the  shaft  of  the  mill,  which  actuates  the  pulley  a',  b'  is  the  loose  pulley 
upon  which  the  band  is  shifted  when  the  machine  is  set  at  rest  Within  the  pulley  a', 
but  on  the  outside  of  the  frame,  the  shaft  c'  carries  a  toothed  wheel  h\  with  50  teeth, 
which  by  means  of  the  intermediate  wheel  c'  turns  the  wheel  d'  upon  the  prolonged 
shaft  of  the  backmost  fluted  roller  (m^fiy-  602).  This  wheel,  dr,  has  usually  54  teeth  : 
but  it  may  be  changed  when  the  roove  is  to  receive  more  or  less  twist ;  for  as  the 
spindles  revolve  with  uniform  velocity,  they  communicate  the  more  torsion  the  less 
length  of  sliver  is  delivered  by  the  rollers  in  a  given  time.  Upon  the  same  shaft  with 
d;  a  pinion,  e',  of  32  teeth  is  fixed,  which  works  in  a  wheel,/',  of  72  teeth.  Within 
the  frame  a  change  pinion,  g^,  is  made  fast  to  the  shaft  of/^  This  pinion,  which  has 
usually  from  24  to  28  teeth,  regulates  the  drawing,  and  thereby  the  fineness  or  number 
of  the  roving.  It  works  in  a  48-toothed  wheel,  /l^  upon  the  end  of  the  backmost  fluted 
roller  a,  jig.  602.    The  other  extremity  of  the  same  roller,  or,  properly  speaking,  line  of. 
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roMer«  cavrios  a  pinion,  l\  furnished  uitli  26  teeth,  ^vhich,  by  means  of  the  broad  in- 
[eSiaTwlLel  sets  n  motion  the  pinion  l'  of  22  teeth  upon  he  muldle  roller. 
Wl  ^n  he  diameter  of  all  the  drawing  rollers  is  the  same,  suppose  1  mch,  their  propor- 
tio  al  veloc  t^s  vill  be,  with  the  above  number  of  teeth  in  the  wheel  work,  .f  <,  have 
oTith  as  1  18  :  4  5  ;  and  the  drawn  sliver  will  have4i  times  Us  original  length. 
Thl  fit  or  de  ivery  rol  er  of  the  drawing  frame  is  of  late  years  usually  made  1^  or 
rnchcs\°  d  ame  er'    If  625  feet  of  the  Oliver  from  the  draw  ng  frame  wej^^^^^^  one 


roai 

°"The''spfnXsT(  fe.  601  and  602)  rest  with  their  lower  ends  in  steps,  I,  which  are 
fixed  in  an  immovable  beam  or  bar  m.  To  protect  it  from  dust  and  cotton  hlaments, 
this  beam  is  furnished  with  a  wooden  cover  v,  in  which  there  are  small  holes  for  the 
passage  of  the  spindles  right  over  the  steps.  In./?*/.  602,  two  of  the  eight  covers  n,  which 
compose  the  whole  range  m,  are  removed  to  let  the  steps  be  seen.  The  cylindrical  part 
of  each  spindle  passes  through  a  brass  rlngo  ;  and  all  these  30  rings,  whose  centres 
must  be  vertically  over  the  steps  /,  are  made  fast  to  the  copping  beam  p.  This  beam 
is  so  called,  because  it  is  destined  not  merely  to  keep  the  spindles  upright  by  the  rings 
attached  to  it,  but,  at  the  same  time,  to  raise  aud  lower  along  the  spindles  the  bobbins 
which  rest  on  these  rings ;  for  which  purpose  the  two  racks,  or  toothed  bars,  m'  nr, 
made  fast  to  it,  are  designed,  as  will  be  presently  explained.  To  effect  the  revolution 
of  the  spindles,  there  are  attached  to  the  main  shaft  e  two  whorls  or  pulleys,  e'f,  each 
bearing  four  grooves  of  equal  diameter.  Each  of  these  pulleys  puts  one  half  of  the 
spindles  in.  motion,  by  means  of  a  cord,  which  after  going  round  the  whorls  /•,  turns 
four  times  about  the  pulleys  of  the  shaft  c'.  Two  guide  pulleys,  h',  each  four-grooved, 
and  two  others,  i',  with  a  single  groove,  which  turn  independently  of  the  others  upon 
the  above  shaft,  serve  to  give  the  whorl  cords  the  proper  direction,  as  well  as  to  keep 
tUem  tight.  Tlie  spindles  revolve  200  times  or  thereby  in  the  minute  ;  and  therefore 
impart  two  turns  or  twists  to  every  three  inches  of  the  roving. 

The  revolution  of  the  bobbins  is  independent  of  that  of  the  spindles,  although  it  like- 
wise proceeds  from  the  shaft  c',  and  differs  from  it  by  being  a  continually  retarded 
motion.  The  simplest  method  of  effecting  this  motion,  is  by  means  of  the  wooden  or 
tin  plate  cone  k',  which  revolves  equally  with  the  shaft  c',  and  at  the  same  time  slides 
along  it. 

The  manner  in  which  this  operates  is  shown  in  section  in  fiy.  605.  Here  -we  per- 
ceive the  rod  q-,  which  extends  from  the  base  towards  the  narrow  end  of  the  truncated 


606 


cone,  and  ;<»  a  forked  bearer  or  carrier  made  fast  to  the  shaft  c  by  a  screw,  which 
compels  the  cone  by  means  of  that  rod  to  obey  the  movement  of  c'.  In  the  large  end 
of  the  cone  there  is  an  aperture,  through  which  the  bearer  can  be  got  at.  The  smaller 
end  carries  outside  a  projection  o',  provided  with  a  groove,  which  is  embraced  by  the 
forked  end  of  the  rod  q',fig.  605,  that  serves  to  shove  the  cone  along  upon  the  shaft  c'. 
Directly  under  the  cone,  there  is  an  upright  round  pillar  p',  upon  which  the  holder  o' 
of  the  two  guide  pulleys  /',  is  adjustable,  A  bar  r'^  placed  alongside  of  the  holder, 
prevents  its  turning  round,  but  allows  it  to  slide  along  p'  by  friction.  The  weight  of  the 
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holder  and  the  pulley  is  snfficiont  to  distend  the  endless  band  w',  which  nins  from  the 
cone  k  ,  through  under  the  pulley  and  round  the  small  drum  m'  ou  the  shai't  «-  A 
pu  ley  or  whorl  with  four  grooves,  is  made  fast  by  means  of  a  tube  to  this  shaft  and 
slides  along  it  backwards  and  forwards,  without  eveiKceasing  to  follow  its  revolutions. 
1  he  shaft  possesses  for  this  purpose  a  long  fork,  and  the  interior  of  the  tube  a  corre- 
sponding tongue  or  catch.  There  is  besides  upon  the  tube  beneath  the  pulley  at  a 
groove  that  goes  round  it,  m  which  the  staple  or  forked  end  of  an  arm  like  v'Jig  GO  I 
made  fast  to  the  copping  beam  p,  catches.  By  the  up  and  down  movement  of  that 
beam,  the  pulley  t-  takes  along  with  it  the  arm  that  embraces  the  tube,  which  therefore 
rises  and  falls  equally  with  the  bobbins  h',  and  their  pulleys  or  whorls  q.  This  is 
requisite,  since  the  bobbins  are  made  to  revolve  by  the  pulleys  by  means  of  2  endless 
cords  or  bands. 


The  most  intricate  part  of  the  mechanism  is  the  adjustment,  by  which  the  revolution 


with  a  perfectly  uniform,  but  not  a  very  smooth  surface.  Upon  this  sheave,  a  smaller 
horizontal  pulley  a.-'  rubs,  whose  upper  face  is  covered  with  leather  to  increase  the  friction. 
The  under  end  of  the  shaft  if  of  the  pulley  x'  turns  in  a  step,  which  is  so  connected  with 
the  arm  v'  of  the  large  bent  lever  t'  v',  that  it  always  stands  horizontally,  whatever 
direction  the  arms  of  that  lever  may  assume.  The  shaft  f  is  steadied  at  top  by  an 
annular  holder  or  bush,  which  embraces  the  fast  arm  with  its  forked  end.  Upon  i  s 
opposite  side,  this  arm  carries  a  pulley  if,  upon  which  a  cord  goes,  that  is  made  fast  to 
the  holder  of  the  shaft  y\  and  loaded  with  the  weight  z'.  The  weight  presses  the 
pulley  j:'  against  the  surface  of  g,  in  such  wise  as  to  effect  the  degree  of  friction  necessary 
in  order  that  the  revolution  of  g'  may  produce  an  uninterrupted  revolution  in  x'.  A 
pinion  w',  whose  length  must  be  equal  at  least  to  the  semi-diameter  of  the  sheave  g',is 
placed  upon  the  under  end  of  the  shaft  y\  It  has  22  teeth,  and  takes  into  a  62-toothed 
horizontal  wheel  2^  Upon  the  upper  end  of  this  wheel  the  conical  pinion  a"  is  made 
fast,  which  may  be  changed  for  changing  the  speed,  but  usually  has  from  28  to  30  teeth. 
By  this  pinion  the  conical  wheel  6'  is  turned,  which  has  30  teeth,  and  whose  shaft  is  c^. 
This  shaft  carries  upon  its  opposite  end  a  six-leaved  pinion,  d',  which  takes  into  the 
calender  wheel  /^  formed  with  cogs  like  a  trundle,  upon  the  long  shaft  e\  In  Jig.  607 
the  wheel/'  is  exhibited  with  its  pinion  d^.  Here  we  may  remark  that  in  the  circum- 
ference of  the  wheel  there  is  a  vacant  place,  g^,  void  of  teeth.  When  by  the  motion  of 
the  wheel,  the  pinion  comes  opposite  to  this  opening,  it  turns  round  about  the  last  tooth 
of  the  wheel,  falls  into  the  inside  of  the  toothed  circle  marked  by  the  dotted  lines,  and 
thus  gives  now  an  inverse  movement  to  the  wheel  f,  while  itself  revolves  always  in  the 
same  direction.    This  reverse  motion  continues  till  the  opening     comes  once  more 
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opposite  to  the  pinion,  when  this  turns  round  about  the  last  tooth  of  that  side,  and  begins 
again  to  work  in  the  exterior  teeth.  Thus,  by  the  uniform  motion  of  rf'  and  its 
dependent  parts,  the  wheel with  its  shaft  revolves  alternately  to  the  right  hand 
and  the  left.  That  this  result  may  ensue,  the  shaft  of  the  pinion  must  be  able  to 
slide  endwise,  without  losing  its  hold  of  a' and  R  This  adjustment  is  effected  by 
placing  the  end  of  the  said  shaft,  nearest  ^l^  in  a  box  or  holder  i^,  in  which  it  can  turn, 
and  which  forms  a  vertical  tube  to  this  box,  as  a  downward  prolongation  which  is  fixed 
to  the  tail  cf  the  conical  pinion  a^.  Fig.  608  shows  this  construction  in  section  upon 
an  enlarged  scale.  The  second  bearer  of  the  shaft  nearest  d',  must  possess  likewise  the 
means  of  lateral  motion.  When  therefore  the  pinion  d?  shifts  through  the  opening 
of  the  wheel  outwards  or  inwards,  its  shaft  c\  makes  a  corresponding  small  angular 
motion  on  the  pivot  of  a%  by  means  of  the  tube  ;  a'  and  6»  remain  thereby  com- 
pletely in  gear  with  one  another. 

The  above-described  alternate  revolutions  of  the  wheel  /'  serve  to  produce  the  up 
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nml  down  motions  of  the  bobbins.  The  shaft  has  for  this  puri  ose  two  pu,.ons,  ,r 
"  h  chTvorl.  in  thenu  k  teeth  m=»r  of  the  copping  rail  p,  and  thus  alternately  ra.se  and 
k  it  with  the  bobbins  whieh  rest  npon  it.  The  weight  of  the  copp.ng  beam  and  all 
dependent  part,  is  poised  by  two  conntcrweighls  m',  whose  cords  run  over  the 
p  dleysTo^  o\fiu  GOhdnd  have  their  ends  made  fast  to  the  frame,  so  as  to  make  the 
SJward  motion  af  easy  as  the  downward.  The  two  upper  pulleys  out  of  the  three  of 
each  weight  are  fixed  to  the  frame  ;  the  under  one,  round  which  the  cord  first  runs,  is 
attached  to  the  copping  beam,  rising  and  falling  along  with  it.  ^ 

As  long  as  the  friction  disc  .r'  remains  at  the  same  height,  the  pulley  derives  its 
motion  from  the  same  circle  of  the  said  disc,  and  the  up  and  down  motion  ot  the  copping 
beam  is  also  uniform.  But  when  that  disc  ascends  so  as  to  describe  with  its  edge  a  small 
circle  upon  the  face  of  g',  its  motion  must  become  proportionally  more  slow.  This  is  the 
method  or  principle  of  retarding  the  copping  motions  of  the  bobbins.  It  has  been  shown, 
however,  that  the  rotation  of  the  bobbins  should  be  also  retarded  in  aprogressivemanner. 
This  object  is  effected  by  means  of  the  cone  k',  which,  as  the  band  w/  progressively 
approaches  towards  its  smaller  diameter,  drives  the  pulleys  or  whorls  q  of  the  bobbins 
with  decreasing  speed,  though  itself  moves  uniformly  quick  with  the  shaft  c'.  To  effect 
this  variation,  the  cone  is  shifted  lengthwise  along  its  shaft,  while  the  band  running 
upon  it  remains  continually  in  the  same  vertical  plane,  and  is  kept  distended  by  the 
weight  of  the  pulley  o'.  The  following  mechanism  serves  to  shift  the  cone,  -which  may 
be  best  understood  by  the  aid  of  the  figures  609,  6 1 0,  and  606.    A  long  cast  iron  bar  rn\ 
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which  bears  two  horizontal  projecting  puppets,  o'  o',  is  made  fast  to  the  front  upright 
face  of  the  copping  beam  a.  Through  the  above  puppets  a  cylindrical  rod  7i"  passes 
freely,  which  is  left  out  in  fig.  606,  that  the  parts  lying  behind  it  may  be  better  seen. 
Upon  this  rod  there  is  a  kind  of  fork,  p'p',  to  which  the  alternating  rack  bars  (/'  are 
made  fast.  The  teeth  of  these  racks  are  at  unequal  distances  from  each  other,  and  are 
so  arranged,  that  each  tooth  of  the  under  side  corresponds  to  the  space  between  two 
teeth  in  the  upper  side.  Their  number  depends  npon  the  number  of  coils  of  roving 
that  may  be  required  to  fill  a  bobbin  ;  and  consists  in  the  usual  machines  of  from  20 
to  22.  The  rod  n'  may  be  shifted  in  the  puppet  like  the  fork  of  the  rack-rod, 
upon  the  rod  n"  and  along  the  surface  of  m",  where  two  wings  w'  are  placed  to  keep 
the  fork  in  a  straight  direction.  ITpon  the  bar  yn^,  there  are  the  pivots  or  fulcra  of  two 
stop  catches  tvr'  x\  of  which  the  uppermost  presses  merely  by  its  own  weight,  but  the 
undermost  by  means  of  a  counterweight against  the  rack,  and  causes  them  thus  to 
fall  in  between  the  teeth.  Jn  fig.  610,  shows  the  pivot  of  the  catch  or  detent  u;'  by 
itself,  the  detent  itself  being  omitted,  to  render  the  construction  plainer.  A  pushing 
rod  P,  upon  which  there  is  a  pin  above  at  s^  that  passes  behind  the  rack  rod,  between 
this  and  the  bar  7/1',  has  for  its  object  to  remove  at  pleasure  the  one  or  the  other  of  the 
two  catches  ;  the  upper,  when  the  upper  end  of  the  rod  pushes  against  it ;  the  under,  by 
means  of  the  above  mentioned  pin  Both  the  catches  are  never  raised  at  once,  but 
either  the  under  or  the  upper  holds  the  rack  bar  fast  by  pressing  against  one  of  the 
teeth.  The  vertical  motion  up  or  down,  which  the  rod  P  must  take  to  effect  the  lifting 
of  the  catches,  IS  given  to  it  from  the  copping  beam  ;  since  upon  it  a  horizontal  arm 
v  ,fig.  610,  IS  fixed,  that  lays  hold  of  that  rod.  Upon  the  pushing  rod  are  two  rin-s 
h  and  k,  each  made  fast  by  a  screw.  When  the  copping  beam  is  in  the  act  of  going 
up  the  arm  at  the  end  of  this  movement  pushes  against  the  ring  R  raises  ud  the 
rod  / ,  and  thus  removes  the  catch  w\  fig.  606,  from  the  teeth  of  the  rod  q\  before 
which  It  lies  flat.  At  the  descent  of  the  copping  rail,  v^-  meets  the  ring  k',  when  the 
motion  in  this  direction  is  nearly  completed,  draws  down  the  rod  P  a  little,  by  means  of 
the  same,  and  thereby  eff-ects  the  removal  of  the  catch  x\  fig.  610,  fron  the  rod  „° 
Every  time  that  one  of  the  catches  is  Uftcd,  the  rack  rccovci^  its  frJedom  to  advance  a 
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e  tooO,  0.?  f  °^  ^l'"  r'"^'  '  '  •  "'''"^'J''  '^'^  ^at'^h  lays  hold  upon 
Uu.  tooth  that  next  meets  U.  The  reason  is  thus  manifest  why  the  teeth  of  the  upper  and 
under  sides  of  the  bar  9'  are  not  right  opposite  to  eaeh  other,  but  in  an  ahernate  pos  tfon 

From  the  rack-bar,  the  sliding  of  the  cone  and  tl»  raising  of  the  shafr,/  eac  bv 
minute  steps  at  a  time,  is  produced  as  follows  :  —  fa       <=  «>"'"i  V ,  eacn  oy 

A  large  rectangular  lever  t<,  v',  whose  centre  of  motion  is  at  p\  has  at  the  upper  end 

009,  GIO,)  so  that  the  lever  must  follow  the  motions  of  the  rack  bar.    The  end  of  the 


bobbins  will  become  slower.  Upon  the  cylindrical  rod  «^  the  piece  s'  *>  furnished 
with  a  long  slot  is  made  fast,  by  means  of  a  tube  z'  (Jig.  606),  and  a  screw.  A  fork 
u  «,  which  by  means  of  the  screw  nut  a*  is  made  fast  in  the  slot,  embraces  the  arm  of 


consequence  of  this  arrangement,  every  time  that  the  pushing  bar  P  lifts  up  one  of  thi 
catches,  the  cone  k\  the  lever  0  v\  and  by  it  the  rack  bar  q\  are  set  in  motion.  It  i^ 
obvious  that  the  motion  of  the  cone  may  be  made  greater  or  less,  according  as  the 
fork  u  w  is  fixed  further  up  or  down  in  the  slot  of 

The  number  of  the  teeth  upon  the  bar  gr',  is  so  ordered,  that  the  bobbins  are  quite  full 
when  the  last  tool  h  has  reached  the  catch  and  is  released  by  it.  The  rack  bar,  being  re- 
strained  by  nothing,  immediately  slides  onwards,  in  consequence  of  the  traction  of  the 
weight /^  and  brings  the  machine  to  repose  by  this  very  movement,  for  which  purpose 
the  following  construction  is  employed.  A  rectangular  lever  which  has  its  centre  of 
motion  in  g*  is  attached  to  the  side  face  of  the  beam  A,  and  has  at  the  end  of  its  hori- 
zontal arm  a  pulley  d\  over  which  the  cord  of  the  counterweight is  passed.  The 
end  of  the  perpendicular  arm  is  forked,  and  embraces  the  long  and  thin  rod  k',  to  whose 
opposite  end  the  fork  /'  is  made  fast.  Through  this  fork  the  band  which  puts  the 
machine  in  motion  passes  down  to  the  pulley  a\  With  the  bent  lever  another  rod  c* 
is  connected  at  h\  which  lies  upon  the  puppet  with  a  slot  at  e\  and  hereby  keeps  the 
lever  g*  in  its  upright  position,  notwithstanding  the  weight  f\  In  the  moment  when, 
as  above  stated,  the  rack  bar  g'  becomes  free,  the  arm  p"  of  its  fork  pushes  in  its  rapid 
advance  against  the  under  oblique  side  of  e*,  raises  this  rod,  and  thereby  sets  the  lever 
free,  whose  upright  arm  bends  down  by  the  traction  of  the  weight,  drives  the  rod  A' 
before  it  into  the  ring  i*  fastened  to  it,  and  thus  by  means  of  the  fork  I*  shifts  the  band 
upon  the  loose  pulley  6'.  But  the  machine  may  be  brought  to  repose  or  put  out  of  gear 
at  any  time  merely  by  shifting  the  rod  k*  with  the  hand. 

The  operation  of  the  bobbin  and  fly  frame  may  be  fully  understood  from  the  preced- 
ing description.  A  few  observations  remain  to  be  made  upon  the  cone  k',  the  rack-bar 
5',  and  the  speed  of  the  work. 

When  we  know  the  diameter  of  the  empty  bobbins,  and  how  many  turns  they  should 
make  in  a  given  time  in  order  to  wind-on  the  sliver  delivered  by  the  fluted  rollers  and 
the  spindles  ;  when  we  consider  the  diameters  of  the  spindle  pulleys  q,  and  f,  as  also 
the  drum  7u\fig.  606,  we  may  easily  find  the  diameter  which  the  cone  must  have  for 
producing  that  number  of  turns.  This  is  the  diameter  for  the  greatest  periphery  of  the 
base.  The  diameter  of  the  smaller  is  obtained  in  the  same  way,  when  the  diameter 
of  the  bobbins  before  the  last  winding -on,  as  well  as  the  number  of  turns  necessary  in 
a  given  time,  are  known. 

A  bobbin  and  fly-frame  of  the  construction  just  described  delivers  from  each  spindle 
in  a  day  from  6  to  8.  lbs  of  roving  of  the  fineness  of  1^  English  counts.  One  person 
can  superintend  two  frames,  piece  the  broken  slivers,  and  replace  the  full  bobbins  by 
empty  ones.  The  loss  of  cotton  wool  in  this  machine  consists  in  the  portions  carried 
off  from  the  torn  slivers,  and  must  be  returned  to  the  lapping  machine. 

Jlie  fine  bobbin  and  fly  frame  does  not  difi'er  essentially  from  the  preceding  machine. 
The  rovings  from  the  coarse  bobbin  and  fly  frame  are  placed  in  their  bobbins  in  a  frame 
called  the  creel,  behind  and  above  the  roller  beam,  two  bobbins  being  allowed  for  one 
fluted  portion  of  the  rollers.  These  rovings  are  united  into  one,  so  as  to  increase  the 
uniformity  of  the  slivers.  _  . 

The  invention  of  the  beautiful  machine  above  described  is  due  to  Messrs.  Higgins  of 
Manchester,  and  as  improved  by  Henry  Houldsworth,  Esq  ,  it  may  be  considered  the 
most  ingeniously  combined  apparatus  in  the  whole  range  of  productive  industry. 

In  the  fine  roving  frame  the  sliver  is  twisted  in  the  contrary  direction  to  that  of  the 
coarse  roving  frame.  For  this  reason  the  position  of  the  cone  is  reversed,  so  as  to  pro- 
seut  in  succession  to  the  band  or  strap,  diameters  continually  greater,  in  order  that  the 
roUitiou  of  the  bobbins  may  be  accelerated  in  proportion  as  their  size  is  increased, 
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because  here  the  flyer  and  t^e  boljin  tanjjn  rt.        -^-Jj^^  ^^^^^f^ 

i:,SeM,fd'as  rhfrrsf  b^bbi^^^^^^^  is,  jf  the  flyer  L.ed  less 

S  S  than  the  bobbin,  the  rotatory  speed  of  the  bobbin  ^.ould  be  uniformly  retarded ; 
iu  which  case  the  cone  would  be  disposed  as  in  the  coarse  frame  . 

When  by  any  means  whatever  an  uniform  length  of  thread  is  delivered  by  the  rollers 
in  a  given  time!  the  bobbin  must  wind  it  up  as  it  is  given  out,  and  "^"f^^^^f/", 
with  a  speed  decreasing  with  the  increase  of  its  diameter  by  successive  layers  of  thread 
Hence  proceeds  the  proposition,  that  the  velocity  of  the  bobbin  must  be  m  the  inverse 

twist  is  .iven  to  the  £r^ 

-rert^^rn^^^h^ 

the  flyer  turns  faster  than  the  bobbin.  Here  the  winding-on  goes  in  advance,  as  in 
the  coarse  roving  frame,  or  as  in  throstle  spinning,  where  the  yarn  is  wound  on 
merely  in  consequence  of  the  friction  of  the  lower  disc  or  washer  of  the  bobbin  upon  the 
copping  rail,  and  of  the  drag  of  the  yam.  The  second  case  is  where  the  flyer  revolves 
more  sTowly  than  the  bobbin.  Here  the  winding  goes  on  in  arrear,  and  as  the  bobbin 
turns  faster,  it  must  receive  a  peculiar  motion,  which  is  uniformly  retarded  in  the  ratio 
of  its  increase  of  diameter.  This  is  the  case  with  the  fine  bobbin  and  fly  frame.  When 
the  cone  is  placed  as  in  Jig.  601,  the  winding-on,  in  either  the  coarse  or  fine  frame, 
results  from  the  difi'erence,  whether  greater  or  less,  between  the  rotatory  speed  ot  the 

flyer  and  bobbin.  ,    ,       i      •  ^t. 

The  motion  of  the  bobbin  and  spindle  is  simultaneous,  and  takes  place  m  the  same 
direction,  with  a  difference  varying  more  or  less  with  the  varying  diameters  of  the 
bobbins.  To  render  the  matter  still  clearer,  suppose  for  a  moment  the  spindle  to  be 
motionless,  then  the  bobbin  must  revolve  with  such  a  speed  as  to  lap-on  the  roving  as 
fast  as  the  rollers  deliver  it.  The  sliver  comes  forward  uniformly;  but  the  bobbin,  by 
its  increase  of  diameter,  must  revolve  with  a  speed  progressively  slower.  Now,  sup- 
pose the  spindle  set  a-whirling,  it  is  obvious  that  the  bobbin  must  add  to  the  movement 
requisite  for  winding-on  the  sliver,  that  of  the  spindle  in  the  case  of  winding-on  in 
arrear,  or  when  it  follows  the  flyers,  and  subtract  its  own  motion  from  the  twisting 
motion  of  the  spindles  in  the  case  of  winding-on  in  advance,  that  is,  when  the  bobbin 
precedes  or  turns  faster  than  the  flyers;  for  the  diameter  of  the  bobbin  being  1^ 
inch,  10  turns  will  take  up  45  inches,  Deducting  these  ten  turns  from  the  30  made 
by  the  spindle  in  the  same  time,  there  will  remain  for  the  efi'ective  movement  of  the 
bobbin  only  20  turns ;  or  when  the  diameter  of  the  bobbin  becomes  3  inches,  5  turns 
will  take  np  the  45  inches,  if  the  spindle  be  at  rest  ;  but  if  it  makes  30  turns  in  the 
time,  the  effective  velocity  of  the  bobbin  will  be  25  turns,  =  30 —  5.  Hence  in  the 
fine  bobbin  and  fly  frame,  the  number  of  turns  of  the  spindle,  minus  the  number  of 
turns  made  by  the  bobbin  in  equal  times,  is  in  the  inverse  ratio  of  the  diameter  of  the 
bobbin.  We  thus  perceive,  that  in  the  coarse  frame  the  bobbin  should  move  faster 
than  the  spindle,  and  that  its  speed  should  always  diminish  ;  whilst  in  the  fine  frame 
the  bobbin  should  move  slower  than  the  spindle,  but  its  speed  should  always  increase. 
It  is  easy  to  conceive,  therefore,  why  the  cones  are  placed  in  reverse  directions  in  the 
two  machines.  Not  that  this  inversion  is  indispensably  necessary  ;  the  cone  of  the  fine 
roving  frame  might,  in  fact,  be  placed  like  that  of  the  coarse  roving  frame  ;  but  as 
the  torsion  of  the  roving  becomes  now  considerable,  and  as  on  that  account  the  bobbin 
would  need  to  move  still  faster,  which  would  consume  a  greater  quantity  of  the  moving 
power,  it  has  been  deemed  more  economical  to  give  its  movement  an  opposite  direction. 

We  mentioned  that  the  twist  of  the  sliver  in  the  fine  roving  frame  was  the  reverse  of 
that  in  the  coarse;  this  is  a  habit  of  the  spinners,  for  which  no  good  reason  has  been  given. 

The  divisions  of  the  rack-bar,  and  the  successive  diameters  of  the  cone,  must  be 
nicely  adjusted  to  each  other.  The  first  thing  to  determine  is  how  much  the  rack  should 
advance  for  every  layer  or  range  of  roving  applied  to  the  bobbin,  in  order  that  the  cone 
m^y  occupy  such  a  place  that  the  strap  which  regulates  the  pulley  barrel  may  be  at  the 
proper  diameter,  and  thus  fulfil  every  condition.  The  extent  of  this  progressive  move- 
ment of  the  rack  depends  upon  the  greater  or  less  taper  of  the  cone,  and  the  increase 
which  the  diameter  of  the  bobbin  receives  with  every  transverse,  that  is,  every  layer 
of  roving  laid  on.  But  care  should  be  taken  not  to  taper  the  cone  too  rapidly,  especially 
in  the  fine  roving  frame,  because  in  its  progress  towards  the  smaller  end  the  strap 
would  not  slide  with  certainty  and  ease.  We  have  already  shown  that  the  number  of 
efi'ective  turns  of  the  bobbin  is,  inversely,  as  the  diameter  of  the  bobbin,  or  directly,  as 
the  successive  diameters  of  the  different  points  of  the  cone. 

H.  Houldsworth,  Esq.,  has  introduced  a  capital  improvement  into  the  bobbin  and 
fiy  frame,  by  his  difi'erential  or  equation-box  mechanism,  and  by  his  spring  fingers, 
which,  by  pressing  the  soft  sliver  upon  the  bobbin,  cause  at  least  a  double  quantity  to 
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be  wound  upon  its  barrel,  With  the  descrijUion  of  his  patent  equation-box,  we  shall 
conclude  the  description  of  tlie  bobbin  and  fly  frame; 

I'lg.  61 1  represeuts  a  portion  of  a  fly  frame  with  Mr.  Houldsworth's  invention 
a  «  a  are  the  front  drawing  rollers,  turning  upon  beatings  in  tht  top  of  the  machine' 
^  and  worked  by  a  tram  of  toothed  wheels,  in  the  way  that  drawing  rollers  are  usually 
actuated.  •' 

From  the  drawing  rollers,  the  filaments  of  cotton  or  other  material,  h  b,  are  brou-ht 
down  to,  and  passed  through  the  arms  of  the  flyers  c  c,  mounted  on  the  tops  of  the 
spindles  d  d,  which  spindles  also  carry  the  loose  bobbins  e  e.  In  the  ordinary  mode  of 
constructing  such  machines,  the  spindles  are  turned  by  cords  or  bands  passing  from  a 
rotatory  drum  round  their  respective  pulleys  or  whorls/  and  the  loose  bobbins  e,  turn 
with  them  by  the  friction  of  their  slight  contact  to  the  spindle,  as  before  said  ;  in  the 
improved  machine,  however,  the  movements  of  the  spindles  and  the  bobbins  are  inde- 
pendent and  distinct  from  each  other,  being  actuated  from  different  sources. 

The  main  shaft  of  the  engine  g,  turned  by  a  band  and  rigger  a  as  usual,  communicates 
motion  by  a  train  of  wheels  h,  through  the  shaft  i,  to  the  drawing  rollers  at  the  reverse 
end  of  the  machine,  and  causes  them  to  deliver  the  filaments  to  be  twisted.  Upon 
the  main  shaft  g,  is  mounted  a  cylindrical  hollow  box  or  drum-pulley,  whence  one  cord 
passes  to  drive  the  whorls  and  spindles /and  d,  and  another  to  drive  the  bobbins  e. 

This  cylindrical  box  pulley  is  made  in  two  parts,  k  and  /,  and  slipped  upon  the  axle 
•with  a  toothed  wheel  m,  intervening  between  them.  The  box  and  wheel  are  shown 
detached  mfig.  612,  and  partly  in  section  at  Jig.  613.    That  portion  of  the  box  with 


its  pulley  marked  I,  is  fixed  to  the  shaft  g ;  but  the  other  part  of  the  box  and  its  pulley 
k,  and  the  toothed  wheel  m,  slide  loosely  round  upon  the  shaft  g,  and  when  brought  in 
contact  and  confined  by  a  fixed  collar  n,  as  in  the  machine  shown  at  fig.  61 1,  they  con- 
stitute two  distinct  pulleys,  one  being  intended  to  actuate  the  spindles,  and  the  other 
the  bobbins. 

In  the  web  of  the  wheel  m,  a  small  bevel  pinion  o,  is  mounted  upon  an  axle  standing 
at  right  angles  to  the  shaft  g,  which  pinion  is  intended  to  take  into  the  two  bevel  pinions 
p  and  q,  respectively  fixed  upon  bosses,  embracing  the  shaft  in  the  interior  of  the  boxes  A- 
and  I.  Now  it  being  remembered  that  the  pinion  q,  and  its  box  /,  are  fixed  to  the  shaft 
g,  and  turn  with  it,  if  the  loose  wheel  m  be  independently  turned  upon  the  shaft  with 
a  different  velocity,  its  pinion  o,  taking  into  q,  will  be  made  to  revolve  upon  its  axle, 
and  to  drive  the  pinion  p  and  pulley  box  k,  in  the  same  direction  as  the  wheel  m;  and 
this  rotatory  movement  of  the  box  k  and  wheel  vi,  may  be  faster  or  slower  tluvu  the 
shaft  g,  and  box  /,  according  to  the  velocity  with  which  the  wheel  m  is  turned. 

Having  explained  the  construction  of  the  box  pulleys  k  and  /,  which  arc  the  peculiar 
features  of  novelty  claimed  under  this  patent,  their  office  and  advantiige  will  be  seen 
describing  the  general  movements  of  the  machiue. 
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Ths  main  shaft  a,  being  turned  by  the  band  and  rigger  a,  as  above  said  the  train  of 

contact  with  the  surface  of  the  cone  u,  and  causes  the  cone  to  reyolve  Jyjbe  fucdon 
of  the  band  running  against  it.  The  pulley  r  is  progressively  slidden  along  tl'e  sha  t 
fbv  means  of  a  rfck  and  weight  not  shown,  but  well  understood  as  common  m  this 
kiS  of  macWnes,  and  which  movement  of  the  pulley  is  for  the  purpose  of  progressively 

614 


shifting  the  band  s  from  the  smaller  to  the  larger  diameter  of  the  cone,  in  order  that 
the  speed  of  its  rotation  may  gradually  diminish  as  the  bobbins  fill  by  the  -windinc-on 
of  the  yarns. 
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♦„ol   f-!,    ?     ^  ""P"  "  P'"'°"  "    '^''^'J.  takes  into  tlio 

teeth  of  the  loose  wheel  m,  and  as  the  cone  turns,  drives  tlie  wheel  m  round  upon  the 
shaft  g  with  a  speed  dependent  always  upon  the  rapidity  of  llie  rotation  of  the  cone 
Now  the  box  pulley  /,  being  fixed  to  the  main  shaft  g,  turns  with  one  uniform  speed 
and  by  cords  passing  from  it  over  guides  to  the  whorls  /  drives  all  the  spindles  and 
llyers,  which  twist  the  yarns  with  one  continued  uniform  velocity ;  but  the  box  pulley  /i 
being  loose  upon  the  shaft,  and  actuated  by  the  bevel  pinions  within,  as  described  h 
made  to  revolve  by  the  rotation  of  the  wheel  m,  independent  of  the  shaft  and  with  -i 
different  speed  troui  the  pulley  box  /;  cords  passing  from  i  his  pulley  box /i,' over  guides 
to  small  pulleys  under  the  bobbins,  communicate  the  motion,  whatever  it  may  be  of  the 
pulley  box  A,  to  the  bobbins,  and  cause  them  to  turn,  and  to  take  up  or  wind  the  yarn 
with  a  speed  derived  from  this  source,  independent  of,  and  different  from,  the  speed  of 
the  spindle  and  flyer  which  twist  the  yarn. 

It  will  now  be  perceived,  that  these  parts  being  all  adjusted  to  accommodate  the 
taking  up  movements  to  the  twisting  or  spinning  of  any  particular  quality  of  yarn 
intended  to  be  produced,  any  variations  between  the  velocities  of  the  spinning  and 
taking  up,  which  another  quality  of  yarn  may  require,  can  easily  be  effected  by  merely 
changing  the  pinion  v  for  one  with  a  different  number  of  teeth,  which  will  cause  the 
wheel  m,  and  the  pulley  box  k,  to  drive  the  bobbins  faster  or  slower,  as  would  be  required 
in  winding-on  fine  or  coarse  yarn,  the  speed  of  the  twisting  or  spinning  being  the  same. 

The  rovings  or  spongy  cords,  of  greater  or  less  tenuity,  made  on  the  bobbin  and  fly, 
or  tube  roving  frame,  are  either  spun  immediately  into  firm  cohesive  yarn,  or  receive  a 
further  preparative  process  in  the  stretching  frame,  which  is,  in  fact,  merely  a  mule- 
jenny,  without  the  second  draught  and  second  speed,  and  therefore  need  not  be  described 
at  present,  as  it  will  be  in  its  place  afterwards. 

Fig.  614:  shows  the  latest  construction  of  a  bobbin  and  fly  frame,  as  made  by 
Messrs.  Higgins  and  Sons,  of  Manchester.  As  the  principle  of  action  is  similar  to  thiit 
already  described  it  only  needs  to  add  that  many  improvements  have  been  introduced 
by  the  makers,  as  will  be  seen  on  reference  to  the  engraving.  1  represents  a  front 
view  of  the  frame  ;  2  a  view  of  the  back  of  the  frame  ;  3  shows  the  driving  pulley  and 
gearing  end  ;  and  4  the  same  end  with  the  iron  casing  removed,  so  as  to  exhibit  the 
works  inside. 

The  spindles  and  bobbins  being  now  driven  by  gearing  instead  of  by  bands  as 
formerly,  and  greater  strength  of  materials  being  introduced  throughout  the  frame,  it 
is  capable  of  producing  a  better  quality  with  an  increased  quantity  of  rovings  than  was 
possible  formerly. 

Fig.  615  also  represents  a  similar  frame  for  rovings,  made  by  Hetherington  and 
Sons.    Its  action  is  the  same  as  that  already  described. 

615 


.  The  finix/mm  viachines  of  a  cotton  n.ill,  which  spin  the  cohesive  yam,  are  of  two 
classes  ;  1 ,  the  water-twist  or  throstle,  in  which  the  twisting  and  winding  are  performed 
simultaneously  upon  progressive  portions  of  the  roving;  and,  2,  the  mule  in  which  the 
thread  is  drawn  out  and  stretched,  with  little  twist,  till  a  certain  length  ot  about  5  feet 
is  extended,  then  the  torsion  is  completed,  and  the  finished  thread  is  immediately 
wound  upon  the  spindles  into  double  conical  coils  called  cops. 

The  water-twist  frame,  so  called  by  its  inventor,  Sir  R.  Arkwright,  because  i  was 
first  driven  by  water,  is  now  generally  superseded  by  ihe  throstle  frame,  in  which  the 
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meolmnical  spinning  fingers,  so  to  speak,  are  essentially  the  same  but  the  mode  of 
communicating  the  motion  of  the  mill-gca.ing  to  them  is  somewhat  different.  Fig. 
6IG  exhibits  a  vertical  section  of  the  tlirostle.  This  machine  is  double,  possessing 
upon  each  side  of  its  frame,  a  row  of  spindles  with  ail  their  subsidiary  parts.  1  he 
bobbins  filled  with  rovings  from  the  bobbin  and  fly,  or  the  tube  frame  are  set  up  in 
the  creel  a  a,  in  two  ranges,  b,  c,  d,  are  the  three  usual  pairs  of  drawing  rollers 
throun-h  which  the  yarn  is  attenuated  to  the  proper  degree  of  fineness,  upon  the  prin- 
ciples already  explained.  At  its  escape  from  the  iront  rollers,  every  thread  runs 
through  a  guide  eyelet  e  of  wire,  which  gives  it  the  vertical  direction  down  towards 
the  spindles  /',  g.  The  spindles,  which  perform  at  once  and  uninterruptedly  the  twist- 
ing and  winding-on  of  the  thread  delivered  by  the  rollers,  are  usually  made  of  steel, 
and  tempered  at  their  lower  ends  They  stand  at  g  in  steps,  pass  at  w  through  a  brass 
bush  or  collar  which  keeps  them  upright,  and  revolve  with  remarkable  speed  upon 
their  axes.  The  bobbins  h,  destined  to  take  up  the  yarn  as  it  is  spun,  are  stuck  loosely 
upon  the  spindles,  and  rest  independently  of  the  rotation  of  the  spindles  upon  the 
copping-beara  /,  with  a  leather  washer  between.  Upon  the  top  of  the  spindles,  an  iron 
wire  fork,  called  a  fly  or  flyer,  k,  is  made  fast  by  a  left-hand  screw,  and  has  one  of 
its  forks  turned  round  at  the  end  into  a  little  ring.  The  branch  of  the  flyer  at  /  is 
tubular,  to  allow  the  thread  to  pass  through,  and  to  escape  by  a  little  hole  at  its  side, 
in  order  to  reach  the  eyelet  at  the  end  of  that  fork.  From  this  eyelet  it  proceeds 
directly  to  the  bobbin.  By  the  twirling  of  the  spindle,  the  twisting  of  the  portion  of 
thread  between  the  front  roller  d,  and  the  nozzle  /,  is  effected.  The  winding-on 
takes  place  in  the  following  way: — Since  the  bobbin  has  no  other  connection  with  the 
spindle  than  that  of  the  thread,  it  would  but  for  it  remain  entirely  motionless,  relatively 
to  the  spindle.  But  the  bobbin  is  pulled  after  it  by  the  thread,  so  that  it  must  follow 
the  rotation  of  the  spindle  and  fly.  When  we  consider  that  the  thread  is  pinched 
by  the  front  roller  d,  and  is  thereby  kept  I'ully  upon  the  stretch,  we  perceive  that  the 
rotation  of  the  bobbin  must  be  the  result.  Suppose  now  the  tension  to  be  suspended 
for  an  instant,  while  the  rollers  d  deliver,  for  example,  one  inch  of  yarn.  The  inertia 
or  weight  of  the  bobbin,  and  its  friction  upon  the  copping  beam  /,  by  means  of  the 
leather  washer,  will,  under  this  circumstance,  cause  the  bobbin  to  hang  back  in  a  state 
of  rest,  till  the  said  inch  of  yarn  be  wound  on  by  the  whirling  of  the  fly  i,  and  the 
former  tension  be  restored.  The  delivery  of  the  yarn  by  the  drawing  rollers,  how- 
ever, does  not  take  place,  inch  after  inch,  by  starts,  but  at  a  certain  continuous  rate  ; 
whence  results  a  continuous  retardation  or  loitering,  so  to  speak,  of  the  bobbins  behind 
the  spindles,  just  to  such  an  amount  that  the  delivered  yiirn  is  wound  up  at  the  same 
time  during  the  rotation. 

This  process  in  spinning  is  essentially  the  same  as  what  occurs  in  the  fine  bobbin 
and  fly  frame,  but  is  here  simplified,  as  the  retardation  regulates  itself  according  to  the 
diameter  of  the  bobbin  by  the  drag  of  the  thread.  In  the  fly  frame  the  employment 
of  this  tension  is  impossible,  because  the  roving  has  too  little  cohesion  to  bear  the 
strain  ;  and  hence  it  is  necessary  to  give  the  bobbins  that  independent  movement  of 
rotation  which  so  complicates  this  machine. 

The  up  and  down  motion  of  the  bobbins  along  the  spindles,  which  is  required  for 
the  equal  distribution  of  the  yarn,  and  must  have  the  same  range  as  the  length  of  the 
bobbin  barrels,  is  performed  by  the  following  mechanism.  Every  copping  rail  /,  is 
made  fast  to  a  bar  m,  and  this,  which  slides  in  a  vertical  groove  or  slot  at  the  end' of 
the  frame,  is  connected  by  a  rod  «,  with  an  equal-armed,  movable  lever  o.  The  rod 
|»  carries  a  weight  r,  suspended  from  this  lever  ;  another  rod  q,  connects  the  great 
lever  o,  with  a  smaller  one  s,  t,  upon  which  a  heart-shaped  disc  or  pulley  a,  works  from 
below  at  <.  By  the  rotation  of  the  disc  i/,  the  arm  t,  being  pressed  constantly  down 
upon  It  by  the  reaction,  the  weight  r  must  alternately  rise  and  fall ;  and  thus  the  cop- 
ping rail  /  must  obviously  move  with  the  bobbins  h  up  and  down  ;  the  bobbins  upon 
one  side  of  the  frame  rising,  as  those  upon  the  other  sink.  Strictly  considered,  this 
copping  motion  should  become  slower  as  the  winding-on  proceeds,  as  in  the  fly-rovinfj 
Irame ;  but,  on  account  of  the  smallness  of  the  finished  thread,  this  construction,  which 
won  d  render  the  machine  complicated,  is  without  inconvenience  neglected,  with  the 
result  merely  that  the  coils  of  the  yarn  are  successively  more  sparsely  laid  on,  as  the 
diameter  of  the  bobbin  increases.  r       j  ,  c 

The  movement  ot  the  whole  machine  proceeds  from  the  shaft  of  a  horizontal  drum, 
Z\  h  \  /""if    n  by  means  of  the  endless  bands  x  x.    Each  spindle  is  mounted 

round  tw  ir  f'^  or  wharf  at  its  lower  part,  and  a  particular  band,  which  goes 
round  that  wharf  or  whorl,  and  the  drum  y.  The  bands  are  m,t  drawli  tense  but 
.vtifhf  tI!"  ^  somewhat  slanting  direction,  being  kept  distended  only  by  their  own 
we  ght.    Ihus  every  spindle,  when  its  thread  breaks,  can  readily  be  stojt  alone  bv 
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riio  velocities  of  rotation  of  the  three  drawing  rollers  are,  accordinff  to  this 
arrangement,  in  the  proj.ortion  of  1  :  U  :  8  ;  and  as  their  diameters  are  the  same, 
namely,  one  inch,  the  elongation  of  the  yarn  in  spinjiing  is  eight-fold.  If,  for  ex- 
ample, the  roving  was  of  the  number  4^,  the  yarn  would  become  No.  .*i6.  Tlie 
extension  of  the  thread  may  be  changed  by  changing  the  wheels  of  the  drawing 
rollers.  To  perceive  the  power  of  this  change,  let  us  put,  for  example,  in  the  place 
of  the  18-toothed  wheel  of  the  back  rollers,  a  wheel  with  16  teeth;  we  shall  find 
that  the  elongation  will  amount,  in  that  case,  only  to  7i  times,  whence  the  number 
of  the  yarn  would  come  out  32  =7i  x  4^.  The  extension  by  the  throstle  is  extremely 
various;  it  amounts,  in  some  cases,  to  only  4  times  ;  at  others  to  10,  12,  or  even  15. 

The  copping  motion  of  the  bobbins  is  produced  in  consequence  of  a  bevel  pinion 
working  in  a  small  bevel  wheel  upon  an  upright  shaft ;  while  this  wheel  gives  a  slow 
motion  by  means  of  a  worm  screw  to  the  wheel  of  the  heart-shaped  pulley  u,  fig.  616. 

The  driving  pulley  makes  about  600  turns  in  a  minute ;  and  as  the  diameter  of 
the  drum     Jig.  616,  is  six  times  the  diameter  of  the  spindle  wharves  w,  it  will 
616  give  3600  turns  to  the  spindle  in  that  time. 

If  the  pulley  be  driven  faster,  for  example, 
700  times  in  a  minute,  it  will  increase  the 
revolutions  of  the  spindles  to  4200.  The 
degree  of  twist  which  wiU  be  thereby  im- 
parted to  the  yarn,  depends,  with  like  speed 
of  spindles,  upon  the  rate  at  which  the  soft 
yam  is  delivered  by  the  drawing  rollers  ; 
for  the  quicker  this  delivery,  the  quicker 
is  the  winding-on,  and  the  less  twist  goes 
into  a  given  length  of  yam.  If,  for  ex- 
ample, the  front  rollers  d,  turn  24  times 
in  a  minute,  giving  out  of  course  72  inches 
of  yarn  in  this  time,  upon  which  the  3600 
revolutions  of  the  spindle  are  expended, 
there  will  be  .50  twists  to  every  inch  of 
yarn.  By  changing  the  wheel-work  of  Jig. 
615,  or  by  sticking  greater  or  smaller 
wharves  upon  the  spindles,  the  propor- 
tion between  their  velocity  and  that  of  the 
drawing  rollers,  and  thence  the  degree  of 
twist,  can  be  modified  at  pleasure. 
The  number  of  spindles  in  a  throstle  frame  12  feet  long,  is  about  60  on  each  side. 
The  drawing  rollers  are  coupled  together  as  in  the  bobbin  and  fly  frame,  so  that  each 
row  forms  one  continuous  cylinder.  There  is  a  complete  roller  beam  on  each  side ; 
each  of  the  rollers  of  the  front  row  is  pressed  by  its  top  rollers  with  a  weight  often  or 
twelve  pounds  ;  but  those  of  the  middle  and  back  rows  bear  weights  of  only  one  pound. 
In  the  throstles,  there  is  a  guide  bar  which  traverses  a  small  way  horizontally  to  the 
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left  and  right,  in  front  of  the  roller  beam,  to  lead  the  thread  along  different  points  of 
the  rollers,  and  thus  prevent  the  leather  of  the  top  ones  from  bemg  grooved  by  its 

constant  pressure  in  one  line.   , 

For  the  service  of  240  spindles,  in  two  double  frames,  one  young  woman,  and  an 

assistant  piecer  are  sufficient.  They  mend  the  broken  ends  and  '"epla"  J^^^^^  J 
bobbins  in  the  creel  with  full  ones,  and  the  full  bobbins  of  the  throstle  'y  ^j; 
'J'he  average  quantity  of  yarn  turned  off  in  a  week  of  09  hours  is  about  24  a^l«  I- u 
spindle  of  30's  twist.    Throstle  yam  is  of  a  firm  wiry  quality,  adapted  to  the  vaip^ 


COTTON  MANUFACTURE. 


881 


of  fustians  and  other  strong  stuff's,  as  well  as  to  the  manufacture  of  stockings  and  sevr- 

'"VherTlire  many  modifications  of  the  throstle  system  hesides  the  one  ahove  de- 
scribed;  the  most  celebrated  of  which  are  Danforth's,  called  the  American  throstle, 
Mont-oraery's,  and  Gore's.  We  must  refer  for  an  account  of  them  to  Morns  on 
"T/ic  Cotton  Maiiicfacturc  of  Great  Britain,"  where  they  are  minutely  described  and 
illustrated  with  accurate  figures.  ,      ,      i    r  v 

Fig.  617  is  a  view  of  one  of  the  most  improved  forms  of  the  throstle  trame  by 
Iilessrs.  Hetherington  and  Sons,  Manchester. 

Mule-spinning. — The  general  principles  of  the  mule  have  been  already  stated.  This 
machine  is  so  named  because  it  is  the  offspring,  so  to  speak,  of  two  older  machines, 
the  jenny  and  the  water-frame.  A  mule  is  mounted  with  from  240  to  1000  spindles, 
and  spins  of  course  as  many  threads. 

Fig.  618  represents  the  original  jenny  of  Hargreaves,  by  which  one  person  was 
enabled  to  spin  from  16  to  40  threads  at  once.  The  soft  cords  of  rovings  wound 
in  double  conical  cops 

upon    skewers  were   

placed  in  the  inclined 
frame  ate ;  the  spindles 
for  first  twisting  and 
then  winding-on  the 
spun  yarn  were  set  up- 
right in  steps  and 
bushes  at  a,  being  fur- 
nished near  their  lower 
ends  with  whorls,  and 
endless  cords,  which 
were  driven  bypassing 
round  the  long-revolv- 
ing drum  of  tin  plate, 
E.  D  is  the  clasp  or 
clove,  having  a  handle 
for  lifting  its  upper  jaw 
a  little  way,  in  order  to  allow  a  few  inches  of  the  soft  roving  to  be  introduced.  The 
compound  clove  d  being  now  pushed  forward  upon  its  friction  wheels  to  a,  was  next 
gradually  drawn  back- 
ward, while  the  spin- 
dles were  made  to  re- 
volvewith  proper  speed 
by  the  right  hand  of 
the  operative  turning 
the  flywheel  B.  When- 
ever one  stretch  was 
thereby  spun,  the  clove 
frame  was  slid  home 
towards  A;  the  spindles 
being  simultaneously 
whirled  slowly  to  take 
up  the  yarn,  which  was 
laid  on  in  a  conical  cop 
by  the  due  depression 
of  the  faller  wire  at  a, 
with  the  spinner's  left 
hand. 

Fig.  619  is  a  dia- 
gram of  Ark  Wright's 
original  trater-frame 
spinning  machine,  call- 
ed afterwards  the  water 
twist  frame.  The  rov- 
ings mounted  upon 
bobbins  in  the  creel 
A  a,  have  their  ends 
led  through  between 
the  three  sets  of  twin 
rollers  below  b  b,  thence  down  through  the  eyelet  hooks  upon  the  end  of  the  flyers 
of  the  spindles  o,  and  finally  attached  to  their  bobbins.    The  spindles  being  driven 
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by  the  band  d  d  upon  their  lower  part,  continuously  twist  and  wind  the  finished 
yarn  upon  the  bobbins  ;  constituting  the  first  unremitting  automatic  machine  for  snin- 
nuig  which  the  world  ever  saw.  ^ 
Contrast  with  the  above  admirable  system,  the>rimitive  cotton  -wheel  of  Ind 


«s  repreeonted  in 


the  annexed 
620 


figure,  620.  By  the  aid  of  mechanical  fingers! 
one  Englishman  at  his  mule  can  turn  off 
daily  more  yarn  and  of  far  finer  quality 
than  200  of  the  most  diligent  spinsters  of 
Hindostan. 

Fig.  621  is  a  transverse  section  of  the 
mule,  in  which  its  principal  parts  are 
shown. 

The  machine  consists  of  two  main  parts; 
a  fixed  one  corresponding  in  some  measure 
to  the  water  frame  or  throstle,  and  a 
movable  one  corresponding  to  the  jenny. 
The  first  contains  in  a  suitable  frame  the 
^  drawing  roller-beam  and  the  chief  moving 
machinery ;  the  second  is  called  the  car- 
riage,  in  which  the  remainder  of  the 
moving  mechanism  and  the  spindles  are 
mounted. 

The  frame  of  the  fixed  part  consists  of 
two  upright  sides,  and  two  or  more  inter- 
mediate parallel  bearings,  upon  which  the 
horizontal  roller  beam  a,  the  basis  of  the 
drawing  rollers  is  supported,  h,  c,  d  are  the 
three  ranges  of  fluted  iron  rollers;  e,  f,  g 
are  the  upper  iron  rollers  covered  with 
leather ;  h,  the  wooden  wiper-roUers  covered 
with  flannel,  which  being  occasionally 
rubbed  with  chalk,  imparts  some  of 
it  to  the  pressure  rollers  beneath,  so  as  to 
prevent  the  cotton  filaments  adhering  to 
them.    The  rollers  are  made  throughout 


the  whole  length  of  the  mule  in  portions  containing  six  flutings,  which  are  coupled 
together  by  squared  ends  fitted  into  square  holes.  •      ^  ,;„kk;„  o„h 

The  skewers  upon  which  the  bobbins  contammg  the  rovings  from  the  bobbm  and 

fly  or  stretching  frame,  are  setup,  are  seen  at  a\  a\  /.'^  /"^t^" 

the  creel  z.  The  soft  threads  unwound  from  these  bobbins,  in  their  way  to  the 
drawTng  roilers,  pass  first  through  eyelets  in  the  ^^l^  t^'""- ^yrolw^  T^ 

tho  rin:^s  or  eyes  of  the  gnide  bar  w,  and  enter  between  the  back  pair  of  rollers.  Ihe 
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number  of  these  bobbins  is  equal  to  the  number  of  spindles  in  the  mule,  and  twice  as 
great  as  the  number  of  fluted  portions  of  the  rollers  ;  for  two  threads  are  assigned  to 
each  portion. 

The  carriage  consists  of  two  cast-iron  side  pieces,  and  several  cast-iron  intermediate 
similar  pieces,  such  as  f,  which  altogether  are  made  fast  to  the  planks  d>-,  d'. 
The  top  is  covered  in  with  the  plank  The  carriage  runs  by  means  of  its  cast-iron 
grooved  wheels,  upon  the  cast-iron  railway  I,  which  is  fixed  level  on  the  floor. 

The  spindles  stand  upon  the  carriage  in  a  frame,  which  consists  of  two  slant  rails 
3r,  x^,  connected  by  two  slender  rods  y-,  and  which  frame  may  be  set  more  or  less 
obliquely.  The  lower  rail  carries  the  brass  steps  for  the  points  of  the  spindles  W ; 
upon  the  upper  rail  brass  slips  are  fixed  pierced  with  holes  through  which  the  tops  of 
the  spindles  play.  The  spindles  are  as  usual  made  of  steel,  perfectly  straight,  turned 
truly  round,  and  are  all  arranged  in  one  plane.  To  each  of  them  a  small  wooden  or 
cast-iron  whorl  f  is  made  fast.  They  are  distributed  into  groups  of  24,  and  the 
whorls  are  arranged  at  such  different  heights,  that  only  two  of  them  in  each  group 
are  upon  a  level  with  each  other.  A  small  brass  head  //-,  which  every  spindle  has 
beneath  the  upper  slant  rail  of  the  frame  x";  prevents  their  sitting  down  into  the  step 
during  their  rotation,  or  sliding  off  their  cop  of  yarn. 

(?  are  drums,  mounted  in  the  carriage  in  a  plane  at  right  angles  to  the  plane  in 
which  the  spindles  are  placed.  At  top  they  have  a  double  groove  for  a  cord  to  run 
in,  and  the  motion  which  they  receive  from  the  great  fly  wheel,  or  rim  of  the  mule 
(not  visible  in  this  view)  they  impart  to  the  spindles.  Such  a  drum  is  assigned  to 
every  24  spindles  ;  and  therefore  a  mule  of  480  spindles  contains  20  drums.  In  the 
middle  of  the  carriage  is  seen  the  horizontal  pulley  k^,  furnished  with  three  grooves 
which  stands  in  a  line  with  the  drums  (?. 

The  motion  is  given  to  the  drums  c^,  upon  the  right  hand  half  of  the  carriage,  by  a 
single  endless  band  or  cord  which  proceeds  from  the  middle  groove  of  the  pulley  k^. 
The  rotation  of  the  spindles  is  produced  by  a  slender  cord,  of  which  there  are  I2' 
upon  each  drum  c' ;  because  every  such  cord  goes  round  the  drum,  and  also  every  two 
wharves  which  stand  at  the  same  level  upon  the  spindles.  It  is  obvious  that  the  drums, 
and  consequently  the  spindles,  must  continue  to  revolve  as  long  as  the  main  rim  of  the 
mule  is  turned,  whether  the  carriage  be  at  rest  or  in  motion  upon  its  railway. 

If  we  suppose  the  carriage  to  be  run  in  to  its  standing  point,  or  to  be  pushed  home 
to  the  spot  from  which  it  starts  in  spinning,  its  back  plant  will  strike  the  post  o» 
upon  the  fixed  frame,  and  the  points  of  the  spindles  will  be  close  in  front  of  the  roller 
beam  The  rollers  now  begin  to  turn  and  to  deliver  threads,  which  receive  imme- 
diately a  portion  of  their  twist  from  the  spindles;  the  carriage  retires  from  the  roller 
beam  with  somewhat  greater  speed  than  the  surface  speed  of  the  front  rollers  where- 
by the  threads  receive  a  certain  degree  of  stretching,  which  affects  most  their  thicker 
and  less  twisted  portions  and  thereby  contributes  greatly  to  the  levelness  of  the  vara 

rir.     "'^y"''^' \f  *°      ^""^  °f  lias  completed  a  sti^tch' 

the  fluted  rollers  suddenly  cease  to  revolve  (and  sometimes  even  beforehand  when  a 
second  stretch  IS  to  be  made),  but  the  spindles  continue  to  whirl  till  the  fuUy  'extended 
threads  have  received  the  proper  second  or  after-twist.  Then  the  carriage  must  be  nut 
up  or  run  back  towards  the  rollers,  and  the  threads  must  be  wound  upon  the  spin dfe 

This  IS  the  order  of  movements  which  belong  to  the  mule.    It  has  been  shown 
how  the  rotation  of  the  spindles  is  produced. 

For  winding-on  the  yarn  the  carriage  has  a  peculiar  apparatus,  which  we  shall  now 
describe  In  front  of  it,  through  the  whole  extent  to  the  right  hand  aJweU  as  th^ 
he'mWdl  fV>;''°  '■•^"^  li°ri==°'itally  along,  in  a  Une  somewhat  hTgher  thJn 

the  middle  of  the  coping  portion  of  the  spindles,  and  is  supported  by  several  prons 
such  as  e\    Upon  each  end  of  the  two  rods,  d\  there  is  an  afm,  «»■  and  bltwixt  thT.P 

rod  5  «f  ^'■•^  ^^---^'^^  ^^^""^^^  ^^^^  ^i-^s     extended  from  the 

rodd  at  several  points  betwixt  the  straight  arms  g\    The  rod  #  has  hPsM^c  ! 
wooden  handle  at  the  place  opposite  to  where  the  spinner  stands  bv  which  ft  ' 
be  readily  grasped    This  movement  is  applied  at  the  left  division  of  tW  l^t 

^ZLT  I  \        apparatus  the  yarn  is  wound  upon  the  spindles  in  tbp  fnlM  • 
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round  the  handle  of  the  rim  or  fly  wheel,  and  consequently  the  spindles.  At  the 
same  time,  by  means  of  the  handle  upon  the  rodt/",  he  moves  the  copping-wire/',  so 
that  it  presses  down  all  the  threads  at  once,  and  places  them  in  a  direction  nearly 
perpendicular  to  the  spindles  ;  as  shown  by  the  dotlejj  line  i/.  That  this  movement 
of  the  copping  wire,  however,  may  take  place  without  injury  to  the  yarn,  it  is 
necessary  to  turn  the  rim  beforehand  a  little  in  the  opposite  direction,  so  that  the 
threads  may  get  uncoiled  from  the  upper  part  of  the  spindles,  and  become  slack  ; 
an  operation  called  in  technical  language  the  backiwj  off.  The  range  upon  whicli  tlic 
threads  should  be  wound,  in  order  to  form  a  conical  cop  upon  the  spindle,  is  hit  by 
depressing  the  copping  wire  to  various  angles,  nicely  graduated  by  an  experienced 
eye.  This  faller  wire  alone  is  not,  however,  sufficient  for  the  purpose  of  winding- 
on  a  seemly  cop,  as  there  are  always  some  loose  threads  which  it  cannot  reach  without 
breaking  others. 

Another  wire  called  the  counter-fuller,  P,  must  be  applied  under  the  threads.  It 
may  be  raised  to  an  elevation  limited  by  the  angular  piece  ;  and  is  counterpoised 
by  a  very  light  weight  rn^  applied  through  the  bent  lever  n",  which  turns  upon  the 
fulcrum  b\  This  wire,  which  applies  but  a  gentle  pressure,  gives  tension  to  all  the 
threads,  and  brings  them  regularly  into  the  height  and  range  of  the  faller/'.  This  wire 
must  be  raised  once  more,  whenever  the  carriage  approaches  the  roller  beam.  At  this 
instant  a  new  stretch  commences  ;  the  rollers  begin  again  to  revolve,  and  the  carriage 
resumes  its  former  course.    These  motions  are  performed  by  the  automatic  machinery. 

There  is  a  little  eccentric  pulley  mechanism  for  moving  the  guide  beam  to  and  fro 
with  the  soft  yarns,  as  they  enter  between  the  back  rollers.  On  the  right  hand 
end  of  the  back  roller  shaft,  a  worm  screw  is  formed  which  works  into  the  oblique 
teeth  of  a  pinion  attached  to  the  end  of  the  guide  beam,  in  which  there  is  a  series  of 
holes  for  the  passage  of  the  threads,  two  threads  being  assigned  to  each  fluted  roller. 
In  the  flat  disc  of  the  pinion,  an  eccentric  pin  stands  up  which  takes  into  the 
jointed  lever  upon  the  end  of  the  guide  beam,  and  as  it  revolves,  pushes  that  beam 
alternately  to  the  left  and  the  right  by  a  space  equal  to  its  eccentricity.  This  motion 
is  exceedingly  slow,  since  for  each  revolution  of  the  back  roller,  the  pinion  advances 
only  by  one  tooth  out  of  the  33  which  are  cut  in  its  circumference. 

After  counting  the  number  of  teeth  in  the  different  wheels  and  pinions  of  the 
mule,  or  measuring  their  relative  diameters,  it  is  easy  to  compute  the  extension  and 
twist  of  the  yarns ;  and  when  the  last  fineness  is  given  to  ascertain  their  marketable 
value.  Let  the  ratio  of  speed  between  the  three  drawing  rollers  be  1 :  l|i :  7h  ;  and 
the  diameter  of  the  back  and  middle  roller  three  quarters  of  an  inch:  that  of  the  front 
roller  one  inch ;  in  which  case  the  drawing  is  thereby  increased  1^  times,  and 
7J-  X  1J-  =  10  If  the  rovings  in  the  creel  bobbins  have  been  No.  4,  the  yarn,  after 
passing  through  the  rollers,  will  be  No.  40.  By  altering  the  change  pmion  (not 
visible  in  this  view)  the  fineness  may  be  changed  within  certain  limits,  by  altering 
the  relative  speed  of  the  rollers.  For  one  revolution  of  the  great  rim  or  fly  ;vheel  of 
the  mule,  the  front  roller  makes  about  C-tenths  of  a  turn,  and  delivers  therefore  22  6 
lines  or  12ths  of  an  inch  of  yarn,  which,  in  consequence  of  the  tenfold  draught 
through  the  rollers,  corresponds  to  2  26  lines  of  roving  fed  in  at  the  back  rollers 
The  spindles  or  their  whorls  make  about  66  revolutions  for  one  turn  of  the  rim  Ihe 
pulleys  or  grooved  wheels  on  which  the  carriage  runs,  perform  0-107  part  of  a  turn 
while  the  rim  makes  one  revolution,  and  move  the  carriage  24-1  lines  upon  its  rails, 

the  wheels  beinff  6  inches  in  diameter.   ,    i  ,  i 

The  22  6  line!  of  soft  yarn  delivered  by  the  front  rollers,  will  be  stretched  1 J  lines 
bv  the  carriage  advancing  24-1  lines  in  the  same  time.    Let  the  length  of  the  ra.lwav 
Sof  each  st'lteh  be  5  feet,  the  carriage  will  complete  its  course  after  30  revolutions  of 
or  ^nrl  tbP    feet  lensrth  if  yarn  (of  which  56^  inches  issue  from  the 

receives  from  40  to  42  twists  per  inch.  ^  , 
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npon  tbe  number  of  the  spindles,  and  upon  the  time  taken  to  complete  every  stretch 
of  the  carriage.  Many  circumstances  have  an  indirect  influence  upon  that  quantity, 
and  particularly  the  degree  of  skill  possessed  by  the  spinner.  The  better  the  machine, 
the  steadier  and  softer  all  its  parts  revolve,  the  better  and  more  abundant  is  its 
production.  When  the  toothed  wheels  do  not  work  truly  into  their  pinions,  when  the 
spindles  shake  in  their  bushes,  or  are  not  accurately  made,  many  threads  break,  and 
the  work  is  much  injured  and  retarded.  The  better  the  staple  of  the  cotton  wool,  and 
the  more  careful  has  been  its  preparation  in  the  carding,  drawing,  and  roving 
processes,  the  more  easy  and  excellent  the  spinning  will  become  :  warmth,  dryness, 
cold,  and  moisture  have  great  influence  on  the  ductility,  so  to  speak,  of  cotton.  A 
temperature  of  65°  F.,  with  an  atmosphere  not  too  arid,  is  found  most  suitable  to  the 
operations  of  a  spinning  mill.  The  finer  the  yarn,  the  slower  is  the  spinning.  For 
numbers  from  20  to  36,  from  2  to  3  stretches  of  warp  may  be  made  in  a  minute,  and 
nearly  3  stretches  of  weft ;  for  numbers  above  50  up  to  100,  about  2  stretches  ;  and 
for  numbers  from  100  to  150  one  stretch  in  the  minute.  Still  finer  yarns  are  spun 
more  slowly,  which  is  not  wonderful,  since  in  the  fine  spinning  mills  of  England,  the 
mules  usually  contain  upwards  of  500  spindles  each,  in  order  that  one  operative  may 
manage  a  great  number  of  them,  and  thereby  earn  such  high  wages  as  shall  fully 
remunerate  his  assiduity  and  skill. 

In  spinning  fine  numbers,  the  second  speed  is  given  before  the  carriage  is  run  out 
to  the  end  of  its  railway  ;  during  which  course  of  about  6  inches,  it  is  made  to  move 
very  slowly.  This  is  called  the  second  stretch,  and  is  of  use  in  making  the  yarn 
level  by  di'awing  down  the  thicker  parts  of  it,  which  take  on  the  twist  less  readily 
than  the  thinner,  and  therefore  remain  soft  and  more  extensible.  The  stretch  may 
therefore  be  divided  into  three  stages.  The  carriage  first  moves  steadily  out  for 
about  4  feet,  while  the  drawing  rollers  and  spindles  are  in  full  play  ;  now  the  rollers 
stop,  but  the  spindles  go  on  whirling  with  accelerated  speed,  and  the  carriage 
advances  slowly,  about  6  inches  more ;  then  it  also  comes  to  rest,  while  the  spindles 
continue  to  revolve  for  a  little  longer,  to  give  the  final  degree  of  twist.  The  accele- 
ration of  the  spindles  in  the  second  and  third  stages,  which  has  no  other  object  but 
to  save  time,  is  efl'ected  by  a  mechanism  called  the  counter,  which  shifts  the  driving 
band,  at  the  proper  time,  upon  the  loose  pulley,  and,  moreover,  a  second  band,  which 
had,  till  now,  lain  upon  its  loose  pulley,  upon  a  small  driving  pulley  of  the  rim-shaft. 
At  length,  both  bands  are  shifted  upon  their  loose  pulleys,  and  the  mule  comes  to  a 
state  of  quiescence. 

The  SELF-ACTING  MULE,  or  the  IRON  MAN,  as  it  has  been  called  in  Lancashire,  is 
an  inventbn  to  which  the  combinations  among  the  operative  spinners  obliged  the 
masters  to  have  recourse.  It  now  spins  good  yarn  up  to  40's  with  great  uniformity 
and  promptitude,  and  requires  only  juvenile  hands  to  conduct  it,  to  piece  the  broken 
yarns,  to  replace  the  bobbins  of  rovings  in  the  creel,  and  to  remove  the  finished  cops 
from  the  spindles. 

The  self-acting  mules  were  first  constructed,  we  believe,  by  Messrs.  Eaton,  formerly 
of  Manchester,  who  mounted  ten  or  twelve  of  them  in  that  town,  four  at  Wiln,  in 
Perbyshire,  and  a  few  in  France.  From  their  great  complexity  and  small  produc- 
tiveness, the  whole  were  soon  relinquished,  except  those  at  Wiln.  M.  de  Jone 
obtamed  two  patents  for  self-acting  mules,  and  put  twelve  of  them  in  operation  in  a 
'"'H.^'  ]^''^"''°Ston,  of  which  he  was  part  proprietor  ;  but  with  an  unsuccessful  result 

Ihe  first  approximation  to  a  successful  accomplishment  of  the  objects  in  view  was 
an  invention  of  a  self-acting  mule,  by  Mr.  Roberts,  of  Manchester  ;  one  of  the  principal 
points  of  which  was  the  mode  of  governing  the  winding-on  of  the  yarn  into  the  form 
Ota  cop;  the  entire  novelty  and  great  ingenuity  of  which  invention  was  universally 
admitted,  and  proved  the  main  step  to  the  final  accomplishment  of  what  had  so  loni 
been  a  desideratum.  For  this  invention  a  patent  was  obtained  in  1825,  and  several 
beadstocks  upon  the  principle  were  made,  which  are  still  working  successfully 

In  1830,  Mr.  Roberts  obtained  a  patent  for  the  invention  of  certain  improvements- 
and  by  a  combination  of  both  his  inventions,  he  produced  a  self-acting  mule  which  is 
generally  admitted  to  have  exceeded  the  most  sanguine  expectations,  and  ^hich  has 
been  extensively  adopted.  There  are,  probably,  at  present,  upwards  of  half  a  million 
of  spindles  of  Messrs.  Sharp,  Roberts,  and  Co.'s  construction,  at  work  in  the  Un  ted 

ssr; :?e^lrf:L^S■-''^^^  '° ''''' '''^  ^^^^^^ 

The  saving  of  a  spinner's  wages  to  each  pair  of  mules,  piccers  only  being  reauired 
as  one  overlooker  is  sufiicient  to  manage  six  or  eight  pairs  of  mules.  ThelrodueS 
of  a  greater  quantity  of  yarn,  in  the  ratio  from  15*^  to  20  per  cent  The  varn 
possesses  a  more  uniform  degree  of  twist,  and  is  not  liable  to  be  strained  durin  J tC 
spinning,  or  m  winding-on.  to  form  the  cop;  consequently  fewer  t  e"  df-irrbrnk  n 
la  these  processes,  and  the  yarn  from  having  fewer  pieeiifgs  is  morn'eoular 

3  L  3  *  ■ 
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The  cops  are  made  firmer,  of  better  shape,  and  with  undeviating  uniformity  ;  and, 
from  being  more  regularly  and  firmly  wound,  contain  from  one  third  to  one  half  more 
yarn  than  cops  of  equal  bulk  wound  by  hand ;  they^re  consequently  less  liable  to 
injury  in  packing  or  in  carriage,  and  the  expense  of  packages  and  freight  (when 
charged  by  measurement)  is  considerably  reduced. 

From  the  cops  being  more  regularly  and  firmly  wound,  combined  with  their 
superior  formation,  the  yarn  intended  for  warps  less  frequently  breaks  in  winding  or 
reeling,  consequently  there  is  a  considerable  saving  of  waste  in  those  processes. 

Secondly,  the  advantages  connected  with  weaving. 

The  cops  being  more  regularly  and  firmly  wound,  the  yam,  when  used  as  weft, 
seldom  breaks  in  weaving  ;  and  as  the  cops  also  contain  a  greater  quantity  of  weft, 
there  are  fewer  bottoms,  consequently  there  is  a  very  material  saving  of  waste  in  the 
process  of  weaving. 

From  those  combined  circumstances,  the  quality  of  the  cloth  is  improved,  by  being 
more  free  from  defects  caused  by  the  breakage  of  the  warp  or  weft,  as  well  as  the 
selvages  being  more  regular. 

The  looms  can  also  be  worked  at  greater  speed ;  and,  from  there  being  fewer  stop- 
pages, a  greater  quantity  of  cloth  may  be  produced. 

That  the  advantages  thus  enumerated,  as  derivable  from  the  use  of  self-acting  mules, 
have  not  been  overrated,  but,  in  many  instances,  have  been  considerably  exceeded,  I  have, 
by  extensive  personal  inquiry  and  observation,  had  ample  opportunity  of  assertaining. 

Statement  of  the  quantity  of  yarn  produced  on  Messrs.  Sharp,  Roberts,  and  Co.'s 
self-acting  mules,  in  twelve  working  hours,  including  the  usual  stoppages  connected 
with  spinning,  estimated  on  the  average  of  upwards  of  twenty  mills  :  — 
No.  of  Yam.  No.  of  Twist.  No.  of  Weft. 

16       -       -       -    4i  hanks        -       -    4|  hanks  per  spindle. 
24       -       -       -    4I    —  -       -    4|  — 

32       -       -       -    4      —  -       -    4i  — 

40      -      -      -  3f   —        -      -  ^  — 
Of  the  intermediate  numbers  the  quantities  are  proportionate. 
The  following  are  particulars  of  the  results  of  trials  made  by  Messrs.  Sharp, 
Roberts,  and  Co.,  at  various  mills,  to  ascertain  the  comparative  power  required  to 
work  self-acting  mules,  in  reference  to  hand-mules,  during  the  spinning,  up  to  the 
period  of  backing-off :  — 


At  what  Mill,  and  the  Descrip- 
tion of  Mule. 

No.  and  kind 
of  Yarn. 

Diameter 
of  Pulley 
or  Rim 
Wheel. 

Revolu- 
tions of 
Pulley  or 
Rim  Wheel. 

Required 
Force  for 
Motion. 

Total  Force 
Employed  in 
Spinning. 

Messrs.  Birley  and  Kirk. 

Weft. 

7ns. 

lbs. 

lbs. 

Self-acting  mule,  360  sps.  - 
*  Hand  mule,  180  sps. 

30  to  34 
ditto 

12 
15 

58 
36 

30 
26 

5463 
3669  T 
X  2  =  7338  J 

Messrs.  Leech  and  Vandrey. 

Twist. 

t  Self-acting  mule,  324  sps. 
Hand  mules,  324  sps. 

36 
36 

12 

29 

70 

58 

36 
16J 

7912 
7273 

Messrs.  Duckworth  §■  Co. 

Twist. 

Self-acting  mule,  324  sps. 
Hand-mule,  324  sps. 

40 
40 

12 
47 

62 
36 

33 
15^ 

6421 
6646 

The  mode  adopted  to  make  tne  trials  was  as  iouuwb,  vi*.  . 

A  force,  indicated  by  weight  in  pounds,  was  appUed  to  the  strap  workmg  upon  he 
driving-pulley  of  the  respecfive  mules,  sufficient  to  mamtam  the  motion  of  ^u^e 
whilst  spinning,  which  weight,  being  multiplied  by  the  length  of  s  rap  delivered  by 
rachrevXt^on  of  the  pulley,  kndalain  by  the  nmnber  of  revolutions  made  by  the 
rulley  wS  spinning,  gave  the  total  force  in  pounds  applied  to  the  respective  mules 
whiSt  spinning  i  for  instance,  suppose  a  mule  to  be  driven  by  a  puUey  12  inches  diameter 
Ts  ff  irdrcimference),  such  pulley  making  58  revolutions  during  the  spinning  as 
Sove  and  ^/equirei'  a  forc'e  eqLl  to  30  lbs.  weight  to  --^^X toLTS^^^^ 
the  mule,  then  33  lbs.  x  3-13  feet  circumference  of  pulley  ^J^^JZdTh^c^m-off. 
ning  =5-463  lbs.  of  force  employed  during  the  spinning,  to  t^e  period  of  backing  ott 

Mr.  James  Smith,  of  Deanstone  cotton  works  in  Scotland,  obtained  a  patent  for  the 

•  The  trial  was  disadvantageous  for  the  hand  mules,  being  'P!?';?'^'!'   ^hort  and  light  vcr- 

+  The  trial  was  disadvantiigcous  for  the  self-acting  mules,  being  driven  by  a  very  snori  h 
tIcal  strap,  the  hand-mule  having  a  long  horizontal  strap. 
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«Po  .^Ifnninr  in  Februafv  1834.  He  did  not  perform  the  backing-ofif 
r:i::r4  L'Son  of  t^fs7ndi;.  a' in  common  mules  or  as  in  Mr  Eoberts^s 
but  by  e  evating  the  counterfaller  wire,  which,  being  below  the  ends  of  the  yarn  or 
thread  along  the  whole  extent  of  the  carriage,  thereby  pulls  off  or  strips  the  spiral 
cons  at  the  foint  of  the  spindle,  instead  of  unwinding  ^heni,  as  of  old.  Th^  m^^^^^ 
ment  he  considered  to  be  of  great  importance  ^^^^rds  simplifying  the  mach^^^^^^ 
renderine  the  mule  self-acting;  and  the  particular  way  in  which  he  brought  the  stripper 
2  3n  is  nTdoubt  ingenious,  but  it  has  been  supposed  by  many  to  strain  the  yarn. 
He  ckimed  as  his  invention  the  arelication  and  adaptation  of  a  mangle  wheel  or  mangle 
rack  to  the  mule,  for  effecting  certain  successive  movements,  either  separately  or  in 
conjunction  ;  he  claimed  that  arrangement  of  the  carriages  of  a  pair  of  mules,  by  whictt 
the  stretch  is  caused  to  take  place  over  part  of  the  same  ground  by  both  carriages, 
and  thereby  the  space  required  for  the  working  of  the  pair  of  mules  is  greatly 
diminished ;  and  he  also  claimed  the  application  of  a  weight  sprmg,  or  friction,  for 
balancing  the  tension  of  the  ends  of  the  threads. 

A  patent  was  granted,  in  April,  1835,  to  Mr.  Joseph  Whitworth,  engineer  in  Man- 
chester, for  some  ingenious  modifications  of  the  mechanism  of  the  mule,  subservient 
to  automatic  purposes.  His  machinery  is  designed,  first,  to  traverse  the  carriage  m 
and  out,  by  means  of  screws  or  worm-shafts,  which  are  placed  so  as  to  keep  the 
carriage  parallel  to  the  drawing  rollers,  and  prevent  the  necessity  of  squaring  bands, 
hitherto  universally  employed  ;  secondly,  his  invention  consists  in  an  improved 
manner  of  working  the  drums  of  a  self-acting  mule  by  gear ;  thirdly,  in  the  means 
of  effecting  the  backing-ofF;  fourthly,  in  the  mechanism  for  working  the  faller-wire 
in  building  the  cops ;  and  fifthly,  in  the  apparatus  for  effecting  the  winding  of  the 
yarns  upon  the  spindles.  As  regards  the  throstles  and  doubling  frames,  his  improve- 
ments apply,  first,  to  the  peculiar  method  of  constructing  and  adapting  the  flyers  and 
spindles,  and  producing  the  drag  ;  and,  secondly,  to  the  arrangement  of  the  other 
parts  of  the  doubling  machinery. 

The  Self-acting  jfeTw/e.— In  a  previous  edition  of  this  work  mention  was  made  of 
the  patent  self-acting  mules  of  Mr.  Roberts,  of  Manchester,  and  of  Mr.  Smith,  of 
Deanstone.  Since  the  period  when  that  notice  was  written  a  great  number  of  patents 
have  been  obtained  for  improvements  on  the  original  patents,  by  Mr.  Potter,  of 
Manchester,  Messrs.  Higgins  and  Whitworth,  of  Salford,  Mr.  Montgomery,  of 
Johnstone,  Messrs.  Craig  and  Sharp,  of  Glasgow,  and  many  others. 

Mr.  Roberts's  self-acting  mule,  which  was  practically  the  first  introduced,  has 
maintained  its  ground  against  all  competitors,  and  is  still  the  mule  which  is  most 
extensively  used  and  approved  in  the  cotton  trade. 

As  might  be  expected,  it  has  undergone  a  variety  of  improvements  and  alterations 
by  the  various  machine  workers  who  have  made  it  since  the  expiration  of  the  patent, 
but  by  none  more  than  by  Messrs.  Parr,  Curtis,  &  Madely,  of  Manchester,  who  have 
devoted  a  large  amount  of  time  and  expense  in  its  perfection. 

They  are  the  proprietors  of  six  patents  for  this  mule,  the  invention  of  Mr.  Curtis, 
of  the  manager  Mr.  Lakin,  and  of  Messrs.  Rhodes  &  Wain,  the  combination  of  which 
has  enabled  that  firm  to  produce  a  very  superior  self-acting  mule,  and  given  them  a 
decided  lead  as  makers. 

The  following  are  some  of  the  principal  improvements  they  have  effected :  viz., 
substituting  a  catch  box  with  an  exceutric  box,  in  lieu  of  a  cam  shaft,  to  produce 
the  required  changes  ;  an  improved  arrangement  of  the  faller  motion,  which  causes 
the  fallers  to  act  more  easily  upon  the  yarn,  and  not  producing  a  recoil  in  them 
when  the  "  backing-off "  takes  place,  thus  preventing  "  snarls "  and  injury  to  the 
yam  ;  in  applying  a  spiral  spring  for  the  purpose  of  bringing  the  backing-off  cones 
into  contact,  by  which  the  operation  of  "  backing-off "  can  be  performed  with  the 
greatest  precision.  The  backing-off  movement  is  also  made  to  stop  itself,  and  to 
cause  the  change  to  be  made  which  affects  the  putting-up  of  the  carriage,  which  it 
does  in  less  time  than  if  an  independent  motion  was  employed.  They  have  also  an 
arrangement  for  driving  the  back,  or  drawing-out,  shaft  by  gearing  in  such  a  manner 
that  in  the  event  of  an  obstruction  coming  in  the  way  of  the  carriage  going  out,  the 
motion  ceases  and  prevents  the  mule  being  injured. 

By  means  of  a  friction  motion,  the  object  of  which  is  to  take  the  carriage  in  to  the 
rollers,  the  carriage  will  at  once  stop  in  the  event  of  any  obstruction  presenting  itself. 
For  the  want  of  an  arrangement  of  this  nature,  lives  have  been  lost  and  limbs 
injured,  when  careless  boys  have  been  cleaning  the  carriage  whilst  in  motion  and 
have  been  caught  between  it  and  the  roller  beam,  and  thus  killed  or  injured.  ' 

Another  improvement  consists  in  connecting  the  drawing-out  shaft'  and  the 
quadrant  pinion  shaft  by  gearing,  instead  of  by  hands,  thereby  producing  a  more 
perfect  winding-on,  as  the  quadrant  is  moved  the  same  distance  at  each  stretch  of  the 
carriage.    They  have  also  made  a  different  arrangement  of  the  headstock— or  self- 
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acting  portion  of  the  mule— causing  its  height  to  be  much  reduced,  which  makes  it 
more  steady,  offers  less  obstruction  to  the  light,  enables  the  spinner  to  see  all  the 
spinaies  trom  any  part  of  the  mule,  and  allows  a  larger  driving  strap,  or  belt  to 
be  used,  which  in  low  rooms  is  of  considerable  inVrtance.  The  result  of  these 
various  improvements  is  the  production  of  one  of  the  most  perfect  spinning  machines 
now  in  the  trade.  ° 

For  spinning  very  coarse  numbers,  say  6's,they  have  patented  an  arrangement,  by 
which  the  rotation  of  the  spindles  can  be  stopped,  and  the  operation  of  backing-off- per- 
formed, during  the  going  out  of  the  carriage,  thus  effecting  a  considerable  saving  of  time. 

622 


Some  of  their  mules  are  working  in  the  mills  of  Messrs.  Thomas  Mason  &  Son, 
Ashton-under-Lyne,  and  are  making  five  to  five  and  a  half  draws  per  minute,  the 
length  of  the  stretch  being  67  inches ;  a  speed  and  length  of  stretch  never  previously 
attained. 
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The  following  is  a  description  of  one  of  those  excellent  mules: — 
Fig.  622  is  a  plan  view,  Jig.  623  a  tranverse  section,  and/^f.  624  an  end  view  of  so 
much  of  a  mule  as  is  requisite  for  its  illustration  here. 

623 


As  there  are  many  parts  which  are  common  to  all  mules,  most  of  which,  have  Tieen 
previously  described  in  the  notice  of  the  hand  mule,  ■we  shall  therefore  only  notice 
the  more  prominent  portions  of  the  self-acting  part  of  the  mule.  Among  such  parts 
are,  the  framing  of  the  headstock  a  ;  the  carriage  B ;  the  rovings  c  ;  the  supports  d. 


of  the  roller  heam  e  ;  the  fluted  rollers  a ;  the  top  rollers  a>  ;  the  spindles  b ;  the 
carriage  wheels  6' ;  the  slips,  or  rails,  on  -which  they  move  ;  the  faller  wire  • 
the  counter-faller  wire  b*.  The  following  are  the  parts  chiefly  connected  with  the 
self-actmg  portion  of  the  mule.  The  fast  pulley  f,  the  loose  pulley  r',  the  bevels  f' 
and  F^  which  give  motion  to  the  fluted  rollers :  the  back,  or  drawing-out  shaft  g 
wheels  g'  and  g=,  by  which  through  the  shaft  g»  and  wheels  g*  and  G^  motion  is 
communicated  to  the  pinion  g"  on  the  shaft  G^  and  thence  to  the  quadrant  g'.  The 
scroU  shaft  H,  the  scrolls  h'  and  h=,  the  catch  box  H^  for  giving  motion  through  the 
bevel  wheels  h'  and  h«  to  the  scroU  shaft.  Drawing-in  cord  h».  Screw  in  radial 
arm  i,  nut  on  same  i',  winding-on  chain  i^,  winding-on  band  i',  drawing-out  cord 
Pmion  I*  on  front  roller  shaft,  to  give  motion  through  the  wheels  i"  i'  and  i»* 
to  drawing-out  shaft  g.  Pinion  j,  and  wheels  j',  j«,  and  j'  for  giving  motion  to 
shaft  J  ,  pinion  J^  giving  motion  to  backing-oflf  wheel  j«.  On  the  change  shaft  k  is 
rwiff  ^f°r  ^'J'f  ge^^s  wi'^  tl^e  ^heel  J«,  and  receives  motion  therefrom. 
One  half  of  the  catch-box  k'  is  fast  to  one  end  of  a  long  hollow  shaft  on  ^vhich 
are  two  cams,  one  of  which  is  used  to  put  the  front  drawing  roller  catch-box  m  into 
and  out  of  contact,  the  other  is  used  for  the  purpose  of  traversing  the  driving  stran 
on  or  OS  the  fast-pulley  f  as  required.    The  other  half  of  the  catfh-box  J is^pSced 

>  f\^'  ^  ^^l        °°  ^^'"^  P^^^«^  *'''-°"g^^  of  the  catch-box  and 

causes  it  to  be  earned  round  by  the  shaft  as  it  rotates.  Though  carried  round  wkh 
the  shaft,  It  IS  at  liberty  to  move  lengthwise,  so  as  to  allow  it  to  be  put  into  and 
out  of  contact  with  the  other  half  when  required.  The  spiral  spring  kMs  also 
I'o'^t  .nT.nd'f -°.''""^»y  bears\gainst  the  end  of  the  i  box  next 
to  It,  and  endeavours  to  put  it  in  contact  with  the  other,  which  it  does  when  per- 
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mitted  and  tlie  changes  arc  required,  The  change  lever  ii»  moves  on  a  stud  which 
wf^^  through  Its  boss  <r:  near  which  end  of  this  lever  are  the  adjustable  pieces  a' 
When  the  machine  is  put  in  motion,  supposing  the  carriage  to  be  coming  out  the 
driving  strap  is  for  the  most  part  on  the  fast  pulley  fwhen  motion  is  given  through 
the  bevel  wheels  f-  and  f'  to  the  drawing  rollers  a,  which  will  then  draw  the  rovinss 
c  oft  the  bobbins,  and  deliver  the  slivers  so  drawn  at  the  front  of  the  rollers  aad 
the  same  being  fast  to  the  spindles,  as  the  carriage  is  drawn  out  the  slivers  are  taken 
out  also,  and  as  the  spindles  at  this  time  are  turned  round  at  a  quick  rate  (say 
6,000  revolutions  per  minute),  they  give  twist  to  the  slivers  and  convert  them 
into  yarn  or  twisted  threads.  Motion  is  communicated  to  the  spindles  from  the  rim 
pulley  f',  through  the  rim  band  r\  which  passes  from  the  rim  pulley  to  a  grooved 
pulley  on  the  tin  roller  shaft,  round  which  it  passes  and  thence  round  the  grooved 
pulley  f"  back  to  the  rim  pulley,  thus  forming  an  endless  band.  It  will  be  seen  that 
the  rim  band  pulley  and  the  other  pulleys,  over  or  round  which  the  rim  band  passes, 
are  formed  with  double  grooves,  and  the  band  being  passed  round  each,  it  forms  a 
double  band,  which  is  found  of  great  advantage,  as  it  will  work  with  a  slacker  band 
than  if  only  one  groove  was  used  ;  there  is  consequently  less  strain  on  the  band,  and  it 
is  longer.  A  string  or  cord  passes  round  the  tin  roller  to  a  wharve  on  each  spindle, 
round  which  it  passes,  and  theuce  back  to  the  tin  roller,  and  thus,  when  the  tin  roller 
receives  motion  from  the  rim  band,  it  gives  motion  to  the  spindles.  The  carriage  is 
caused  to  move  outwards  by  means  of  the  cord  l,  one  end  of  which  is  attached  to 
a  ratchet  pulley  fl.xed  on  the  carriage  cross,  or  square  l",  and  is  then  passed  over  the 
'  spiral  grooved  pulley  fast  on  the  drawing  out  shaft  o,  and  passes  thence  under 
the  guide  pulley  i?  round  the  pulley  il*  to  another  ratchet  pulley,  also  on  the 
carriage  square  where  the  other  end  is  then  fastened.  The  cord  receives  motion 
from  the  pulley  L^  round  which  it  passes  and  communicates  the  motion  it  receives  to 
the  carriage,  the  carriage  wheels  6'  moving  freely  on  the  slips  b-. 

When  the  carriage  has  completed  its  outward  run,  the  bowl  a*  on  the  counter 
faller  shaft  comes  against  the  piece  a',  depresses  it  and  the  end  of  the  lever  to 
■which  it  is  attached,  and  raises  the  other  end,  and  with  it  the  slide  c,  on  which  are 
two  inclines.  A  round  pin  (not  seen)  passes  through  the  boss  of  the  catch-box  next 
to  the  slide,  and  bears  against  the  sliding  half  of  the  catch-box,  and  holds  it  out  of 
contact. 

When  the  slide  c  is  raised,  the  part  of  the  incline  which  bore  against  the  "pin  and 
kept  the  catch-box  from  being  in  contact  is  withdrawn,  on  which  the  spring  puts 
them  in  contact,  and  motion  is  given  to  the  hollow  shaft,  and  the  cams  thereon ;  one 
of  which  causes  the  catch-box  m  to  be  taken  out  of  contact  when  motion  ceases  to 
he  given  to  the  drawing  rollers  and  to  the  going  out  of  the  carriage  ;  and  the  other 
causes  the  driving  strap  to  be  traversed  off  from  the  fast  pulley  on  to  the  loose  one 
when  motion  ceases  to  be  given  to  the  rim  pulley  and  thence  to  the  spindles.  The 
inclines  on  the  slide  are  so  formed  that,  by  the  time  the  shaft  has  made  half  a  revo- 
lution, they  act  on  the  pin  and  cause  it  to  put  the  catch-hox  out  of  contact.  The 
next  operation  is  the  backing-off  or  uncoiling  the  threads  coiled  on  the  spindle 
above  the  cop,  which  is  effected  by  causing  the  backing-off  cones  attached  to  the 
wheel  to  be  put  into  contact  with  one  formed  in  the  interior  of  the  fast  puUey  f, 
when  a  reverse  motion  will  be  given  to  the  rim  pulley  and  thence  to  the  tin  roUer 
and  the  spindles. 

The  backing-off  cones  are  put  into  contact  by  means  of  a  spiral  spring,  which, 
when  the  strap  fork  is  moved  to  traverse  the  strap  on  to  the  loose  pulley,  it  is 
?illowed  to  do.  Simultaneously  with  the  backing-off  the  putting  down  of  the  faller 
wire  takes  place,  which  is  effected  through  the  reverse  motion  of  the  tin  roller 
shaft,  which  causes  the  catch  c'  to  take  into  a  tooth  of  the  ratchet  wheel  when 
they  will  move  together,  and  with  them  the  plate  c%  to  a  stud  in  which  one 
end  of  the  chain  c*  is  fastened,  the  other  end  of  which  is  attached  to  the  outer  end  of  the 
finger  c*,  fast  on  the  faller  shaft.  When  this  chain  is  drawn  forward  by  the  plate,  it 
draws  down  the  end  of  the  figure  c^to  which  it  is  attached,  and  thereby  partially  turns 
the  faller  shaft  and  depresses  the  faller  wire  fi',  and,  at  the  same  time,  raises  the 
lever  the  lower  part  of  which  bears  against  a  bowl  attached  to  a  lever  which  rests 
on  the  builder  rail  c".  As  soon  as  the  lever  is  raised  sufficiently  high  to  allow 
the  lower  end  to  pass  over,  instead  of  bearing  against  the  bowl,  it  is  drawn  forward 
hy  a  spiral  spring,  which  causes  the  backing-off  cones  to  be  taken  out  of  contact, 
when  the  backing-off  ceases,  and  the  operations  of  running  the  carriage  in  and  winding 
the  yam  on  to  the  spindles  must  take  place.  When  the  cones  are  taken  out  of 
contact  the  lower  end  of  the  lever  n  is  withdrawn  from  being  over  the  top  of  the 
lever  n',  leaving  that  lever  at  liberty  to  turn,  and  the  catch-box  h«  thereupon 
drops  into  gear,  and  motion  is  communicated  to  the  scrolls  h'  and  h',  and  to  the 
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cords  H»  and  h'  The  cord  h»  is  at  one  end  attached  to  the  scroll  n',  and  passes 
thence  round  the  pulley  h"  to  the  ratchet  pulley  h»  fixed  to  the  back  of  the  carnage 
snuare  The  cord  h'  is  at  one  end  attached  to  the  scroll  H^  and  passes  thence  round 
the  pidlev  H'"  to  the  ratchet  pulley  h"  fixed  to  the  front  of  the  carnage  square.  It 
will  thus  be  seen  that  the  carriage  is  held  in  one  direction  by  one  band,  and  in 
another  by  the  other  baud,  and  that  it  can  only  be  moved  m  either  direction  by  the 
one  scroll  giving  off  as  much  cord  as  the  other  winds  on.  When  the  catch- box  h» 
drops  in  gear,  the  scroU  h'  winds  the  cord  on  and  draws  the  carriage  m.  It  will 
thus  be  seen  that  the  caiTiage  is  drawn  out  by  means  of  the  back  or  drawing-out 
shaft  G,  and  is  drawn  in  by  the  scroU  h'.  The  winding  on  of  the  thread  in  the  form 
of  a  cop  is  effected  by  means  of  Mr.  Roberts's  ingenious  application  of  the  quadrant 
or  radial  arm  o',  screw  i,  and  winding-on  chain  and  band  The  chain  is  at 
one  end  attached  to  the  nut  i'  and  at  the  other  to  the  band  i'.  During  the  coming 
out  of  the  carriage  the  drawing-out  shaft  through  the  means  of  the  wheels  g',  g^ 
G*,  and  g',  shafts  and  G^  and  pinion  g",  moves  the  quadrant  which,  by  the  time 
the  carriage  is  quite  out,  will  have  been  moved  outwards  a  little  past  the  perpen- 
dicular. The  chain  is  wound  on  to  the  barrel  by  means  of  the  cord  o,  which  being 
fixed  and  lapped  round  the  barrel  as  the  carriage  moves  outward  causes  it  to  turn. 
On  the  barrel  is  a  spur  wheel  which  gears  into  a  spur  pinion  on  the  tin  roller  shaft 
(these  wheels  being  under  the  frame  side  are  not  seen  in  the  drawing).  The  spur 
pinion  is  loose  on  the  tin  roller  shaft,  and  as  the  carriage  comes  out  it  turns  loosely 
thereon,  but  as  the  carriage  goes  in  the  chain  turns  the  barrel  round,  and  with  it 
the  spur  pinion.  A  catch  on  a  stud  fixed  in  the  side  of  the  pinion,  at  that  time 
taking  into  a  tooth  of  the  ratchet  wheel  i  fast  on  the  tin  roller  shaft,  the  motion  of 
the  spur  pinion  is  communicated  to  the  tin  roller  shaft,  and  thence  to  the  spindles, 
causing  the  thread  or  yarn  spun  during  the  coming  out  of  the  carriage  to  be  wound 
on  the  spindles,  in  the  form  of  the  cop,  while  the  carriage  goes  in.    At  the  com- 
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mencement  of  the  formation  of  a  set  of  cops,  when  the  yarn  is  being  wound  on  the 
bare  spmdles,  the  spindles  require  to  have  a  greater  number  of  turns  given  to  them 
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than  they  do  when  the  cop  bottom  is  formed  ;  to  produce  this  variation  the  followine 
means  are  employed.    A  t  the  commencement  of  each  set,  the  screw  in  thTrad ial  arm 

hSt  on  \l  T  '  *°  ''''  '^"""'^  °'  ^here  it  is  near  to  th^ 

8hatt  on  which  the  quadrant  moves;  consequently  little  or  no  motion  is  given  to  the 
chain,  and  the  carnage,  as  it  goes  in,  causes  the  chain  to  be  drawn  off  the  band.  As 
tUe  tormation  of  the  cop  bottom  proceeds,  the  screw  is  turned  and  the  nut  is  rai'^ed  •  bv 
w-hich  means  a  less  quantity  of  chain  is  drawn  off  the  barrel  ;  the  chain,  at  the  point 
ot  attachment  gradually  following  the  carnage  as  it  goes  in. 

During  the  going  in  of  the  carriage  the  quadrant  is  drawn  down  or  made  to  follow 
the  carriage  by  the  chain  pulling  it,  the  speed  at  which  it  is  allowed  to  descend  ij 
regulated  by  the  motion  of  the  carriage  ;  the  quadrant,  during  the  going  in  of  the 
carriage,  through  the  pinion  g«,  shafts  G»  and  g»,  and  wheels,  g',  and  g»  drivinc 

the  drawing-out  shaft.  ° 

When  the  carriage  has  completed  its  inward  run,  the  bowl  a*  comes  in  contact  with 
the  piece  a»,  and  depresses  it  and  the  end  of  the  lever  K»  to  which  it  is  attached, 
and  also  the  slide  c,  which  then  allows  the  catch  box  k'  to  be  put  in  contact  and 
causes  the  cam  shaft  to  make  another  half  revolution.  During  this  half  revolution  of 
the  cam  shaft,  the  cams  cause  the  catch  box  m  to  be  put  in  contact,  and  the  driving 
strap  to  be  traversed  on  to  the  fast  pulley,  and,  by  the  latter  movement,  the  catch  box 
H  IS  taken  out  of  gear  and  the  winding-in  motion  of  the  scrolls  ceases,  and  the 
carnage  will  again  commence  its  outward  run,  and  with  it  the  spinning  of  the 
thread.  " 

Fig.  625  is  a  view  of  a  beetling  machine,  made  by  Mr  Jackson,  of  Bolton,  for  the 
firm  of  Messrs.  Bridson,  Son,  and  Co.,  of  that  town,  a  is  the  beetling  roller,  and  b,  c, 
are  the  rolls  of  cloth  which  are  to  receive  the  peculiar  finish,  which  beetling  alone  can 
give  to  cotton  cloths. 

Although  this  is  a  very  simple  machine,  yet  it  is  questionable  if  it  or  any  other 
modern  invention  can  etfectually  take  the  place  of  the  old  fashioned  but  useful 
upright  wooden  beetle. 

See  Lace-Making,  Singeing,  Textile  Fabric,  Thread  Manufacture,  and 
Weaving. 

We  extract  the  following  from  the  Circular  of  Hermann  Cox  and  Co.,  dated  19th 
July,  1852. 

Exports  from  1st  January  to  5th  May,  as  follows  : 

1R52.  1851. 

Exportations  of  Yarn     -       -       -       50,399,189  lbs.       42,630.812  lbs. 
„  Manufactured  Goods     509,350,295  yds.     493,915,720  yds. 

Consequently  a  considerable  surplus  on  both  over  1851  ;  the  official  return  till  5th 
June,  again  shows  an  increase,  viz. 

1852.  1851. 

Exportations  of  Yarn     -       -       -       63,418,111  lbs.       54,684,370  lbs. 
„  Manufactured  Goods     649,341,927  yds.     630,581,674  yds. 

The  following  is  a  return  of  exports  from  Hull,  from  1st  January  till  30th  June; 

Manufactured 

Twist.  Other  Yarn.  Cotton  Goods.  Raw  Cotton. 

1852       -    33,182  bales        12,115  bales        11,536  bales  65,186  bales 

1851       -    31,601    „  9,634    „  11,347    „  35,054  „ 

The  following  extracts  from  the  circular  of  Messrs.  Learing  &  Co.  present  so 
complete  a  view  of  the  state  of  the  cotton  trade  at  this  date,  that  they  are  now  and 
will  continue  of  much  interest  and  importance  :  — 

"Mobile,  September  1st,  1858. 

"  The  close  of  the  commercial  year,  ending  the  31st  of  August,  gives  the  total  receipt 
of  cotton  at  all  the  American  ports  as  3,113,962  bales,  against  2,939,679  bales  of  the 
year  previous.  Of  the  past  year's  receipts  England  took  1,809,966  bales,  the  rest  of 
Europe  780,489  bales,  while  the  United  States  bought  595,562  bales.  This  shows  an 
increase  to  Great  Britain,  a  falling  off  in  the  exportations  to  the  Continent  and  other 
parts,  and  a  diminished  consumption  in  the  United  States. 

"  It  is  important  to  remark,  that  this  falling  olf  in  the  exportation  to  the  Continent 
of  Europe,  and  also  the  home  consumption,  does  not  necessarily  involve  any  actual 
diminution  in  consumption  ;  because,  what  the  Continent  of  Europe,  failed  to  take 
direct  of  the  raw  material,  will  be  represented  by  increased  re-exports  from  Liver- 
pool, and  increased  demands  for  yarns  from  the  English  spinner;  and  what  the 
United  States  failed  to  buy  and  work  up,  has  been  bought  and  will  be  worked  up  by 
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others.  Consequently,  although  on  the  surface  a  falling  off  In  consuniption  may 
appear  as  in  regard  to  the  Continent  and  America,  the  demand  ^.11  be  supplied 
throu"h  other  channels  in  a  proportionately  mcreased  ratio. 

"Added  to  this  established  consumption,  is  the  natural  increase  throughout  the  world 
in  excess  of  supply.  The  opening  up  of  China,  and  the  mutiny  m  India,  which,  by 
nten  up  inK  not  only  the  g.'owth  of  cotton  there,  but  also  the  weaving  industry  of 
re  uativ  s^as  increased  the  demand  for  yarns  and  cloths  from  England,  conspire  to 
add  to  the  demand  for  our  staple.  The  last  large  receipts  of  Surats  from  Indja 
occurred  during  the  blockade  of  the  Chinese  ports;  consequently  the  exports  from 
Bombay,  usually  sent  to  China,  were,  by  this  cause,  thrown  upon  the  Liverpool 
market,  induced  also  by  the  attraction  of  high  prices.  .  •    .    j  a 

"  The  universal  prevalence  of  the  panic,  the  long  continued  prostration  in  trade,  and 
the  working  of  short  tiir.e,  have  reduced  the  stocks  of  goods  everywhere ;  and  this 
special  feature  is  met  in  the  markets  of  the  raw  material  with  a  similar  exhaustion. 
The  reports  in  regard  to  the  growing  crop  are  conflicting.  What  with  the  certam 
effect  of  the  floods  in  the  Mississippi  Valley,  and  the  infoiToation  from  various  sources 
in  regard  to  the  injury  the  young  plant  is  receiving,  serious  apprehensions  are  enter- 
tained of  another  comparatively  short  crop.  It  is  worthy  of  remark  that  conflicting 
interests  generally  take  opposite  views  in  regard  to  the  future  prospects  of  the  grow- 
ing crop.  The  hopes  and  apprehensions  of  the  buyer  and  seller,  combined  with  the 
natural  disposition  to  embrace  that  view  which  is  dictated  by  self-interest,  must 
continue  to  characterise  all  the  reports  upon  cotton,  either  from  Europe  or  this  side. 
But  it  is  well  for  our  European  friends  to  have  clearly  before  them  the  utmost  cotton 
crop  America  can  yield  under  the  best  possible  conditions  embraced  in  a  wide  area 
under  cultivation,  an  early  spring,  a  good  stand  in  the  field,  a  propitious  summer,  and 
a  favourable  autumn.  Accepting  these  rare  conditions  as  embraced  within  any  one 
year,  it  is  simply  impossible  for  the  United  States  to  produce  for  commercial  purposes, 
with  the  present  supply  of  labour,  beyond  a  certain  amount  of  cotton.  As  the  best 
standard  by  which  to  arrive  at  this  capacity  for  '  utmost  production '  in  America,  we 
select  the  year  1855-56.  The  commercial  crop  that  season  was  3,527,845  bales, 
from  which  must  be  deducted  for  cotton  remaining  over  from  the  year  previous,  on 
hand  in  the  interior,  or  in  stock  on  the  sea-board,  say  250,000  bales.  This  leaves  as 
the  'ftctual'  or  'new'  crop  of  1855-56  the  reduced  amount  of  .3,277,845  bales. 
The  season  here  taken,  will  be  remembered  as  the  most  favourable  ever  known  to  a 
large  production.  It  was  also  stimulated  in  its  growth  by  previously  ruling  high 
prices.  Accepting  as  correct  the  generally  received  data  that  the  negi'o  labour  force 
in  the  cotton  states  increases  at  the  rate  of  five  per  cent,  per  annum,  would  give 
fifteen  per  cent,  increase  for  the  three  years,  from  1856  to  1858-59.  This  increase  of 
labour  thrown  into  the  cotton  yield  would  seem  to  indicate  3,760,000  bales  (more  or 
less)  as  the  utmost  possible  capacity  of  production  for  the  year  ending  1st  September, 
1859.  In  explanation,  it  is  worthy  of  remark  that  the  increase  upon  the  increase, 
which  we  have  not  estimated,  in  ^he  three  years,  would  make  the  production  even 
larger.  Yet  we  see  in  the  succeeding  years  a  falling  off  from  the  production  of 
1855-56  instead  of  an  advance.  The  total  commercial  crop  of  1856-57  was  only 
2,939,519  bales,  while  the  season  just  closed  gives  the  limited  yield  of  3,113,962 
bales. 

"  The  production  of  cotton  in  America  is  not  therefore  limited  by  soil.  It  is  a 
question  of  labour,  the  negroes  being  almost  exclusively  the  producers.  Now  a  negro 
can  only  '  pick '  so  many  pounds  of  cotton  a  day,  and  no  more.  There  is  a  certain 
number  of  negroes;  and  these  cannot  be  added  to  otherwise  than  by  the  natural  increase 
of  population  already  estimated.  They  cannot  be  increased  by  immigration.  The 
cotton  picking  season— that  is,  the  cotton  harvest — cannot  extend  beyond  a  certain 
number  of  days.  Estimating,  therefore,  the  largest  number  of  negro  labourers,  the 
greatest  amount  of  cotton  per  day  to  the  hand,  and  the  longest  possible  extension  of 
the  harvest  or  picking  season,  and  we  have  the  utmost  possible  production  of  the  new 
crop.  As  before  stated  the  cotton  year  of  1855-56  presented  all  these  favourable  cha- 
racteristics. Since  then,  the  crop  has  been  reduced  in  exact  proportion  as  either  of 
these  features  were  affected.    In  illustration,  the  following  statement  is  instructive. 

"  In  1844  the  first  receipt  of  '  new  Cotton  '  on  the  sea  board  was  on  the  23rd  of 
July,  the  receipts  at  New  Orleans  on  the  1st  of  September  being  5,720  bales.  The 
crop  that  year  was  considered  large,  being  2,394,503  bales. 

"In  1846  the  first  receipt  of  'new  cotton'  was  on  the  7th  of  August,  and  the 
receipts  at  New  Orleans  on  the  1st  of  September  only  140  bales  !  Here  notice  the 
falling  off  in  the  total  crop  that  year,  the  same  being  only  1,778,651  bales. 

"  In  1848  we  have  a  receipt  on  the  1st  of  September  at  New  Orleans  of  2,864  bales 
and  a  total  crop  of  2,728,596  bales.  ' 

"  In  1849  (the  succeeding  year)  we  find  the  receipts  at  New  Orleans  on  the  1st  of 
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September  to  be  only  477  bales,  and  the  crop  for  that  year  falling  off  to  2,096,700 

"In  1851  we  find  an  unusually  early  receipt  of  the  'first  bale,'  and  a  receint  of 
new  cotton  at  New  Orleans  on  the  1st  of  September  q^"  over  3,000  balesr  Th?cro„ 

"  /n'TftTo         ^^'Sest'yev  grown  up  to  that  periodTbeing  over  3,000,000  bales  !^ 
in  1852  (the  succeeding  year)  we  find  the  receipts  at  New  Orleans  on  the  1st  of 
fo  &     '°  ^'''Sest  receipt  ever  known  up  to  that  t  me 

followed  in  exact  ratio  by  the  largest  crop  ever  grown,  being  3,262,882  bales 

'  In  1853  we  have  a  late  receipt,  followed  by  a  diminished  crop 

«  T°  ^^^n^""'^  have  anothersmall  receipt  on  the  Istof  September,  with  a  small  total  crop. 
In  1855  we  find  an  unusually  early  receipt  of  cotton,  with  the  receipts  at  New 
Orleans  on  the  1st  of  September  amounting  to  the  unexampled  figure  of  23,382  bales! 
^lf''\^^f,?'°'P  this  early  heavy  receipt,  being  over  3,500,000  b^les. 

In  1856  (the  next  year)  the  receipts  at  New  Orleans  on  the  1st  of  September 
were  only  1,166  ba  es,  and  the  crop,  true  to  the  principle  of  Laboob,  on  which  it 
depends  so  much,  fell  to  2,933,781  bales.  u  ,      wmcn  « 

"  In  1857  the  receipts  on  the  1st  of  September  of  new  cotton  at  New  Orleans  was 
only  33  bales,  followed  by  a  short  crop. 

"  In  this  year  the  receipts  up  to  date  at  New  Orleans  figure  up  4,834  bales  em- 
bracing, of  course,  the  flooded  districts.  ' 
_  "  Referring  to  our  annual  tabular  statement,  it  will  be  found  that  the  ratio  of  increase 
m  consumption  keeps  pace  with  increase  of  production,  if  indeed  it  does  not  exceed 
the  latter." 


Growth  and  Consumption  of  the  United  States. 


Years. 


1839-  40 

1840-  41 

1841-  42 

1842-  43 

1843-  44 

1844-  45 

1845-  46 

1846-  47 

1847-  48 

1848-  49 

1849-  50 

1850-  51 

1851-  52 

1852-  53 

1853-  54 

1854-  55 

1855-  56 

1856-  57 

1857-  58 


New 
Orleans. 


953,672 
814,680 
727,058 
1,060,246 
832,172 
929,126 
1,037,144 
705,979 
1,190,733 
1,093,790 
781,886 
933,369 
1,373,464 
1,580,875 
1,346,925 
1,232,644 
1,661,433 
1,435,000 
1,576,409 


136,257 
93,552 
114,416 
161,088 
145,562 
118,693 
141,184 
127,852 
153,776 
200,186 
181,344 
181,204 
188,499 
179,476 
155,444 
136,597 
144,404 
136,344 
122,351 


445,725 
320,701 
318,315 
481,714 
467,990 
517,196 
421,966 
323,462 
436,336 
518,706 
350,952 
451,748 
549,449 
545,029 
538,684 
454,595 
659,738 
503,177 
522,364 


Texas. 


27,008 
9,317 
39,742 
38,827 
31,263 
45,820 
64,052 
85,790 

110,325 
80,737 

116,078 
89,882 

145,286 


Georgia. 


292,693 
148,947 
232,271 
299,491 
255,597 
295,440 
194,911 
242,789 
254,825 
391,372 
343,635 
322,376 
325.714 
349,490 
316,005 
378.694 
389,445 
322,111 
282,973 


South 
Carolina. 


313,194 
227,400 
260,164 
351,658 
304,870 
426,361 
251,405 
350,200 
261,752 
458,117 
384,255 
387,075 
476,614 
463,203 
416,754 
499,272 
485,976 
397,331 
406,251 


North 
Carolina. 


9,394 
7,865 
9,737 
9,039 
8,618 
12,487 
10,637 
6,061 
1,818 
10,041 
11,861 
12,928 
16,242 
23,496 
11,524 
26,139 
2".,n98 
27,147 
23,999 


Virginia, 


26,900 
21,800 
21,013 
15,639 
15,6C0 
25,200 
16,282 
13,991 
8,952 
17,5.50 
1 1 ,500 
20,737 
20,99,'. 
35  523 
34,366 
38,661 
34,673 
28,527 
34,329 


Total 
Growtli  of 
United 
Stales. 


2,177,835 
1,634,945 
1,683,574 
2,378,875 
2,030,409 
2.394,503 
2,100,537 
1,778,651 
2,347,634 
2,728,596 
2,096,706 
2,355,257 
3,015,029 
3,262,882 
2,930,027 
2,847,339 
3,517,845 
2,939,519 
3,113,902 


Consumed 
and  in 

Spinners' 
hands. 


201,279 
297,288 
267,850 
32.5,129 
340,744 
389,006 
422,597 
427,967 
531,772 
518,039 
487,769 
404,108 
603,029 
671,009 
610,571 
593,584 


Stock  in  Ports,  and  Price  of  "  Middling"  New  Orleans,  at  the  Close  of  each  Year. 


1840 

1841 
1842 
1843 
1844 
1845 
1H46 
1847 
1843 
1849 
18.W 
1851 
18.12 
18.53 
18.54 
1855 
1856 
18.57 


305,000 
279,600 
283,400 
483,200 
544,900 
693,100 
302,800 
239,200 
273,300 
316,400 
273.900 
245,800 
.•(60,700 
308,900 
311,800 
230,:)00 
178,130 
202,430 


Brazil. 


23,700 
46,100 
58,700 
68,300 
02,700 
52,300 
23,700 
59.300 
68,700 
95,200 
08,700 
49,500 
54,600 
48,900 
47,500 
63,100 
27,170 
36,180 


98,500 
1.57,600 
179,900 
193,200 
239,200 
241,000 
157,400 
125,100 
137,200 
107,800 
143,400 
172,000 
133,100 
270,600 
204,000 
133,100 

99,480 
191,330 


West  Indies. 


14,300 
24,700 
20,200 
12,200 
13,700 
6.100 
4,50U 
2,200 
2,600 
2,000 
1,300 
1,300 
5,800 
4,000 
4,000 
3,500 
700 
5,020 


Egyptian, 
2cc. 


22,500 
31,400 
22,200 
28.800 
41,400 
67,900 
67,400 
26,100 
16,800 
38,000 
35,100 
25,900 
103,200 
8.5,100 
59,000 
50,500 
27,170 
17,5  0 


ToUI. 


Bales. 
464,000 
.539,400 
564.400 
783,700 
901,900 
1,060,400 
545,800 
451,900 
498,000 
559,400 
522,400 
494,.500 
657,400 
717..500 
620,300 
486,.5O0 
332,740 
452,550 


Equal  to 
W'lek's  Con- 

Price of 

IVliddling, 
31st  Sec. 

sumption. 

d. 

19 

6 

24 

25 

29 

33 

35 

IS 

7i 

20 

1* 

18 

18 

f'i 

18 

'i 

IS 
18 

4| 

20 

17 

12 

8 

n 

12 
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COTTON  MANUFACTURE. 

Price  of  Cotton,  at  Liverpool,  at  the  close  of  each  Year. 


Description. 


Soa  Island 
Staiuoil  ditto  - 
Upliind  - 
Mobile  - 
New  Cleans  - 
I'ernnmbuco 
Bahia  N  Maceio 
Maraiiliam 
Peruvian 
Egyptian 
Demerara,  &c.  - 
Common  W.  In. 
Laguira,  &c. 
Carthagena 
Smyrna  - 
Surat 
Bengal  - 
Madras  - 


1840. 


d.  d. 

•28  @  3« 


H  9 

n  m 


10 


5i 


1841. 


1842. 


d.  d. 

•24  @  28 


7f 
10 


94 


H  12} 
lOJ  12 

-   \  - 


6i 


d. 
24 


72 


8  lOi 
8i  lOi 


41 


1843. 


d.  d. 
I0}@20 
ft  10 
4j 

4 
H 


3} 


1844. 


Description. 


184ft. 


d. 
104 

3, 
3, 

a' 
ft 

.'SB 
4' 

4 

4 

4 

H 


d. 

@20 
8 

6 
6i 
8 

5 

3i 
3f 
3i 


184C. 


Sea  Island 
Stained  ditto 
Upland  - 
Mobile  - 
New  Orleans  - 
Pernambuco 
Bahia  &  Maceio 
Maranham 
Peruvian 
Egyptian 
Demerara,  &c.  - 
Common  W.  In. 
Laguira,  &c. 
Cartliagena 
Smyrna  - 
Surat 
Bengal  - 
Madras  - 


1849. 


d. 

12  @ 
G 

4 

(ii 
'I 

?! 
J! 

4i 

4 
4 

H 


1850. 


d.  d. 

d. 

d. 

9  @  24 

@24 

6  9 

12 

5i  H 

7 

51  H 

7 

H  8 

7 

•! 

8i 

6i  (ii 

8i 

6  C| 

74 

9| 

6  9 

75 

11 

5f  Ik 

9^ 

54  6f 

9 

6  Oi 

41  Si 

P 

4  5 

4f 

4J  5 

4f 

6S 

18SI. 


d.  d. 
10i@24 


4 
4 
4 
4 

5f 


ft* 

% 
3 

3f 
2i 

2f 
2} 


10 

^1 

6" 

7 

Gi 

7i 

9 

9 

64 

5i 

4 

4i 
44 
3S 
4 


1852. 


d.  d. 
16  @  30 
'■  11 


54 
4f 
■If 
44 

fti 

ft? 
ftl 

4 

4 

3i 


ft 

'  S 

13 
12 
9 

52 

3i 

4i 

5 

4 

4* 


8 

lOj 
I  OA 

V- 

^ 

k 

4} 


1847. 


rf.  d. 
7  @  20 
4  8 


6 
fti 

4i 

fti 

H 

4| 

44 


1848. 


d.  d. 
7  @  16 
34  Gj 

4 


4I 

4i 

5 

44 
4 

34 

2f 

2| 
2I 


ft 

•H 

7 

6| 

ft 

4 

3i 

3 
3 
3 


18S3. 


d.  d. 
9i@34 
10 


6? 
64 

? 
13 
11 

9 

6 

3A 


1854. 


d.  d. 

8  @  32 
4  9 
6 
6 
7 
8 

64 
74 

er 
10 
9 


4|  2J  4i 

34;  2^  3i 

44  ^  4 


18S5. 


d.  d. 

7J@32 
8 


4 
44 

44 
44 

6 

P 

fti 
ftl 

5f 
5 

ft4 
34 


31 

3 

34 


1856. 


d.  d. 

10J@32 
6  9} 


8 

8; 
8i 
7; 
%l 

1? 

"9^ 


1857. 


ft 
4 
4 
4 

61 

P 

6 
5 
5f 
3f 


d. 

28 


64 
GS 
71 

64 


4^ 


5 

3f 


Price  of  Water  and  Mule  Twist,  in  Manchester,  on  the  3lst  of  December  in  each  Year. 


Mule  Twist. 


Common 
Seconds 


Best 
Seconds 


Water  Twist. 


Common 
Seconds 


Best  . 
Seconds  -  ' 


No. 


2) 


1810 


8 

61 

9 

81 

101 

91 

10^ 

12 

14A 

124 

ig| 

1ft 

184 

17 

9 

7^ 

1^* 

io| 

I3I 

114 

12 

16 

16 

18^ 

18 

21 

■20^ 

1841 


1842 


6f 

64 

7f 

8 

9 

9 

124 

124 

VI 

74 

9 

84 

12 

10 

154 

134 

64 


1844 


94 
10 
12 
I6| 
I  Si 
204 


184ft 


9| 
lOf 

"I 
13| 

IGJ 
214 


184C 


1847 


61 
71 
7| 
Hi 

10 

12 

I4i 

G| 

71 

I' 
II 
13 
144 

16 


1848 


1849 


1850 


94 
I0| 
121 
I. if 
154 
171 
191 

85 
10 

''4 

16 

I7f 

20 


1851 


64 


1852:1853 


5§ 


6| 


17  174 


1854 


1855 


61 


1856 


61 


1857 


61 


H 
lOi 
II 
12 
16 

6f 

8* 

\? 
114 

1 64 1 


COTTON  MANUFACTURE. 
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The  Growth,  Consumption,  and  Export  of  Cotton  from  the  United  States  during  the  last 

Fifteen  Years. 


Years. 


1S45-46 
18-iri-47 
1S47-JS 
18.18-49 

1849-  50 

1850-  51 

1851-  52 
1S52-53 

1853-  54 

1854-  58 

1855-  56 

1856-  87 
1887-58 


Cropofthe 
United 
States. 


2,394,503 
2,100,.537 
1,778,651 
2.347,634 
2,728,696 
2,1196,706 
2,356,257 
3,015,029 
3,262,882 
2.930,027 
2,847,339 
3,527,843 
2,939.519 
3,113,962 


Consump- 
tinn  in  the 
United 
States. 


389.006 
422.897 
427,597 
616,044 
612,285 
613,498 
486.614 
6P9,603 
803,725 
737,236 
706,412 
770,739 
819,936 
595,562 


Great 
Britain. 


.1,439,306 
1,102,309 
830,909 
1,324,265 
1,537,901 
1,106,771 
1,418,255 
1,668,749 
1,736,8IJ0 
1,603,750 
1,549,716 
1,921,386 
1 ,428,870 
1,809,968 


Exported  to 


France. 


359.3.57 
359,703 
241,486 
279,172 
308,259 
289.097 
301,358 
4  2 1, .375 
426,728 
374,058 
4(19,931 
480,037 
413,3.57 
384,002 


North  of 
Europe. 


134,801 
86,092 
75,689 
120,348 
165,458 
72,256 
129,492 
168,875 
171,176 
165,172 
135,200 
304.005 
245,798 
218,148 


Other  F. 
Countries 


150,.592 
118,028 
93,138 
134,470 
156,226 
121.001 
139.595 
184,647 
19:i,036 
170,108 
149,367 
248,.578 
161,632 
181,342 


Total. 


2,083,756 
1,606.792 
1,241,222 
1,858,201 
2.227,844 
1,590,155 
1,988,710 
2.443,645 
2,528,490 
2,319,148 
2,244,209 
2,954.606 
2.2.i2,6.57 
2,589,968 


Cotton  Crop  of  the  United  States. 


18,5". 

1888. 

New  Orleans  - 
Mobile     .      -  - 
Florida    .      -  - 
Georgia  - 
South  Carolina 
North  Carolina 
Virginia  - 
Texas  - 
Tennessee,  &c. 

1,435,0011 
503.177 
1.36.344 
322.111 
397.331 
27,147 
23,733 
f9,8a2 
9,624 

1,576,409 
522.,364 
122,351 
282,973 
400,251 
23,999 
24  705 
145,286 
4,764 

Total  crop 

3,1 13.962 

2,939,519 

Total  crop  of  1858, 

as  above 
Crop  of  last  year 
Crop  of  year  before  - 

3,113.962 
2,939,519 
3,527,845 

Increase   from  last 
year     -      -  - 

De<'rease  from  year 
before  -  - 

174,443  i 
413,883  ' 

Export  to  I'"oreign  Forts  in  1857-S. 


New  Orleans  -  bales 

Mobile     -  -  „ 

Texas      -  -  „ 

Florida     -  -  ,, 

Savannah  -  -  ,, 

Charleston  -  ,, 

North  Cirolina  ,, 

Vir^^inia  -  ,, 

Tiallimore  -  ,, 

Philadelphia  -  „ 

New  Yoik  -  „ 

iioston     -  -  „ 

Total 

Total  last  year  - 

Increase   .  -  . 


Great 
Britain. 

To  France 

and  the 
Continent. 

Total. 

1,016,716 
265,464 
33,933 
25.771 
149,340 
192,251 

478,384 
121,508 
16,404 

18,356 
107,1.53 

1,495,070 
387,032 
80,338 
26,771 
167,700 
299,404 

4!.'5 
164 
995 
110,721 
14,110 

37,100 
1,853 

495 
164 
995 
147,821 
15,063 

1,809.906 
1,428,870 

780.489 
823,787 

2„590,4.55 
2,252,657 

381,096 

16,710 

397,806 

Consumption. 


Total  Crop  of  Bales. 


Quantity  ronsumed 
by,  and  in  the 
hands  of  IMaiiu. 
facturers. 


Total  crop  of  United  States,  1858  - 
Add  Stocks  on  hand  at  the  commence- 
ment ofthe  year  1  st  September,  18.57 :  

In  the  southern  ports  -  -  - 
III  the  northern  ports      -      .  - 


Makes  a  supply  of  - 

Deduct  the  export  to  foreign 

ports  -  -  -  t  .  2.890,4.55 
Less  foreign  included    -      -  723 


3,113,962 


23,680 
25,678 


49,2.58 


3,163,220 


Stocks  on  hand  at  the  close  of  the  year 
1st  September,  1858:  — 

In  the  southern  ports  -  .87,604 
In  the  northern  ports     -  4.5,322 


Burnt  at  New  York  and  B.iltimore,  and 
manufactured  in  Virginia  -      .  . 


Taken  for  home-use 


2,589,732 

102,926 
18,377 


2,711,035 


598,862 


18.57-  8 
1856—7 

18.58—  6 
18.54-5 
18.5.3—4 
lt-52— 3 
1851—2 
1 860-51 
1849-60 
1848—9 
1847—8 
1846—7 
184.5—6 
1844— S 
1843—4 
1842-3 
1841—2 
1840—1 
1839-40 
1838—9 
1837-8 
1836—7 
1835—6 
18.34—5 
1833—4 
1832-3 


3,113,902 
2,939.519 
3,527,845 
2,847,339 
2,930,027 
3,202,8S2 
3,015.029 
2.3.55,2.67 
2;090,7nfl 
2,728,.596 
2,347,034 
1,778,061 
2,100,637 
2,394,603 
2,030,409 
2,.378,875 
1 .683,574 
1 ,6.t4,945 
2,177,835 
1,,360,532 
1,301,497 
1,422,930 
1,300,725 
1,264,328 
1 ,208,394 
1,070,438 


Bales. 

8:9,936 
770,739 
9(16,412 
737,2.36 
803.725 
699,003 
404,108 
487,709 
518,039 
831.772 
427,907 
422,. 697 
389,006 
316,744 
325,129 
267,s50 
297,288 
29.5,193 
276.018 
246,063 
2-'2.540 
236,733 
216,888 
196,4.3 
194,415 


Vol..  r. 


3  M 


D.  M. 


898 


CRANES. 


COTTON  (GUN).    See  Oun  Cotton. 

COURT  PLASTER  i.s  a  considerable  object  of  manufacture.  Silk,  sarcenet,  fine 
musliu  and  prepared  skins,  usually  receive  preparations  of  isinglass  or  paste,  to  be 
again  covered  by  spiritous  solutions  of  gum  resinsj*in  some  cases  flour-paste  arid 
isinglass  alone  are  employed,  in  others  isinglass  in  spirit  of  wine  on  oiled  silk.  It  is 
made  as  follows  (according  to  Dr.  Paris)  : 

Black  silk  is  strained  and  brushed  over  ten  or  twelve  times  with  the  following  pre- 
paration :  —  Dissolve  ^  an  ounce  of  balsam  of  benzoin  in  6  ounces  of  rectified  spirits  of 
wine;  and  in  a  separate  vessel  dissolve  1  ounce  of  isinglass  in  as  little  water  as  may  be. 
Strain  each  solution,  mix  them,  and  let  the  mixture  rest,  so  that  any  undissolved  parts 
may  subside  ;  when  the  clear  liquid  is  cold  it  will  form  a  jelly,  which  must  be  warmed 
hefore  it  is  applied  to  the  silk.  When  the  silk  coated  with  it  is  quite  dry  it  must  be 
finished  off  with  a  coat  of  a  solution  of  four  ounces  of  Chian  turpentine  in  6  ounces  of 
tincture  of  benzoin,  to  prevent  its  cracking.  The  application  of  collodion  has  tended 
to  limit  the  uses  of  this  manufacture.  Gold-beaters'-skin  or  prepared  membrane  are 
coated  with  isinglass,  and  this  again  with  solutions  of  gutta-percha  or  caoutchouc  in 
chloroform  or  other  solvents.  Court  plasters  are  also  prepared  transparent,  flesh- 
coloured,  &c.  &c. 

COW  DUNG,  employed  in  the  processes  of  dunging  in  Calico  Printing,  whichsee. 

COW  DUNG  SUBSTITUTE.  Sulphate,  carbonate,  and  phosphate  of  lime  and 
soda.    See  Calico  Printing. 

CRANES,  Tubular.  Among  the  many  applications  of  the  hollow-girder  system, 
this  is  one  of  the  most  ingenious. 


634 


6R3 


Fi,.  626  is  a  vertical  section  of  a  crane,  constructed  according  to  a  recent  invon.ion 
and  calculated  for  lifting  or  hoisting  weights  up  to  about  8  tons.    F,y.  037,  is  an 


CRANES. 


899 


coQ  Roa  fim  nnd  631.  are  cross  sections,  on  the  lines  a  6, 

c  d,  ej,_9'\y  auuyy-  "    '  ,  £  rectangular  m  its  cross- 

s"Sn"as?arSSylrn  The  four^sides  are  forced 

Tmel^  VllS  &rJy  riveted  together.  Along  the  edges  the  connecUoa  of  the 
DlatTs  s  effected  by  means  of  pieces  of  angle  iron.  The  connections  of  the  plates  at 
S  f  IssSm ts  on  the  convex  or  upper  side  of  the  jih  are  made  by  the  ^^-^^^son  of 
a  Dlate  Which  covers  or  overlaps  the  ends  of  the  two  plates  to  be  joined ;  the  rivets. at 
this  part  arelds^  as  represented  mfg.  633  (a  plan  of  the  top  plates),  and  known 
as  "  chain  riveting  » ;  b  b  is  the  pillar,  which  is  firmly  secured  by  a  base  plate  p,  to  a 
stone  foundation  b;  and  fits  at  top  into  a  cup-shaped  bearing  c,  which  is  so  farmly 
secured  to  the  side  plates  of  the  jib,  at  or  near  to  the  pomt  where  the  curvature  com- 
mences, and  on  which  bearing  the  jib  is  free  to  revolve.  Fig.  632  is  a  transverse  verti- 
cal section  of  the  lower  part  of  the  jib,  showing  the  manner  of  fitting  the  bearings 
for  the  chain-barrel  (which  is  placed  in  the  interior),  and  the  spmdles  and  shalts  ot 
the  wheel  gearing,  by  which  the  power  is  appHed  there  to  d,  is  the  chain  pulley, 
which  is  inserted  in  an  aperture  formed  in  the  top  of  the  jib.  The  chain  passing  over 
this  puUey  enters  the  interior  of  the  crane,  and  is  continued  down  to  the  chain 
barrel  e  is  a  pulley  or  roUer,  which  is  interposed  about  half-way  between  the  chain- 
pulley  and  the  chain-barrel,  for  the  purpose  of  preventing  the  chain  rubbing  against 
the  plates.    Fig.  634  is  a  plan  of  the  lower  plates. 
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CRUCIBLES. 


it  diflfcrs  in  having  the  lower  or  concave  side  a  a,  of  the  jib  strengthened  by  means  of 
tlirec  additional  plates  n  n  k,  whereby  the  interior  is  divided  into  one  large  and  three 
smaller  cells,  as  shown  in  fujs.  G3G  and  637,  which  are  cr^s  sections  upon  the  lines  a  b, 
and  t-  d  of  Jig.  63").  This  iirrangeuient  of  the  cells  to  strengthen  the  lower  or  concave 
side  is  advisable,  in  order  to  obtain  sufficient  resistance  to  the  compression  exerted  by 
the  load  lifted,  without  unnecessarily  increasing  the  weight  of  the  other  parts. 
The  tension  exerted  upon  the  upper  or  convex  plates  does  not  require  so  much  ma- 
terials to  withstand  it ;  c,  is  the  toe  of  the  jib,  which  rests  in  a  step  foi-med  in  the  hot  • 
torn  of  the  cylindrical  castings  d,  which  is  built  into  the  masonry  forming  the  basis  of 
the  machine,  e  e  are  two  of  a  set  of  pulleys,  which  are  mounted  between  two  rings  f  f, 
and  serve  as  anti-friction  rollers  for  the  upper  bearing  of  the  jib.  The  lowermost  of 
the  rings  r  f,  rests  upon  a  set  of  rollers  g  g,  which  are  fitted  into  the  top  of  the  cast- 
ing 1),  so  that  as  the  jib  is  turned  round,  the  rings  f  f,  and  the  anti-friction  rollers 
which  they  carry,  have  perfect  freedom  to  move  along  with  it ;  h  is  a  platform,  upon 
which  the  persons  working  the  machine  may  stand,  and  which  supports  a  column  i, 
within  which  there  is  mounted  a  spindle  k,  the  lower  end  of  which  has  keyed  to  it  a 
pinion  L,  which  gears  into  a  circular  rack  m  m,  bolted  to  the  top  of  the  cylindrical 
casing  d.  n  is  a  worm-wheel  keyed  to  the  top  of  the  spindle  K,into  which  an  endless 
screw,  worked  by  a  hand-wheel,  is  geared,  so  that,  by  turning  the  hand-wheel,  the  jib 
of  the  crane  is  made  to  move  round  in  any  required  direction,  o  is  the  chain-barrel ; 
p  the  chain-wheel;  r  r  pulleys  or  rollers  which  support  the  chain,  and  prevent  its 
rubbing  against  the  plates  of  the  jib. 

In  the  cranes  and  hoisting  machines  described,  the  chain  barrels  are  inclosed  within 
the  jib,  and  the  spindles  of  the  wheel-gearing  are  also  inside  ;  and  this  is  the  dis- 
position of  these  parts  prefei-red ;  but  it  will  be  obvious  that  they  may  be  also 
placed  outside  of  the  jib,  in  a  manner  similarly  to  that  generally  followed  in  the  con- 
struction of  ordinary  cranes.  —  See  Hydraulic  Cranes. 

CRAPE.  (Crepe,  Ft.;  Krepp,  Germ.)  A  transparent  textile  fabric,  somewhat  like 
gauze,  made  of  raw  silk,  gummed,  and  twisted  at  the  mill.  It  is  woven  with  any 
crossing  or  tweel.  When  dyed  black,  it  is  worn  by  ladies  as  a  mourning  dress. 
Crapes  are  crisped  (crepes)  or  smooth  ;  the  former  being  double,  are  used  in  close 
mourning;  the  latter  in  less  deep.  The  silk  destined  for  the  first  is  spun  harder  than 
for  the  second ;  since  the  degree  of  twist,  particularly  for  the  warp,  determines  the 
degree  of  crisping  which  it  assumes  after  being  taken  from  the  loom.  It  is  for  this 
purpose  steeped  in  clear  water,  and  rubbed  with  prepared  wax.  Crapes  are  all  woven 
and  dyed  with  the  silk  in  the  raw  state.  They  are  finished  with  a  stiffening  of  gum 
water.  White  crape  is  appropriated  to  young  unmarried  females,  and  to  virgins  on 
taking  the  veil  in  nunneries. 

Crape  is  a  Bolognese  invention,  but  has  been  long  manufactured  with  superior 
excellence  at  Lyons  in  France,  and  Norwich  in  England.  There  is  now  a  large  manu- 
factory of  it  at  Yarmouth,  by  power-loom  machinery. 

There  is  another  kind  of  stuff,  called  crSpon,  made  either  of  fine  wool,  or  of  wool 
and  silk,  of  which  the  warp  is  twisted  much  harder  than  the  weft.  The  crSpons  of 
Naples  consist  altogether  of  silk. 

CRAYONS.  (Eng.  and  Fr. ;  Pastehtifte,  Germ.)  Slender,  soft,  and  somewhat 
friable  cylinders,  variously  coloured  for  delineating  figures  upon  paper,  usually  called 
chalk  drawings.  Eed,  green,  brown,  and  other  coloured  crayons,  are  made  with  fine 
pipe  or  china  clay  paste,  intimately  mixed  with  earthy  or  metallic  pigments,  or  in 
general  with  body  or  surface  colours,  then  moulded  and  dried.  —  See  Draaving 
Chalks. 

CREAM  OF  TARTAR.    The  Bitartrate  op  Potash,  which  see. 

CREATINE  (Syn.  Kreatine),  CH^N^O"  +  2H0.  A  base  existing  in  the  juice 
of  flesh  and  in  urine  along  with  creatinine.  It  was  discovered  by  Chevreul,  but 
chiefly  investigated  by  Liebig.  ,      ,  p  v 

CREATININE  (Syn.  Kreatinine),  C^H'N^O'.  A  base  produced  from  creatme  by 
the  loss  of  two  atoms  of  water. — C.  G.  W. 

CREOSOTE.    See  Kreosote.  .      c    ^  a 

CRESYLIC  ACID,  C"H^O%— A  homologue  of  carbolic  acid.  See  Carbolic  Acid 
and  Kreosote.  —  C.  G.  W,  i.  • 

CROSS-FLUCKANS  or  FLOOKANS.  The  name  given  by  the  Cormsh  miners 
to  clay  veins  of  more  ancient  formation. 

CROWN  GLASS.    See  Glass.  ^  „       .   ,  , 

CRUCIBLES  (Creusels,  Fr. ;  Schmelztiegel,  Germ.)  are  small  conical  vessels, 
narrower  at  the  bottom  than  the  mouth,  for  reducing  ores  in  docimasy  by  the  dry 
analysis,  for  fusing  mixtures  of  earthy  and  other  substances,  for  melting  metals,  and 
compounding  metallic  alloys.  They  ought  to  be  refractory  m  the  strongest  heats,  not 
readily  acted  upon  by  the  substances  ignited  in  them,  not  porous  to  liquids,  and  capable 
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of  bearing  considerable  alternations  of  temperature  >vithout  cracking ;  on  ^vlnch 
account  thev  should  not  be  made  too  thick.  -  See  Melting  Pots. 

oTuSHlNG  AND  GRINDING  MACHINERY.  See  Grinding  and  Crushing 

^^CRYoTlTE.  The  mineral  from  ^hich  the  metal  Aluminium  is  obtained  with  the 
n-ri^atest  facility.    See  Aldminium.  «  ..       •      r  -ut 

°  ifderive  it^name  from  Kpuos  ice,-{rom  the  circumstance  of  its  being  fusible  in 
the Varie  of  a  candle.    Its  composition  is-aluminium  13-00  ;  sodium  32-8  ;  fluorine 

^■^Uwas  discovered  at  Arksutfiord  in  West  Greenland,  by  Giesecke,  associated  in 
gneiss  with  galena,  pyrites,  and  spathic  iron.    It  is  now  obtained  in  large  quantities. 

CRYPTIDINE,  C-'-^H"N.  A  volatile  base  homologous  with  chinoline,  tound  by 
Greville  Williams  in  the  less  volatile  portion  of  coal  tar. — C.  G.  W. 

CRYSTAL.  A  crystal  is  a  body  which  has  assumed  a  certain  geometric  form.  It 
is  produced  by  nature,  and  may  be  obtained  by  art.  _ 

The  anrients  believed  .quartz  to  be  water  converted  into  a  solid  by  intense  cold,  and 
hence  they  called  that  mineral  crystal  trom  KpvffraWos,  ice.  This  belief  still  lingers, 
many  pei-sons  thinking  that  rock  crystal  is,  in  fact,  congealed  water.  The  term  cri/stal 
is  now  applied  to  all  solid  bodies  which  assume  certain  regular  forms.  A  crystal  is 
any  solid  bounded  by  plane  surfaces  symmetrically  arranged.  Each  mineral  has  its 
own  mode  of  crystallisation,  by  which  it  may  be  distmguished,  and  also  its  own  pecu- 
liarity of  inter?ial  structure. 

We  may  have  a  mineral  in  a  considerable  variety  of  external  forms,  as  pyrites,  in 
cubes,  octohedrons,  dodecahedrons,  &c.  ;  but  these  are  all  resolvable  into  a  simple 
single  type  — the  cube.  Thus  galena,  whatever  external  form  it  may  assume,  has  an 
internal  cubical  structure.  Fluor  spar,  usually  occurring  in  cubical  forms,  may  be 
cleaved  into  a  regular  octohedron.  A  little  reflection,  will  enable  the  student  to  see 
that  nature  in  her  simple  arrangements  maintains  an  unvarying  internal  type,  upon 
which  she  builds  up  her  varying  and  beautiful  geometric  forms.  There  are  certain 
imaginary  lines  which  are  called  the  axes  of  the  crystal  :  these  may  be 

Jtectangular  and  equal,  as  in  the  cube. 

Rectangular  and  one  unequal,  as  in  the  right  square  prism. 

Rectangular  and  three  unequal,  as  in  the  right  rectangular  prism. 

The  three  axes  unequal,  vertical  inclined  to  one  nfthe  lateral,  at  right  angles  to  the  other, 
tico  lateral  at  right  angles  with  one  another,  as  in  the  oblique  rhombic  prism. 

The  three  axes  unequal  and  all  the  intersections  oblique,  as  in  the  oblique  rectangular 
prism. 

Three  equal  lateral  axes  intersecting  at  angles  of  60°  and  a  vertical  axis  of  varying 
length  at  right  angles  with  the  lateral,  as  in  the  hexagonal  prism. 

Upon  these  simple  arrangements  of  the  axial  lines  all  the  crystalline  forms  depend, 
the  particles  of  matter  arranging  themselves  arouud  these  axes  according  to  some  law 
of  polarity  which  has  not  yet  been  developed. 

CRYSTAL.    A  name  given  to  Flint  Glass,  which  see. 

CUDBEAR.  This  colouring  matter  was  first  made  an  article  of  trade  by  Dr. 
Cuthbert  Gordon,  from  whom  it  derived  its  name  ;  and  was  originally  manufactured 
on  a  great  scale  by  Mr.  G.  Mackintosh,  at  Glasgow,  nearly  80  years  ago. 

It  is  prepared  in  the  same  manner  as  archil,  from  the  same  varieties  of  lichen  (see 
Archil)  ;  only,  towards  the  end  of  the  process,  the  substance  is  dried  in  the  air,  and  is 
then  ground  to  a  very  fine  powder.    See  Litmus. 

CULM,  a  term  applied  to  anthracite  or  stone  coal  in  some  districts.  See  Anthra- 
cite. 

CUMIDINE,C'^H"N.  An  alkali  homologous  with  aniline,formed  by  Nicholson  by 
the  action  of  reducing  agents  on  nitrocumole.  Its  density  is  0"9526,  and  its  boilins- 
point  437°.  — C.  G.  W.  ^ 

CUMOLE,  C'»  H'=  (Syn.  Cumene),  Hydruret  of  Cumenyle.  A  hydrocarbon  found 
in  coal  naphtha ;  it  is  also  produced  by  the  destructive  distillation  of  cuminic  acid 
with  caustic  baryta.  See  Naphtha,  Coal,  and  CARBnRETTED  Hydrogen.— C.  G.  W. 

CUPELLATION.    See  Assaying  and  Silver  Refining. 

CURARINE.  An  alkaloid  existing  in  a  black  resinous  matter  called  curari,  used 
by  the  American  Indians  for  poisoning  their  arrows.  It  is  singular  that  while  the 
cuiari  poison  is  absolutely  fatal  when  introduced,  even  in  small  doses,  into  a  wound,  it 
IS  inert  when  swallowed.  Its  composition  is  unkiiowr,  tut  it  appears  to  be  nroduc'ed 
from  one  of  the  Sh  j/c/meoj.-C.  G.  W. 

CURCUMA  ANGUSTIFOLIA.  The  narrow  leaved  Turmeric.  (East  Indian 
Arrow  Root.)  This  plant  is  found  in  the  forests,  extending  from  the  banks  of  the 
Lona  to  Nagpore.    At  Bhagulpore  the  root  is  dug  up  ai:d  rubbed  on  a  stone  or  bed 
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in  a  mortar,  and  afterwards  rubbed  in  water  with  the  hand  and  strained  througli  a 
cloth  J  the  fecula  having  subsided,  the  water  is  poured  off,  and  the  tikor  (feeula) 
dried  for  use.  The  East  Indian  arrow  root  is  a^ne  white  powder,  readily 
distinguishable,  both  by  the  eye  and  the  touch,  from  West  Indian  arrow  root.  'I'o 
the  eye  it  somewhat  resembles  a  finely  powdered  salt  (as  bicarbonate  of  soda  or 
Rochelle  salt).  Wlien  pinched  or  pressed  by  the  fingers,  it  wants  the  firmness  so 
cliaracteristic  of  West  Indian  arrow  root,  and  it  does  not  crepitate  to  the  same 
extent  when  rubbed  between  the  fingers. — Pereira. 

At  Travancore  this  starch  forms  a  large  portion  of  the  diet  of  the  inhabitants. 

CURLING  STO^E.  A  stone  used  in  Scotland  in  playing-  the  national  game  of 
curling,  which  is  practised  upon  the  ice  during  the  winter.  •  The  stone  is  made  of 
some  hard  primary  rock.  That  of  Ailsa  Craig,  in  th6  Firth,  of  Clyde,  is  very 
celebrated.  AiUa  Craig  consists  of  a  single  rock  of  greyish  compact  felspar,  with 
small  grains  of  quartz,  and  very  minute  particles  of  hornblende.  —  Bristow. 

CURRYING  OF  LEATHER,  (Corwyer,  Fr.  ;  Zurichten,  Germ.,)  is  the  art  of 
dressing  skins  after  they  are  tanned,  in  order  to  render  them  fit  for  the  purposes  of 
the  shoe-maker,  coach-maker,  harness-maker,  &c. — See  Leather,  Ccrr\ing  of. 

CUTLERY.  {Coutellerie  Yt.  ;  Messerschmidwaare,  Germ.)  Three  kinds  of  steel 
are  made  use  of  in  the  manufacture  of  different  articles  of  cutlery,  viz.,  common  steel, 
shear  steel,  and  cast  steeL  Shear  steel  is  exceedingly  plastic  and  tough.  All  the 
edge  tools  which  require  great  tenacity  without  great  hardness  are  made  of  it,  such 
as  table  knives,  scythes,  plane-irons,  &c. 

Cast  steel  is  formed  by  melting  blistered  steel  in  covered  crucibles,  with  bottle  glass, 
and  pouring  it  into  cast-iron  moulds,  so  as  to  form  it  into  ingots  :  these  ingots  are  then 
taken  to  the  tilt,  and  drawn  into  rods  of  suitable  dimensions.  No  other  than  cast 
steel  can  assume  a  very  fine  polish,  and  hence  all  the  finer  articles  of  cutlery  are  made 
of  it,  such  as  the  best  scissors,  penknives,  razors,  &e. 

Formerly  cast  steel  could  be  worked  only  at  a  very  low  heat ;  it  can  now  be  made 
so  as  to  be  welded  to  iron  with  the  greatest  ease.  Its  use  is  consequently  extended  to 
making  very  superior  kinds  of  chisels,  plane-irons,  table-knives,  &c. 

Forging  of  table  knives. — Two  men  are  generally  employed  in  the  forging  of  tabli 
knives  ;  one  called  the  foreman  or  maker,  and  the  other  the  striker. 

The  steel  called  common  steel  is  employed  in  making  the  very  common  articles ; 
but  for  the  greatest  part  of  table  knives  which  require  a  surface  free  from  flaws,  shear 
steel  and  cast  steel  are  generally  preferred.  That  part  of  the  knife  termed  the  blade 
is  first  rudely  formed  and  cut  otF.  It  is  next  welded  to  a  rod  of  iron  about  ^  inch 
square,  in  such  a  manner  as  to  leave  as  little  of  the  iron  part  of  the  blade  exposed  as 
possible.  A  suflBcient  quantity  of  the  iron  now  attached  to  the  blade  is  taken  off  from 
the  rod  to  form  the  bolster  or  shoulder,  and  the  tang. 

In  order  to  make  the  bolster  of  a  given  size,  and  to  give  it  at  the  same  time  shape 
and  neatness,  it  is  introduced  into  a  die,  and  a  swage  placed  over  it ;  the  swage  has  a 
few  smart  blows  given  it  by  the  striker.  This  die  and  swage  are,  by  the  workmen, 
called  prints.  j   •         j  i. 

After  the  tangs  and  bolster  are  finished,  the  blade  is  heated  a  second  time,  and  ttie 
foreman  gives  it  its  proper  anvil  finish  :  this  operation  is  termed  smithing.  The  blade 
is  now  heated  red  hot,  and  plunged  perpendicularly  into  cold  water.  By  this  means  it 
becomes  hardened.  It  requires  to  be  tempered  regularly  down  to  a  blue  colour :  in 
which  state  it  is  ready  for  the  grinder.  . 

Mr.  Brownill's  method  of  securing  the  handles  upon  table  knives  and  forks,  is,  by 
lengthening  the  tangs,  so  as  to  pass  them  completely  through  the  handle,  the  ends  of 
which  are  to  be  tinned  after  the  ordinary  mode  of  tinning  iron  ;  and,  when  passed 
through  the  handle,  the  end  of  the  tang  is  to  be  spread  by  beating  or  a  small  hole 
drilled  through  it,  and  a  pin  passed  to  hold  it  upon  the  handle.  After  this  caps  of 
metal,  either  copper  plated,  or  silver,  are  to  be  soldered  on  the  projectmg  end  of  the 
tang,  and  while  the  solder  is  in  a  fluid  state,  the  cap  is  to  be  pressed  upon  the  end  of 
the  handle  and  held  there  untU  the  solder  is  fixed,  when  the  whole  is  to  be  cooled  by 

beina;  immersed  in  cold  water.  ...      ,    .  ^  *   i  „,i„<.e  tr. 

Mr.  Thomason's  patent  improvements  consist  in  the  adaptation  of  steel  edges  to 
the  blades  of  gold  and  silver  knives.  These  steel  edges  are  to  be  attached  to  the 
o'her  metal!  of  whatever  quality  it  may  be,  of  which  the  knife,  &c.  is  made  by  nieans 
of  solder,  \n  the  ordinary  mode  of  effecting  that  process  ^.^^^^  ,*^>^^^^,^ee  °f  ^t^^^ 
thus  attached  to  the  gold,  silver,  &c.,  it  is  to  be  ground,  polished  and  tempered  by 
immersion  in  cold  water,  or  oil,  after  being  heated.  This  P'-°f,^f  ^J^^^S  6^^^^^^^^^^ 
other  parts  of  the  knife  are  then  wrought  and  ornamented  by  the  engraver  or  clmstr, 

"  r;int  wa.  obtained  in  1827,  by  Mr.  Smith  of  Sheflield.  for  rolling  out  knives 
at  one  operation. 
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In  the  ordina,^n,ode  ^ f^^,          ^^^^^  ^^^^^^ 

are  cut  out  of  the  sheet  and  the  .^^.f^^^'  is  then  ground  to 
attached  to  the  steel  blades,  by  welding  at  the  toige. 

^^rproper  shape,  and  the  blade  Pf     ^"J^^^^Xts  to  make  the  knives  entirely 

Instead  of  this  welding  P™<=«^^;.''^^P''f  °'^,1^'°P°''L  massive  rollers  ;  the 

of  steel,  and  to  form  them  by  rolling        l|^e^ted  su^^^^  R  ng  produced  by  suitable 

shoulders  or  bolsters,  and  tlie  tangs  lor  formed.  When 

Thrniafe^Jf  steefhaving  been  heated,  is  to  be  pressed  between  the  two  rollers  by 
whSx  tt  blales  and  the  parts  for  the  scale  tangs  will  be  P.--f  ,  °f  ^^^^  J 
3  those  narts  which  pass  between  the  grooves  or  recess  will  be  left  thick  oi  p  otu 
bin?  tomTng  The  bolster  for  the  shoulder  of  the  blade  But  if  the  tangs  are  to  be 
round  in  01  to  to  be  fixed  into  single  handles,  then  it  will  be  necessary  also  to  foim 
tTsverse  gtoves  in  the  roUers,  that  is,  at  right  angles  to  those  which  give  shape  to 
Le  bols  eil  the  transverse  grooves  corresponding  in  length  to  the  longth  of  the 
uLdeftaAff  When  the  plates  of  steel  have  been  thus  rolled,  formmg  three  or 
more  kniveHn  a  breadth,  the  several  knives  are  to  be  cut  out  by  the  ordinary  mode 
Twhat  is  clued  slitting,  and  the  blades  and  shoulders  ground,  hardened,  and  polished 

'"^  Forks' arlSrally  a  distinct  branch  of  manufacture  from  that  of  knives,  and  are 
purchased  ofTe  fork  makers  by  the  manufacturers  of  table  knives,  m  a  state  fit  for 

"'Tht^rod^of^st^feHrom  which  the  forks  are  made,  are  about Jths  of  an  inch  squai-e. 
The  tang  and  shank  of  the  fork  are  first  roughly  formed.  The  fork  is  then  cut-off, 
leaving  It  one  end  about  1  inch  of  the  square  part  of  the  steel  This  part  is  aftei- 
wards  drawn  out  flat  to  about  the  length  of  the  prongs.  The  shank  and  tang  are 
now  heated,  and  a  proper  form  given  to  them  by  means  of  a  die  and  swage,  ihe 
prongs  are  afterwards  formed  at  one  blow  by  means  of  the  stamp ;  this  machine  is 
very  similar  to  that  used  in  driving  piles,  but  it  is  worked  by  one  man.  It  consists  ot 
a  large  anvil  fixed  in  a  block  of  stone  nearly  on  a  level  with  the  ground,  lo  this 
anvil  are  attached  two  rods  of  iron  of  considerable  thickness,  fixed  12  inches  asunder, 
perpendicularly  to  the  anvil,  and  diagonally  to  each  other.  These  are  fastened  to  the 
ceiling  The  hammer  or  stamp,  about  100  lbs.  in  weight,  having  a  groove  upon  either 
side  corresponding  to  the  angles  of  the  upright  rods,  is  made  to  slide  freely  through 
its  limited  range,  being  conducted  by  its  two  iron  supporters.  A  rope  is  attached  to 
the  hammer,  which  goes  over  a  pulley  on  the  floor  of  the  room  above,  and  comes 
down  to  the  person  who  works  the  stamp  :  two  corresponding  dies  are  attached,  one 
to  the  hammer,  and  the  other  to  the  anvil.  That  part  of  the  fork  intended  to  form 
the  prongs,  is  heated  to  a  pretty  white  heat  and  placed  in  the  lower  die,  and  the 
hammer  containing  the  other  die  is  made  to  fall  upon  it  from  a  height  of  about  7  or  8 
feet.  This  forms  the  prongs  and  the  middle  part  of  the  fork,  leaving  a  very  thin  sub- 
stance of  steel  between  each  prong,  which  is  afterwards  cut  out  with  an  appropriate 
instrument  called  a  fly-press.  The  forks  are  now  annealed  by  surrounding  a  large 
mass  of  them  with  hot  coals,  so  that  the  whole  shall  become  red  hot.  The  fire  is 
suffered  gradually  to  die  out,  and  the  forks  to  cool  without  being  disturbed.  This 
process  is  intended  to  soften,  and  by  that  means  to  prepare  them  for  filing.  The 
inside  of  the  prongs  are  then  filed,  after  which  they  are  bent  into  their  proper  form 
and  hardened.  When  hardened,  which  is  effected  by  heating  them  red-hot  and 
plunging  them  into  cold  water,  they  are  tempered  by  exposing  them  to  the  degree  of 
heat  at  which  grease  inflames. 

Penknives  are  generally  forged  by  a  single  hand,  with  the  hammer  and  the  anvil 
simply. 

The  hammer  in  this  trade  is  generally  light,  not  exceeding  3|  Ihs.  The  breadth 
of  the  face,  or  the  striking  part,  is  about  one  inch  ;  if  broader,  it  would  not  be 
convenient  for  striking  so  small  an  object.  The  principal  anvil  is  about  5  inches, 
and  10  upon  the  face,  and  is  provided  with  a  groove  into  which  a  smaller  anvil  is 
wedged.  The  smaller  anvil  is  about  2  inches  square  upon  the  face.  The  blade  of 
the  knife  is  first  drawn  out  at  the  end  of  the  rod  of  steel,  and  as  much  more  is  cut  off 
along  with  it  as  is  thought  necessary  to  form  the  joint.  The  blade  is  then  taken  in  a 
pair  of  tongs,  and  heated  a  second  time  to  finish  the  joint  part,  and  at  the  same  time 
to  form  a  temporary  tang  for  the  purpose  of  driving  into  a  small  haft  used  by  the 
grinder.   Another  heat  is  taken  to  give  the  blade  a  proper  finish.    The  small  recess 
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ofa1lise?'vhich' i'^r*^     "P''^'"?  ""'^^  i«       hot  by  means 

a  cnisei,  which  is  round  on  one  side,  and  flat  upon  the  other 

I'enknives  are  hardened  by  heatinp  the  blade  red  hot  inA  rlmnlr,^  *!, 
^vater  up  to  the  shoulder.    Th^  are  tampered  by  sett^iigThem  side  Wde  ;Uh*^ 
back  downwards  upon  a  flat  iron  plate  laid  upon  the  fill,  whTrrtLvVre  alWd 
remain  till  they  are  of  a  brown  or  purple  colour  ^       allowed  to 

kni^S.  a^tal?n1re^tr:ar  ^'^^  '"^"^  ^P""^ 
knU-S.^"'"^"'^  performed  by  a  foreman  and  striker,  as  in  making  table 

They  are  generally  made  of  cast  steel.  The  rods,  as  they  come  from  the  tilt  are 
aboiit  i  inch  broad,  and  of  a  thickness  sufficient  for  the  back  of  a  razor 

There  is  nothing  peculiar  in  the  tools  made  use  of  in  forging  razors  :'the  anvil  is  a 
litt  e  rounded  at  the  s.des  which  affords  the  opportunity  of  miking  the  edge  thinner 
and  saves  an  immense  labour  to  the  grinder.  ^  e  mmner, 

Razors  are  hardened  and  tempered  in  a  similar  manner  to  penknives.  Thev  are 
however,  left  harder,  being  only  let  down  to  yellow  or  brown  colour 

1  he  forging  of  scissors  is  wholly  performed  by  the  hammer,  and  all  the  sizes  are 
made  by  a  single  hand.  The  anvil  of  the  scissor-maker  weighs  about  U  cwt  •  it 
measures,  on  the  face,  about  4  by  U  inches.  It  is  provided  with  two  gates  or  grooVes 
for  the  reception  of  various  little  indented  tools  termed  by  the  workmen  bosses  •  one 
ot  these  bosses  is  employed  to  give  proper  figure  to  the  shank  of  the  scissors  : 
another  for  forming  that  part  which  has  to  make  the  joint  ;  and  a  third  is  made  use 
ot  tor  giving  a  proper  figure  to  the  upper  side  of  the  blade.  There  is  also  another 
anvil  placed  on  the  same  block,  containing  two  or  three  tools  called  beak-irons,  each 
consisting  of  an  upright  stem  about  6  inches  high,  at  the  top  of  which  a  horizontal 
beak  projects  ;  one  of  these  beaks  is  conical,  and  is  used  for  extending  the  bow  of 
the  scissors  ;  the  other  is  a  segment  of  a  cylinder  with  the  round  side  upwards,  con- 
taining a  recess  for  giving  a  proper  shape  and  smoothness  to  the  inside  of  the  bow. 

The  shank  of  the  scissors  is  first  formed  by  means  of  one  of  the  bosses,  above  de- 
scribed, leaving  as  much  steel  at  the  end  as  will  form  the  blade.  A  hole  is  then 
punched  about  inch  in  width,  a  little  above  the  shank.  The  blade  is  drawn  out  and 
finished,  and  the  scissors  separated  from  the  rod  a  little  above  the  hole.  It  is  heated 
a  third  time,  and  the  small  hole  above  mentioned  is  extended  upon  the  beak-irons  so 
as  to  form  the  bow.  This  finishes  the  forging  of  scissors.  They  are  promiscuously 
made  in  this  way,  without  any  other  guide  than  the  eye,  having  no  regard  to  their 
being  in  pairs.  They  are  next  annealed  for  the  purpose  of  filling  such  parts  of  them 
as  cannot  be  ground,  and  afterwards  paired. 

The  very  large  scissors  are  made  partly  of  iron,  the  blades  being  of  steel. 
After  the  forging,  the  bow  and  joints,  and  such  shanks  as  cannot  be  ground,  are 
filed.    The  rivet  hole  is  then  bored,  through  which  they  are  to  be  screwed  or  riveted 
together.    This  common  kind  of  scissors  is  only  hardened  up  to  the  joint.    They  are 
tempered  down  to  a  purple  or  blue  colour.    In  this  state  they  are  taken  to  the  grinder. 

Grinding  and  polishing  of  cutlery — The  various  processes  which  come  under  this 
denomination  are  performed  by  machinery,  moving  in  general  by  the  power  of  the 
steam-engine  or  water-wheel. 

Grinding  wheels  or  grinding  mills  are  divided  into  a  number  of  separate  rooms  ; 
every  room  contains  six  places  called  troughs  ;  each  trough  consists  of  a  convenience 
for  running  a  grindstone  and  a  polisher  at  the  same  time,  which  is  generally  occupied 
by  a  man  and  a  boy. 

The  business  of  the  grinder  is  generally  divided  into  three  stages,  viz.  grinding, 
glazing,  and  polishing. 

The  grinding  is  performed  upon  stones  of  various  qualities  and  sizes,  depending  on 
the  articles  to  be  ground.  Those  exposing  much  flat  surface,  such  as  saws,  fenders, 
&c.,  require  stones  of  great  diameter,  while  razors,  whose  surface  is  concave,  re- 
quire to  be  ground  upon  stones  of  very  small  dimensions.  Those  articles  which 
require  a  certain  temper,  which  is  the  case  with  most  cutting  instruments,  are  mostly 
ground  on  a  wet  stone ;  for  which  purpose  the  stone  hangs  within  the  iron  trough, 
filled  with  water  to  such  a  height  that  its  surface  may  just  touch  the  face  of  the 
stone. 

Glazing  is  a  process  following  that  of  grinding  :  it  consists  in  giving  that  degree  of 
lustre  and  smoothness  to  an  article  which  can  be  effected  by  means  of  emery  of 
various  degrees  of  fineness.  The  tool  on  which  the  glazing  is  performed,  is  termed  a 
glazer.  It  consists  of  a  circular  piece  of  wood,  formed  of  a  number  of  pieces  in  such 
a  manner  that  its  edge  or  face  may  always  present  the  endway  of  the  wood.  "Were  it 
made  otherwise,  the  contraction  of  the  parts  would  destroy  its  circular  figure.  It  is 
fixed  upon  an  iron  axis  similar  to  that  of  the  stone.    Some  glazers  are  covered  on  the 
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•  t\r.rrr.t  an  alloY  of  lead  and  tin  ;  the  latter 
face  with  leather,  others  with  metal  cons,  ung^^^^  g^,^^^ 
are  termed  caps.    In  others,  the  ^^ooden  surface  aDO  ^^^^^^        ^„  j,^^ 

"athe.-faced  g'a-rs  «ueh  as  are  used  for  f^^^^  ^^^^ 
coarser  polished  articles,  are  first  X«  Je  "  pared  for  use  by  first  turnmgthe  face 
,vith  emery.    The  surfaces  of  ,f  ;'^[^\"7ZXans  of  a  sharp-ended  hammer,  and 
very  true,  then  filling  it  with  small  ^°^^^Znir<Tt^\\ow  and  emery.  .  . 

lastly  filling  up  the  interstices  f''^  a  com^^^^^^^^  ^^^^  .^^  ^^^^^^^  ,3 

■  The  pulley  of  the  glazer  is  «°  ^"^f ^i'/^^^f.^Xf  1500  feet  in  a  second, 
more  than  double,  having  in  genera  a  surface  speeo^c  t  ^ 

been  previously  hardened  and  temp^^^^^  ^^^^^^^^  ^i^^  the 

.  ^of'Jl^ch  is^^ex^d  Vom  lime  [oUme,  while  in  .se,  with  the  crocus  of  iron, 
called  also  colcothar  of  vitriol.  ^        ^^  the 

Th"t.»™poSo=NKO-  i.  »PW«V;'i''  S"'Thiot';?;id  »  good 
There  .re  two  modes  of  prep.nng  ejai.aie  of  poUsh  hoth  ol  «nicn  y.e  g 
product    Th.  fir.t  is  that  of  Clemm,  the  seeood  of  L.eh^^  iJalS  ni»d  and 

b.  5rh'S7."L»t  K;'..of "VS?^^^^^^^^  s 
s  ="e'rnS5%"Tirp=oi't,e3 

SSon-rrof  "^.re-i-ArS"^^^^^^^^^^  ^ 

XnSies  of  alcotl,  until  no  more  cyanate  is  -^.-f^vsTairoT  c^-atteTnTootng 
the  alcohol  filtered  from  the  residue  no  longer  yields  crystals  of  cyanate  m  cooling. 

-C.  G.  W. 

PTANHYDRIC  ACID.    See  Hydeocyantc  Acid.  ,      ^  ,. 

CYANIDES.  The  combinations  of  cyanogen  with  metals  or  other  bodies.  It 
has  be7n  remarked  in  the  article  Hydrocyanic  Acib  that  cyanogen,  ^'  N,  a  coinpound 
salt  radical  analogous  to  the  halogens  chlorine,  lodme,  and  bromine.  Like  the  latter 
t  unUe  with  metals  without  the  intervention  of  oxygen  and  with  hydrogen  to  fonn 
a  hvdracid  corresponding  to  the  hydrochloric,  hydnodic,  and  hydrobromic  acids. 
T^rairare  both  an'important  Ld  interesting  class  of  salts.  The  most  impor- 
tant is  the  cyanide  of  potassium.  The  latter  is  formed  under  a  great  |'a»ety  of 
circumstances!  especiall?  where  carbonate  of  potash  is  heated  contact  -ith 
carbonaceous  matters.  The  nitrogen  to  form  the  cyanide  in  he  f  eater  number  of 
instances  is  principally,  and  in  a  few  entirely,  derived  from  the  atmosphere.  Many 
chemists  have  experimented  on  this  subject,  and  their  results  are  by  no  means  m 
harmony;  but  thus  much  is  certain,  that  success  or  failure  depends  solely  upon  the 
circumstances  under  which  the  experiments  are  conducted.  It  has  been  shown  that, 
when  carbonate  of  potash  mixed  with  charcoal  prepared  from  sugar  (see  Carbon)  is 
exposed  to  a  very  high  temperature  in  a  current  of  nitrogen  gas,  the  potash  in  the 
carburet  is,  at  times,  absolutely  converted  into  cyanide,  not  a  trace  of  carbonic  acid 
remaining.  Experiments  of  this  class,  when  made  with  animal  charcoal  or  coal,  are 
less  conclusive  because  those  matters  contain  nitrogen.  But  even  then  the  amount 
of  cyanogen  found  is  out  of  proportion  to  the  quantity  of  nitrogen  m  the  coal  or 
other  carbonaceous  matters.  In  fact  it  would  seem  that  the  presence  of  a  certain 
quantity  of  nitrogen  in  the  coal,  &c.,  exercises  a  predisposing  tendency  on  the 
nitrogen  of  the  air  so  as  to  induce  its  combination  with  carbon  with  greater  facility 
than  "would  be  the  case  if  pure  carbon  were  employed.  Cyanide  of  potassium  has 
been  found  on  more  than  one  occasion  oozing  from  apertures  in  iron  smelting  furnaces. 
In  fact  it  is  produced  in  such  abundance  at  one  furnace  in  Styria  as  to  send  into  the 
market  for  sale  to  electro-platers.  Cyanide  of  potassium  is  largely  prepared  for  the 
use  of  electro-platers  and  gilders.  'J'he  proportions  of  the  materials  used  are  those 
of  Liebig,  who  first  made  known  the  process.  The  modes  of  munipulation,  however, 
differ  in  the  details  in  all  laboratories.  The  following  method  can  be  recommended 
from  the  experience  of  the  author  of  this  article  as  giving  a  white  and  good  product. 
It  can,  moreover,  be  worked  on  a  very  large  scale.    The  ferrocyanide  of  potassium 
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and  salt  of  tartar  are  to  be  separately  di  ied,  pulverised  and  RiFtoii  fT-r^..^! 
The  salt  of  tartar  must  be  free  from  sulphater  To  8  parts  oJ  tTf' 
potassium  3  of  dry  salt  of  tartar  are  to  be  add;d,  and  the  two  ar.  ?L  "/ 
by  sifting.    A  large  and  strong  iron  pot  is  then  t^be  sus,  ImfJd  I  '"corporated 
crane  in  such  a  position  that  it  can  be  owered  bto  the  £15^  ^' ' ^ 
ease  ;  there  must  also  be  an  arnmgement  t^eSb le  the  no^  tn  >f„        'f'f^  "^''^ 
desired  height.    Tl>e  pot  being  heLd  to  redness  the  mix  u^^^  is  toTe  throw^ 
by  sn,all  port^ions  until  the  vessel  is  half  full;\he Teat  ^ing  ^llo  v^5^^^^^^^ 
gradually  „nt:l  the  whole  flows  pretty  quietly.    During  the  fusion  tlie  conLnts  are  o 
be  stirred  with  a  clean  iron  rod  to  promote  the  aggreiation  of  the  spongy  sediment 
As  soon  as  the  rod  on  being  dipped  into  the  fused  mass  and  rem^edf  br  ngs  with 
It  a  pure  white  porcelain  like  product,  the  operation  may  be  regarded  as  teimTn^^f 
and  the  pot  is  to  be  raised  from  the  fire  by  means  of  theTane  and  s™l  in  a 
slightly  inclined  position.    One  of  the  operators  now  holds  a  large  clean  iron  li^le 
under  the  edge  ot  the  pot,  while  another  elevates  the  latter  with  thp  nlH  nf  t^.n-c 
that  the  ladle  becomes  filled.    The  contents  of  the  firsSe  fre  then  Toured  ol  in  o 
another  held  by  the  assistant  w:ho  tilted  the  pot.    The  latter  then  pours  the  contents 
of  his  ladle  iii  o  a  large  shallow  and  brilliantly  clean  brass  basin  standing  in  another 
con  ainmg  a  little  water  so  as  to  cool  the  fused  cyanide  rapidly.    Extreme  care  musi 
be  taken  to  prevent  even  the  smallest  drop  of  water  from  finding  ts  way  iLto  the 
brass  vessel,  because  on  the  hot  cyanide  coming  in  contact  with  it  an  eXs  on 

vicliftv^'Thr^t"""!"!/'     'T^'C  ^'r^^""  *°       S''^'  °f       persons  in  the 

vicimty.    The  two  ladles  are  to  be  kept  very  hot,  by  being  held  over  the  fire  until 

r«;n  'Th°  w!"  f^^,fi^^\^y^'^^^^  .from  chilling  until  it  is  poured  into  the  brass 
basin.  The  latter  should  be  about  18  inches  in  diameter  and  U  deep.  It  should 
be  quite  flat  bottomed  The  object  of  so  many  pourings  off  is  "to  prevent  any  of 
the  sediment  from  finding  its  way  into  the  product,  and  thus  causing  black  specks 
m  It.  Ihe  pot  on  being  emptied  as  far  as  convenient,  is  to  have  the  sediment 
removed  and  a  fresh  charge  inserted.  As  soon  as  the  coke  of  cyanide  is  cool,  ft 
is  to  be  broken  up  into  moderate  sized  pieces  and  placed  in  dry  and  well  closed  jars. 

Ihe  cyanide  of  potassium  possesses  great  points  of  interest  for  the  technical  and 
theoretical  chemist.  It  is  the  salt  from  which  an  immense  number  of  compounds  of 
importance  may  be  obtained.  Very  large  quantities  are  made  for  the  purpose  of 
preparing  the  auro-  and  argento-  cyanides  of  potassium  for  the  electro-platers  and" 
gilders.  ^ 

Auro-cyanide  of  potassium  is  capable  of  being  formed  in  several  ways.  The  follow- 
ing are  convenient  processes.  The  selection  of  a  mode  of  preparing  it  will  depend 
upon  the  circumstances  under  which  the  operation  is  situated.  1.  By  the  battery. 
This  process  is  perhaps  the  most  generally  convenient  and  economical  for  the 
electro-gilder.  A  bath  is  prepared  by  dissolving  the  best  commercial  cyanide  of 
potassium  in  good  filtered  or  distilled  water.  The  best  salt  is  that  sold  under  the 
name  of  "gold  cyanide."  A  Daniell's  battery  of  moderate  size  being  charged,  two 
plates  of  gold  are  attached  to  wires  and  connected  with  it.  The  larger,  which  is  to 
be  dissolved,  is  attached  to  the  positive,  and  the  smaller,  which  need  be  but  the  size 
of  a  flattened  wire,  to  the  negative  pole.  The  action  of  the  battery  is  kept  up  until 
the  desired  amount  is  dissolved.  It  is  easy  to  remove  the  plate  used,  dry  and  weigh 
it  at  intervals  so  as  to  know  the  proper  time  to  stop  the  operation.  2.  Teroxide  of 
gold  (prepared  with  magnesia)  is  to  be  dissolved  in  a  solution  of  cyanide  of 
potassium. 

Argento-cyanide  of  potassium.  This  solution  is  easily  prepared  for  the  electro- 
plater  by  the  following  process.  Metallic  silver  is  dissolved  in  nitric  acid  and 
the  solution  evaporated  to  dryness.  The  residue  is  dissolved  in  distilled  water 
and  filtered.  To  the  solution  cyanide  of  potassium,  dissolved  in  distilled  -ivater, 
is  added  as  long  as  precipitation  takes  place,  but  no  longer.  The  precipitate  is 
filtered  off  on  calico  strainers,  and  well  -washed  with  distilled  water.  It  is  then  to 
be  dissolved  in  solution  of  cyanide  of  potassium  and  diluted  to  the  desired  strength. 
The  solution  is  frequently  dark  coloured  at  first,  but  it  becomes  colourless  in  a  few 
hours,  and  should  then  be  filtered  from  a  small  black  precipitate  which  will  be 
obtained.  Many  operators  neglect  the  filtration  and  washing  of  the  precipitated 
cyanide  of  silver,  and  merely  continue  the  addition  of  the  solution  of  cyanide  of 
potassium  to  the  nitrate  of  silver  until  the  precipitate  at  first  formed  is  re-dissolved. 
The  first  method  is  however  to  be  prefeired.  Some,  instead  of  precipitating  with 
cyanide  of  potassium,  do  so  with  solution  of  common  salt,  and  then,  after  washing  off 
the  precipitated  chloride  of  silver,  dissolve  it  in  cyanide  of  potassium.  Argento- 
cyanide  of  potassium  can  also  be  prepared  with  the  buttery  by  the  process  mentioned 
under  auro-cyanide  of  potassium  ;  this  method  is  so  convenient  where  the  proper 
apparatus  is  at  hand,  that  few  professional  electro-platers  would  use  any  other  method. 
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D't-uerreotype  artists  who  silver  their  plates,  or  rather  re-s.lver  then,,  would,  find 
tl  Xttery  proeess  too  cumbersome,  and  should,  ^^fj^^^^'l^^ 
solution  of  argento-cyanide  of  potassium  prepared  by  the  first 

""in  "order  to  suspend  Daguerreotype  plates  in  the  bath,  the  little  -  637 

contrivance  figured  in  the  margin,^sr  637*,  will  be  found  most  con- 
venient. It  merely  consists  of  pieces  of  copper  wire  twisted  together 
and  formed  into  a  grapnell  at  the  lower  end.  It  acts  like  a  spring, 
and  holds  the  plates  so  firmly  that  there  is  no  fear  of  its  falling  out 
even  if  the  apparatus  be  subjected  to  severe  vibration.— C.  Kx.  W. 

CYANIDES  (FERRO).    See  Ferroctanides. 

CYANIDE  OF  POTASSIUM,    See  Cyanides. 

CYANOGEN,  C^N.  A  compound  salt  radical,  analogous  in  its 
character  to  chlorine  and  the  other  halogens.  It  was  the  first  body 
discovered  possessing  the  characters  of  a  compound  radical,  and  the 
investigations  made  upon  it  and  its  derivations  have  thrown  more 
light  upon  the  constitution  and  proper  mode  of  classifying  organic 
substances  than  any  other  researches  whatever.  In  consequence  of  [_ 
its  acting  in  all  its  compounds  as  if  it  were  a  simple  body  or  element, 
chemists  generally  have  acquired  the  habit  of  designating  it  by  the  symbol  Cy.  Like 
the  haloids  it  combines  with  hydrogen  to  form  an  acid,  and  with  metals,  without  the 
necessity  for  the  presence  of  oxygen.  For  a  few  illustrations  of  its  analogies  with 
chlorine,  &c.,  see  Hydrocyanic  Acid.  In  the  article  Cyanides  several  of  the  condi-  • 
tions  under  which  it  is  formed  have  also  been  pointed  out.  The  modern  French  chemists 
of  the  school  of  Gerhardt  very  justly  regard  cyanogen  in  the  light  of  a  double  molecule, 
thus,  Cy  Cy,  or  C'N'.  The  reason  of  this  is  because  most  of  the  phenomena  of 
organic  chemistry  are  more  easily  explained  hy  the  use  of  four-volume  formulaj 
than  any  others.  This  latter  mode  of  condensation  has  -been  shown  by  M.  Wortz, 
in  his  admirable  work  on  the  compound  radicals,  to  undoubtedly  exist  in  the  case 
of  radicals  belonging  to  the  strict  hydrogen  type,  not  as  ethyle  and  its  homologues ; 
and  numerous  theoretical  and  experimental  results  are  in  favour  of  the  supposition 
that  all  radicals  in  the  free  state  are  binary  groups. 

If  we  assume  the  truth  of  the  above  hypothesis,  we  shall  regard  cyanogen  in  the 
free  state  as  a  cyanide  of  cyanogen,  analogous  to  hydrocyanic  acid,  which  is  a 
cyanide  of  hydrogen. 

Cyanogen  may  very  conveniently  be  prepared  by  heating  cyanide  of  mercury  in 
a  retort  of  hard  glass.  A  considerable  quantity  of  the  gas  is  given  off,  hut  a  portion 
remains  behind  in  the  state  of  paracyanogen.  The  latter  substance  is  a  black  matter, 
the  constitution  of  which  is  by  no  means  understood.  It  has,  however,  the  same 
composition  in  the  hundred  parts  as  cyanogen  itself,  and  is  therefore  isomeric  with  it. 

Cyanogen  is  a,  colourless  combustible  gas  with  a  sharp  odour.  Its  density  is 
l'8l.  Hauy  requires  for  two  volumes  1'80.  If  cooled  to  a  temperature  of  between 
— 13°  and  —22°  F.,  it  liquefies  into  a  transparent,  colourless,  and  very  mobile  fluid 
having  a  specific  gravity  of  0'866.  A  little  below  22°  the  fluid  congeals  to  a  mass 
resembling  ice.    The  flame  of  cyanogen  is  of  a  pale  purple  or  peach  blossom  colour. 

Some  of  the  properties  of  cyanogen  are  very  remarkable,  and  quite  distinct  from 
those  of  the  true  halogens.  For  instance,  it  combines  directly  with  aniline  to  produce 
a  body  having  basic  properties.  The  latter  is  called  cyaniline,  and  is  formed  by 
the  coalescence  of  two  molecules  of  cyanogen  with  two  of  aniline,  the  resulting 
formula  being,  consequently,  C*^H"N*.  There  are  a  variety  of  singular  compounds 
produced  by  the  action  of  cyanogen  and  its  halogen  compounds  upon  aniline  ;  they 
have  been  studied  with  remarkable  skill  by  Hofmann. — C.  G.  W. 

CYDER  (Cidre,  Fr. ;  Apfelwein,  Germ.)  ;  the  vinous  fermented  juice  of  the  apple. 
The  ancients  were  acquainted  with  cyder  and  perry,  as  we  learn  from  the  following 
passage  of  Pliny  the  naturalist  :  "  Wine  is  made  from  the  Syrian  pod,  from  pears  and 
apples  of  every  kind."  (Book  xiv.  chap.  19.)  The  term  cyder  or  cidi  e  in  French,  at 
first  written  sidre,  is  derived  from  the  latin  word  sicera,  which  denoted  all  other  fer- 
mented liquors  except  grape  wine.  Cyder  seems  to  have  been  brought  into  Normandy 
by  the  Moors  of  Biscay,  who  had  preserved  the  use  of  it  after  coming  into  that  country 
from  Africa.  It  was  afterwards  spread  through  some  other  provinces  of  France, 
whence  it  was  introduced  into  England,  Germany,  and  Russia.  It  is  supposed  that 
the  first  growths  of  Normandy  afford  still  the  best  specimens  of  cyder.  Devonshire 
and  Herefordshire  are  the  counties  of  England  most  famous  for  this  beverage. 

Strong  and  somewhat  elevated  ground,  rather  dry,  and  not  exposed  to  the  air  of  the 
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CYDER. 


causing  fermentation  with  contact  of  air ;  a  pretty  large  proportion  of  mucllaffe  with 
malic  acid,  acetic  acid,  and  an  azotised  matter  in  a  very  small  quantity.  The 'seeds 
contain  a  bitter  substance  and  a  little  essential  oil  j  the  pure  parenchyma  or  cellular 
membrane  constitutes  not  more  than  two  per  cent.  Of  the  whole.  After  the  apples 
are  gathered,  they  are  left  in  the  barn-loft  for  fifteen  days  or  upwards  to  mellow  • 
some  of  them  in  tliis  case,  however,  become  soft  and  brown.  This  degree  of  matu- 
ration diminishes  their  mucilage,  and  developes  alcohol  and  carbonic  acid  ;  in  conse- 
quence of  which  the  cyder  suifers  no  injury.  There  is  always,  however,  a'little  loss- 
and  if  this  ripening  goes  a  little  further  it  is  very  apt  to  do  harm,  notwithstanding  the 
vulgar  prejudice  of  the  country  people  to  the  contrary.  Too  much  care,  indeed, 
cannot  be  taken  to  separate  the  sound  from  the  spoiled  apples ;  for  the  latter  merely 
furnish  an  acid  leaven,  give  a  disagreeable  taste  to  the  juice,  and  hinder  the  cyder 
from  fining,  by  leaving  in  it  a  certain  portion  of  the  parenchyma,  which  the 
gelatinous  matter  or  the  fermentation  has  diffused  through  it.  Unripe  apples  should 
be  separated  from  the  ripe  also,  for  they  possess  too  little  saccharum  to  be  properly 
susceptible  of  the  vinous  fermentation. 

Where  cyder-making  is  scientifically  practised,  it  is  prepared  by  crushing  the 
apples  in  a  mill  with  revolving  edge-stones,  turned  in  a  circular  stone  cistern  by  one 
or  two  horses.  When  the  fruit  is  half  mashed,  about  one-fifth  of  its  weight  of  river 
water  is  added. 

In  some  places  a  mill  composed  of  two  cast-iron  fluted  cylinders  placed  parallel  to 
each  other  under  the  bottom  of  a  hopper,  is  employed  for  crushing  the  apples.  One 
of  the  cylinders  is  turned  by  a  winch,  and  communicates  its  motion  in  the  opposite 
direction  by  means  of  the  fiutings  working  into  each  other.  Each  portion  of  the 
fruit  must  be  passed  thrice  through  this  rude  mill  in  order  to  be  sufficiently  mashed  ; 
and  the  same  quantity  of  water  must  be  added  as  in  the  edge  stone  mill. 

After  the  apples  are  crushed  they  are  usually  put  into  a  large  tub  or  tun  for  12  or 
24  hours.  This  steeping  aids  the  separation  of  the  juice,  because  the  fermentative 
motion  which  takes  place  in  the  mass  breaks  down  the  cellular  membranes ;  but  there 
is  always  a  loss  of  alcohol  carried  off  by  the  carbonic  acid  disengaged,  while  the 
skins  and  seeds  develope  a  disagreeable  taste  in  the  liquid.  The  vatting  might  be 
suppressed  if  the  apples  were  so  comminuted  as  to  give  out  their  juice  more  readily. 

After  the  vatting,  the  mashed  fruit  is  carried  to  the  press  and  put  upon  a  square 
wicker  frame  or  into  a  hair  bag,  sometimes  between  layers  of  straw,  and  exposed 
stratum  super  stratum  to  strong  pressure  till  what  is  called  a  cheese  or  cake  is  formed. 
The  mass  is  to  be  allowed  to  drain  for  some  time  before  applying  pressure,  which 
ought  to  be  very  gradually  increased.  The  juice  which  exudes  with  the  least 
pressure  affords  the  best  cyder  ;  that  which  flows  towards  the  end  acquires  a  dis- 
agreeable taste  from  the  seeds  and  the  skins.  The  must  is  put  into  casks  with  large 
bungholes,  where  it  soon  begins  to  exhibit  a  tumultuous  fermentation.  The  cask 
must  be  completely  filled,  in  order  that  all  the  light  bodies  suspended  in  the  liquid 
when  floated  to  the  top  by  the  carbonic  acid  may  flow  over  with  the  froth ;  this 
means  of  clearing  cyder  is  particularly  necessary  with  the  weak  kinds,  because  it 
cannot  be  expected  that  these  matters  in  suspension  will  fall  to  the  bottom  of  the 
casks  after  the  motion  has  ceased.  In  almost  every  circumstance  besides,  when  no 
saccharine  matter  has  been  added  to  the  must,  that  kind  of  yeast  which  rises  to  the 
top  must  be  separated,  lest  by  precipitation  it  may  excite  an  acid  fermentation  in  the 
cyder.  The  casks  are  raised  upon  gauntrees  or  stillions,  in  order  to  place  flat  tubs 
below  them  to  receive  the  liquor  which  flows  over  with  the  froth.  At  the  end  of  2 
or  3  days  for  weak  c)  ders,  which  are  to  be  drunk  somewhat  sweet,  of  6  or  10  days 
or  more  for  stronger  cyders,  with  variations  for  the  state  of  the  weather,  the  fermen- 
tation will  be  sufficiently  advanced,  and  the  cyder  may  be  racked  off  into  other  casks. 
Spirit  puncheons  preserve  cyder  better  than  any  other,  but  in  all  cases  the  casks 
should  be  well  seasoned  and  washed.  Sometimes  a  sulphur  match  is  burned  in  them 
before  introducing  the  cyder,  a  precaution  to  be  generally  recommended,  as  it 
suspends  the  activity  of  the  fermentation,  and  prevents  the  formation  of  vinegar. 

The  cyder  procured  by  the  first  expression  is  called  cyder  without  water.  The 
cake  remaining  in  the  press  is  taken  out,  divided  into  small  pieces,  and  mashed  anew, 
adding  about  half  the  weight  of  water,  when  the  whole  is  carried  back  to  the  press 
and  treated  as  above  described.  The  liquor  thus  obtained  furnishes  a  weaker  cyder 
which  will  not  keep,  and  therefore  must  be  drunk  soon. 

The  cake  is  once  more  mashed  up  with  water,  and  squeezed,  when  it  yields  a 
liquor  which  may  be  used  instead  of  water  for  moistening  fresh  ground  apples. 

The  processes  above  described,  although  they  have  been  long  practised,  and  have 
therefore  the  stamp  of  ancestral  wisdom,  are  extremely  defective.  Were  the  apples 
ground  with  a  proper  rotatory  rasp  which  would  tear  all  their  cells  asunder,  and  the 
mash  put  through  the  hydraulic  press  in  bags  between  hurdles  of  wicker-work,  the 
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^   ■    A  •    .  ct.ffl  nf  nprfection  fit  to  make  a  cyder  superior  to  many 

trative  of  that  proposition  :  — 

Juice  of  the  green  renette,  queen  apple  (m)ie«e«er<e)    -  -  j094 

English  renette  ^^^^ 
Redrenette  -  -  '  '  ^^^9 

Musk  renette         -  -  _  _  _  ^^g^ 

FouiUel  raye  -  •  _  \Q^?i 

Orange  apple         -  -  "  "  "  infiO 

Eenette  of  Caux     -  -  "  "  '  ^^^^ 

Water 

Cvder  apples  may  be  distributed  into  three  classes,  the  sweet  the  bitter,  and  the 
sour  ThTsecond  kre  the  best;  they  afford  a  denser  juice,  richer  m  sugar,  which 
darifies  well  and  when  fermented  keeps  a  long  time ;  the  jmce  of  apples  is 

difficult  7o  clarify  ;  but  that  of  the  sour  ones  makes  bad  cyder.  Late  apples  are  in 
tn  hp  nreferred  AVith  regard  to  the  proper  soil  for  raising  apple  trees,  the 
feX^m^y'XuU  ;l  adTantage^n  able  es Jy /pon  "The  CuUWf  on  of  Orcha^ 
and  the  making  of  Cyder  and  Perry,"  by  Frederick  Falkner,  Esq.,  in  the  tourth 
volume  of  the  Royal  Agricultural  Journal.  He  adverts  judiciously  to  the  necessity 
of  th^  presence  of^alkaline  and  earthy  bases  in  the  soils  of  all  deciduous  trees,  and 
esneciallv  of  such  as  produce  acid  fruits. 

CYMOLE.  C='H'^.  Syn.  Camphogen.  A  hydrocarbon  found  m  oil  of  cuminme 
in  coal  naphtha.    See  Carbhretted  Htdbogen.  ■,,„„„ 

CYMOPHANE.  A  variety  of  Chrvsoberyl,  which  exhibits  a  peculiar  milky  or 
opalescent  appearance.  When  cut  en  caborhov,  it  shows  a  white  floating  band  of  light, 
and  is  much  prized  as  a  ring  stone. —  H.  W.  B. 
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CRITICAL  OPINIONS  OF  THE  PRESENT  EDITION. 


«'  A  New  Edition  of  tliis  work 
A  ia  monthly  parts,  of  wliicli 
tlu-ee  have  appeared,  claims  the  attention 
of  every  educated  man  ;  and,  from  the  well- 
known  character  of  Dr.  Ure's  works,  requires 
but  little  to  be  said  about  it.  Merely  informing 
our  readers  that  such  a  work  is  published,  is, 
we  consider,  all  tBat  is  required  in  this  case, 
as  it  is  a  work  of  reference  which  they  should 
aU  possess.  We  must  add  that  the  present 
edition  has  been  carefully  revised  to  meet  the 
advances  made  in  inventive  improvements; 
and  new  facts  in  science  since  the  date  of  the 
last  edition  are  introduced.  We  strongly  re- 
commend both  the  philosopher  and  the  prac- 
tical man  to  give  Dr.  Ure's  book  a  place  in 
his  library."  Civil  Enoinbeb. 

"  nPHIS  new  edition  of  Tire's  Dictionary 
\-  is  a  work  much  wanted  in  these 
days.  Mr.  Kobeet  Hunt's  reputation 
is  a  guarantee  for  the  careful  editorship.  The 
list  of  contributors  to  the  various  departments 
is  also  satisfactory.  The  writing  of  good  arti- 
cles for  cyclopaedias  and  dictionaries  does  not 
bring  any  high  resounding  reputation  gene- 
rally ;  but  such  writers  may  take  to  their  hearts 
in  compensation  this  truth,  that  what  they 
write,  if  well  done,  is  of  far  more  benefit  to 
mankind  than  ten  popular  novels.  The  first 
two  parts  are  good — the  diagrams  and  illus- 
trations ai-e  carefully  done ;  and  although  the 
alphabet  has  only  reached  as  far  as  Bar  we 
have  a  confident  hope  that  it  will  reach  Z  with 
credit  to  all  concerned  in  writing  the  Diction- 
ary, and  with  great  profit  to  its  readers." 

Globe. 

"  TTrE  have  already  directed  attention 
VV  to  this  admirable  re-issue  of  one 
of  the  most  valuable  standard  works  of 
the  age,  and  we  may  therefore  content 
ourselves  with  reporting  that  the  second 
.  part  exliibits  no  diminution  in  the  ex- 
cellent features  which  characterised  its 
predecessor.  At  the  present  day  few 
men  can  dispense  with  a  tolerably  com- 
plete acquaintance  with  the  subject  of 
which  this  book  so  ably  treats  ;  and, 
while  the  practical  inquirer  will  find  in  its 
pages  all  the  minute  details  of  which  he  may 
stand  in  need,  brought  down  to  the  latest 
point  attained  by  the  development  of  modern 
discovery  and  mechanical  improvement,  the 

feneral  reader  will  gather  from  it  an  abundant 
arvest  of  deeply  interesting  information, 
rendered  thoroughly  comprehensible  by  well- 
executed  illustrations,  and  be  enabled  to 
familiarise  himself  with  the  marvels  which 
have  been  wrought  by  human  ingenuity  and 
perseverance.  Tlie  names  of  the  contributors 
to  this  new  edition  furnish  an  ample  guarantee 
for  the  realisation  of  the  objects  set  forth  in 
the  prospectus,  and  we  cannot  doubt  that  the 
public  will  avail  themselves  extensively  of  the 
facility  afforded  by  its  mode  of  publication 
for  becoming  possessors  of  a  work  of  such 
sterling  worth."  Mouninq  Post. 


WE  have  before  us  the  first 
two  parts  of  a  new  edition  of 
this  standard  work,  which  is  now  in 
course  of  publication  under  the  editor- 
ship of  Mr.  Eobert  Hunt,  a  gentleman 
well  and  favourably  known  in  the  world 
of  science.  That  the  original  work  stood  high 
in  the  esteem  of  those  for  whom  it  was  particularly 
intended  is  most  plain,  from  several  editions  having 
soon  been  exhausted.  A  careful  inspection  of  the 
re-issue,  so  far  as  it  has  appeared,  promises  well. 
The  advance  of  science  has  been  of  lato  years  so 
rapid  in  each  of  the  departments  of  Which  tlus  work 
Is  the  exponent,  as  to  render,  in  very  many  cases, 
the  necessity  of  the  former  treatises  bemg  almost 
wholly  rewritten  ;  and  further,  of  the  introduction 
of  many  new  articles,  treating  for  the  first  time  on 
the  more  recent  offsprings  ol  science,  so  far  as  it 
relates  to  the  three  important  branches  treated  of 
m  this  work.  Both  these  prime  objects  seem  to  be 
satisfactorily  and  steadily  pursued,  and  we  are  glad 
to  find  the  editor  has  associated  with  himself  a  corps 
of  eollohorateurs,  each  holding  a  distmguished  posi- 
tion in  hii  own  branch  of  scientific  research,  and  com- 
prising many  names  ivell  known  and  bighly  honoured  in 
this  city  and  its  snrronnding  district.  The  present  edi- 
tion assumes  almost  the  appearance  of  a  new  base  on  the 
original  plan.  It  will,  of  course,  be  much  expanded 
in  dimensions,  forming,  when  completed,  three  goodly 
Tolumes,  and  embracing  well-digested  information  upon 
every  subject  comprised  in  its  wide  scope.  The  wood 
engravings,  which  are  profusely  scattered  through  the 
teit,  are  well  and  accurately  executed.  We  can  safely 
commend  this  work  to  all  who  are  interested  in  the  im- 
portant branches  of  trade  and  commerce  which  it  com- 
prehends." MikNOHESTEa  CoDniER. 

"  TTRE'S  DICTIONARY  lias  long 
^  bean  received  as  a  recognised 
authority,  and  the  best  work  of  reference 
on  the  subject  of  which  it  treats.  Of  a 
work  of  established  reputation,  new  editions 
will  be  required  from  time  to  time ;  and  each 
must  be  revised  and  enlarged,  that  it  may 
represent  the  advance  in  Art  and  Science. 
Such  revision  is  no  light  ;undertaking.  The 
comprehensive  character  of  the  work  makes  it 
a  task  beyond  the  powers  of  any  individual, 
for  where  shall  the  man  be  found  with  that 
thorough  and  equal  mastery  of  the  realm  of 
practical  science  which  shall  enable  him  to 
instruct  perfectly  in  all  the  details  of  every 
subject,  without  the  partiality  which  may 
tempt  him  to  pive  undue  prominence  to  some 
favourite  pursuit.  If,  therefore,  the  revision  is  to 
be  executed  satisfactorily,  it  must  be  the  work  of 
many  hands,  in  fact  of  leading  and  practical  men 
in  each  department.  This  advantage,  it  appears, 
has  been  secured  for  the  present  edition  of  Ore's 
Dictionary.  Forty-seven  eminent  names  are  given 
in  the  list  of  contributors,  including  some  of  the 
most  distinguished  in  their  several  spheres ;  and 
the  general  Editor  is  well  known  among  us,  and 
may  be  claimed  as  one  of  ourselves.  In  him,  and  in  his 
coadjutors,  the_  public  have  a  guarantee  that  this  new 
edition  will  maintain,  and  even  increase,  the  well-earned 
reputation  of  the  work.  On  the  subject  of  most  interest 
to  ourselves  as  Cornishmen  and  Miners,  we  obtain  the 
assistance  of  John  Darlington,  mining  engineer  and 
author  ;  Herbert  Mackworth,  inspector  of  mines  ;  Robert 
Oxland,  author;  Andrew  Ramsay,  Professor  of  Geology  ■ 
in  the  Government  School  of  Mines ;  besides  others  dis- 
tinguished as  practical  geologists  and  metallurgists.  The 
work,  therefore,  will  have  an  especial  value  and  interest  in 
Cornwall.  The  first  part,  now  .before  us,  we  have  read 
with  attention,  and  with  much  satisfaction.  It  is  written 
throughout  in  a  simple  and  easy  style,  generally  Intelli- 
gible to  ordinary  readers,  and  eminently  of  a  popular 
character  .  .  .  We  strongly  recommend  this  book  to 
all  persona  interested  in  science  and  tlie  arts." 

RoTJkL  CoENWiLL  GazETTB. 


Critical  Opinions  of 


the  Present  Edition. 


"  A  BOOK  the  value  of  which  cannot  be 
ii.   exaggerated."    Scottish  Peess. 

"  rpHE  position  which  Dr.  XJre's  Sic- 
J.  tionary  of  Arts,  Manufactures,  and 
Mijies  speedily  acquired  and  maintained 
proves  that  it  was  a  work  of  great  value 
and  utility.  But  rapid  progress  is  making 
in  tlie  subjects  it  treats;  and  the  few 
years  which  have  elapsed  since  the  third 

edition  appeared,  hav«  created  much  new  matter  which 
ought  to  have  a  place  in  such  a  work.  It  cannot,  therefore, 
but  be  a  matter  of  satisfaction  that  a  new  edition  is  now 
in  course  of  publication,  illustrated  with  nearly  two  thou- 
sand engravmgs  on  wood;  and  with  the  greater  part  of 
the  matter  rewritten.  Under  the  able  editing  of  the 
learned  and  experienced  Keeper  of  Mining  Records,  we 
doubt  not  this  new  edition  will  be  all  that  could  be  de- 
Biced."  Leeds  Intelliqenceu. 

"  rpHE  well-known  Dictionary  of  Dr. 

Jl  Andrew  XJre  has  occupied  a  unique 
place  in  English  literature  of  the  useful 
arts  and  applied  sciences.  The  author 
was  a  sound  chemist,  familiar  with  the 
processes  by  which  the  powers  and  prin- 
ciples of  science  are  made  subservient  to 
the  wants  of  man.  Moreover,  his  prac- 
tical turn  of  mind,  and  especially  his 
large  practice  as  a  consulting  chemist, 
in  which  capacity  he  was  for  a  great  part 
of  hi»  life  constantly  referred  to  by  ma- 
nufacturers, inventors,  and  dealers  in  the 
raw  materials  of  industry,  kept  him  well 

acquainted  with  the  progress  of  the  arts.  The  lucid 
ityle  which  he  acquired  early,  and  never  lost,  supplied  the 
only  further  qualification  required  of  the  author  of  a 
scientific  and  practical  work  of  reference.  Dr.  Ure,  how- 
ever has  been  for  some  time  dead:  increased  manulac- 
turing  activity  makes  new  demands  on  mventive  skill, 
machinerr  is  rendered  more  effective,  materials  are  eco- 
nomised, and  the  cost  of  production  is  reduced.  Ihi 
technological  encyclopedia  of  ten  years  ago,  therefore,  is 
not  fufflcientfor  the  purposes  of  to-ilay,  and  a  newedition 
of  Tire's  Dictionary  is  demanded.  The  proprietors  of  the 
work  appear  to  us  to  have  taken  the  wisest  and  most 
liberal  course  that  was  open  to  them  m  placing  the 
cditorsliip  in  the  hands  ofa  gentleman  possessing  the  con- 
fidence of  men  of  science  and  art,  and  giving  him  the 
assistance  of  competent  gentlemen,  ^yhohave  been  engasi-d 
to  furnish  articles  on  special  branches  of  mdustry  whicn 
they  have  made  subjects  of  study. 

"  The  editor  states  that  all  which  was  really  valuable  in 
the  last  edition  has  been  retained.  <  Changes  have,  how- 
ever, been  so  numerous  in  every  department  of  the  arts 
and  manufactured,  and  these  have  been  made  with  f  o  much 
rapidity,  that  it  has  been  necessary  to  rewrite  more  than 
two-thirds  of  the  work.  The  objects  which  have  been 
steadily  kept  in  view  are  the  foUowmg  :—lo  furnish  a 
wo"k  of  reference  on  all  points  connected  with  the  subjects 

nc  uded"n  its  design  which  should  be  of  the  most  reliable 
ihar"cter  To  givl  to  the  scientific  student  and  the  pub- 
Ik  the  most  exact  detail,  of  those  manufactures  which 

nvohe  Se  application  of  the  discoveries  of.  either  physics 
ir  chemistry  To  include  so  much  of  science  as  may 
render  Te  philosophy  of  manufacture  at  once  intelligible 
and  enable  the  technical  man  to  appreciate  .the  value  of 
abstruse  research.  To  include  such  commercial  informa- 
tion as  mayauide  the  manufacturer,  and  fairly  represent 
the  Kry  and  the  value  of  such  foreign  and  colonial 
production's  a.  are  imported  in  the 
present  to  the  public,  without  much  elaboration,  a  sura- 

cientlv  copious  description  of  the  arts  we  cultivate,  of  the 
m^ufacUre.  for  w  lich  we  are  distinguished  and  of 
Ke  minTng  and  metallurgical  operations  which  are  so 

pre  er^nen"?,  of  native  gr^'owth,  ^'^l'''';"/ f '  ''^.^ies  of 
time  a  sufficiently  detjiled  acci.unt  of  the  mdustnes  oi 
other  sllte.  ■  The  two  parts  which  have  already  appeared 
well  sustain  these  professions,  and  assure  tl>«„P'i''lic.that 
rhi.  Zst  nseTul  wo'rk  will  be  executed  with  all  the  aid  of 
the  highest  practical  and  scientific  jj^ws. 


"  lyrESSRS.  Longman  and  Co.  are  now 
IVL  publishing  a  new  and  entirely  re- 
written edition  of  this  favourite  work. 
Eew  men  were.more  familiar  with  the  ap- 
plications of  science,  and  the  details  of  aU 
those  arts  and  manufactures  which  involve 
the  discoveries  of  chemistry,  than  the  late 

Dr.  Ure.  Perhaps  no  man  was  more  frequently  consulted 
on  questions  of  patent  right,  or  concerned  in  experiments, 
whicli  had  for  their  objects  the  removal  of  difficulties 
in  the  processes  which  the  laboratory  had  given  to  the 
manufactory.  Witli  these  advantages  superadded  to  such 
as  belong  naturally  to  a  comprehensive  mind,  trained 
with  much  industry  in  habits  of  close  observation,  it 
could  scarcely  be  otherwise  than  that  a  work  of  a  techno- 
logical character  produced  by  such  a  man  should  be  of  a 
high  standard  of  excellence  ;  nevertheless  a  careful  ex- 
amination of  the  work,  after  the  death  of  Dr.  Ure, 
proved  that  the  shackles  ol  age  had,  to  some  extent,  pre- 
vented his  following  all  the  applications  of  science  which 
have  been  made  with  such  rapid  strides  within  the  last 
few  years.  The  publiphers  therefore  determined  to  com- 
mit the  work  to  a  Ihoroughly  competent  editor,  Mr. 
Robert  Hunt,  the  Keeper  oV  Mining  Records,  &c.,  and 
first-rate  authorities  have  been  engaged  to  furnish  the 
articles  on  those  special  industries  which  they  have  made 
the  objects  of  study.  To  effect  the  objects  which  have 
been  steadily  kept  in  view,  it  has  become  necessary  to  en- 
large the  publication  from  two  to  three  volumes,  and  thus 
space  is  afforded  for  the  introduction  of  a  great  number 
of  techi.ical  and  other  important  terms,  and  of  numerous 
new  and  interesting  processes  which  could  not  be  included 
in  former  editions.  The  work  is  now  appearing  in 
monthly  parts,  and,  no  doubt,  many  of  our  readers  will 
gladly  avail  themselves  of  the  opportunity  to  possess 
themselves  of  a  really  valuable  work  of  reference  on 
manufacturing  industry."  Engineer. 

"  TT  is  with  the  greatest  satisfaction 
X.  that  we  receive  the  first  part  of  a 
new  edition  of  the  late  Dr.  Dre's  great 
work,  and  our  satisfaction  is  heightened 
by  an  examination  of  its  contents.  Mr. 

Robert  Hunt  is  exceedingly  well  fitted  to  be  its  general 
editor,  and  he  has  associated  with  him  a  staff  of  yentle- 
men  thoroughly  competent  to  help  him  with  the  details  of 
his  great  undertaking.  No  one  can  know  better  than 
ourselves  how  invaluable  Dr.  Ure's  volumes  have  been  to 
manuldcturers  and  men  of  science  generally  ;  but  it  must 
he  acknowledged  that  cif  late  years  the  progress  of  science 
had  carried  us^beyond  it  in  many  respects,  anl  a  new  edi- 
tion, bringing  its  articles  up  to  date,  was  greatly  needed. 
The  first  part  proves  that  the  need  is  being  most  satisfac- 
torily supplied.  The  192  pages  of  this  part  carry  us  only 
to  the  article  Artesian  Wells,  which  was  reached  on  the  87th 
pr>ge  of  the  edition  of  1853  ;  so  that  the  new  matter  is  more 
than  twice  as  voluminous  as  the  old.  This  arises,  to  a  g-eat 
exteut,  fi  om  the  introduction  of  entirely  new  articles  ;  but 
it  is  mainly  the  result  of  the  extension  ofthe  former  arti- 
cles with  modern  matter.  Among  the  many  new  artules 
the  more  remarkable  are  8  pages  on  Xddime*n/,  2  on  the 
^ii- «ini"C,  2J  on  Mgee,  4  on  Aluminium,  7»  on  Chloride 
of  Ammonium ,  and  2J  on  the  colouring  material  named 
Arnatto,  Arnotto,  or  Ailnotto.  Among  the  extended 
articles  the  principal  are,  that  on  Acetic  Acui,  wliich  is 
extended  from  13  to  19  pages,  others  on  Alcohol 
Alcotiolometrij,  enlarged  from  15  to  23  pages  ;  on  Aldehyde, 
from  7  lines  to  a  page  ;  on  Alkah  and  Alhahmctry,  from 
13  to  18  pages;  oa  Allay,  from  4  to  11  pages;  on  .^(iim, 
from  8i  to  18  psg" ;  on  ^mnfffom,  from  2  lines  to  E  page  ; 
on  Animonitt,  from  1  to  10  pages;  on  Anchor,  from  4  to  9 
naees-  on  AriUne,  from  10  lines  to  2  pages;  on  Anthracite. 
from  20  lines  to  3  pages  ;  on  Antimony,  from  1  to  3J  pages  ; 
and  on  ^cseiifc  and  its  compounds,  from  4.J  to  8  pages. 
We  eive  these  details  to  show  the  comprehensive  manner 
in  wliich  the  new  edition  is  being  revised.  Nor  is  any  ex- 
pense spared  in  the  getting  up  of  the  new  edition^  1  he  new 
woodcuts,  which  are  numerous,  are  cxceediniily  well  en- 
graved, and  both  the  paper  and  the  type  are  superior  to  those 
If  the  1853  edition.  *e  find  great  reason  to  believe  also, 
froin  a  rareful  examination  of  this  part,  that  perfc.  t  im- 
nar^aliS  wiU  be  observed  in  the  new  and  the  rewritten 
Lt^cles     The  chief  Editor  himself,  Mr.  Hunt,  has, not 


scrupled  we  observe,  to  remove  from  the  art  c  e  on  Act,- 
SrpasUges  corapliment.lr,  to  Wmself,  which  formerlr 
LoneaVed  in  it.  Again,  in  the  article  on  Anchors  find 
a'fair  and  honest  account  of  the  various  improvement, 
wwih  have  been  proposed  in  anchors  from  time  to  lime. 

Th  'edWon  is  to  le  ^mpleted  in  f""'''""  .''"^'-^  P»w  I'l  M 
.t,,nihlv  forming  three  volumes.  Each  part  wui  oe 
S'„?t  ;T,iuabir\n^tself,  and  manufacturers  and  other, 
will  be  glad  to  secure  each  as  it  Jj>P=»;»^  j,^,,,,,.,. 


